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This Issue in Brief

Pentaconta Telegraph Switching System—The
Pentaconta equipment designed for telephone
switching is readily adapted to telegraph (telex)
switching systems. The long history of these
components assures their reliability and their
use avoids the cost of unnecessary new designs.

In Europe, the average time charged for telex
calls is 2.3 minutes and a quarter of the calls
are for less than 1 minute. The further fact that
80 percent of the traffic is long distance makes
rapid switching necessary as charges are earned
only after the called station answers.

There will be at least one international center
in each country and it will be equipped with
registers, translators, and signalling circuits for
interworking with the signals used in other
countries. It will also handle national calls as
well as serving local subscribers.

Main centers are designed to work with their
own national exchanges and thus are not
equipped for working directly with foreign
international centers.

Secondary centers are designed for economy in
capacities between 40 and 200 lines and they
work with main centers.

Satellites are basically concentrators located
remotely from the main center to which they
are connected. They use the registers in the
main centers.

Microminiature Radio Altimeter—The STR
70-P radio altimeter is a solid-state equipment
using frequency-modulated continuous waves.
It has an accuracy of = 2.5 feet (0.75 meter)
= 3 percent and 1 foot (0.3 meter) at touch-
down with a maximum indication of 5000 feet
(1500 meters).

The transmitter oscillator works at about 290
megahertz and through a varactor multiplier
produces 500 milliwatts at 4300 megahertz.
This is frequency modulated at 100 megahertz
for altitudes from 0 to 500 feet (150 meters)
and is gradually reduced to 10 megahertz be-
tween 500 and 5000 feet (150 and 1500 me-
ters). The frequency sweep occurs at a modu-
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lation rate of 300 hertz. Some power from the
oscillator goes to a temperature-stable linear
discriminator to produce a signal proportional
to the oscillator frequency sweep. This is fed
back to a varactor to control the oscillator
frequency.

The receiver uses standard off-the-shelf semi-
conductor integrated circuits in flat-pack form
and discrete add-on components selected for
their high reliability. The whole set is separated
into 6 replaceable and repairable modules di-
vided to require a minimum number of con-
nectors to reduce that source of unreliability.
One small interchangeable module provides an
interface to adapt the altimeter to the needs of
the particular installation in either military or
civil aircraft.

Silicon Planar Transistors and Diodes for Deep-
Water Submarine Cable Repeaters—The meth-
ods used for the production and evaluation of
high-reliability silicon planar transistors and
diodes for the first major use of such com-

ponents in deep-water submarine repeaters are
described

CoL 1L

The production methods were essentially those
used for commercial devices, which had them-
selves undergone a series of reliability improve-
ment exercises since manufacture started in
1961. The diodes were encapsulated in a con-
ventional metal transistor can. Especially high
reliability was achieved by meticulous control
of piece parts, processes, and subassemblies and
by very careful screening of the finished devices.

A 20-year life was required for the devices with
no more than 1 transistor failure in 1200 and
1 diode failure in 2400 every 4 years.

Assurance of this high reliability was obtained
by: (A) performing accelerated tests in the
temperature range from 240 to 280 degrees
Celsius; (B) subjecting 2642 transistors and
4793 diodes to a severe mechanical/thermal
test; (C) subjecting similar numbers of devices
to a 3-month operating life test using the elec-
trical conditions of the repeater but with the
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device temperature raised so that the test was
equivalent to the required life; and finally
carrying out a radioactive-krypton hermeticity
test to a limit of 5 X 10-'? atmosphere cubic
centimeter per second.

No device failures were obtained in tests (B)

and (C).

Coaxial Cable System for 2700 Circuits—Any
new transistor system must be compatible with
the existing network of 960-circuit valve sys-
tems, as it is the expansion of these systems
that represents the principal market. The valve
systems have repeaters in surface huts spaced
9.7 kilometers (6 miles) apart. It was found
feasible to space the 2700-circuit transistor re-
peaters at nominally 4.5-kilometer (2.8-mile)
intervals so that alternate repeaters are housed
in underground sites and the remainder in
existing huts.

Alternate line amplifiers are automatically regu-
lated by a pilot regulator operating from a
12 435-kilohertz pilot. The dependent repeaters
receive power remotely from the attended sta-
tions, using a very low value of constant direct
current which is inherently safe, and no special
precautions for the protection of maintenance
personnel are necessary.

A system of 11 repeater sections has been in-
stalled for field trial. An overall noise perform-
ance of 1 picowatt per kilometer has been
obtained and the measured distribution of inter-
modulation products was as predicted. The
individual amplifiers and the route show a very
high degree of gain stability with variation of
power supply and temperature.

Microwave Radio RL4H in Slimrack Construction
—Rapid developments in the microwave field
and in semiconductors have now made possible
the design of a highly reliable, compact, and
easily maintained all-solid-state system operat-
ing in the 4-gigahertz band, to provide mainline
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long-distance service with full 960-channel te-
lephony and color-television performance speci-
fied by the International Radio Consultative
Committee.

A slimrack is the radio bay of this system. A
terminal station would also include the aerial
system and overhead waveguide, modem, pro-
tection switching and supervisory equipment,
and possibly an auxiliary link. The radio slim-
rack can be used as either a one-way repeater
or as a terminal transmitter/receiver.

Hitherto the super-high-frequency transmitting
power was obtained from traveling-wave tubes
requiring high voltages, but now it is possible
to incorporate the latest high-frequency high-
power transistors and varactors. These give
much longer life with lower power consumption
at low voltages.

The slimrack incorporates easily replaceable
modules to enable quick return to service and
maintenance at base. Cooling is by natural con-
vection and particular attention has been paid
to adequate heat-sinking of semiconductors for
maximum reliability.

Security of Interlocking Systems for Railroad
Track Switching—Interlocking systems assure
that a track arrangement and its signals are
consistent and that all required protection is
provided to reserve a selected route for a given
train. A review is given of the interlocking
means used for mechanical, electromechanical,
relay, and geographic track switching systems.

The track switching, signaling, and detecting
equipment for the geographic system is con-
trolled by standardized sets of relays that are
adapted to each particular installation by the
design of the interconnecting cables.

After outlining the basic interlocking circuits,
a number of principles are presented that have
been developed over the years through experi-
ence with all previous switching systems.
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Pentaconta Telegraph Switching System

ADRIAAN MELIS

Bell Telephone Manufacturing Company; Antwerp, Belgium

1. General

Increased application of automatic telegraph
switching systems and their extension to new
countries have stimulated interest in problems
that formerly had not justified immediate
attention.

One of these problems is an economical design
of small exchanges giving full service to the
subscribers. Another concerns speed of switch-
ing. The average charged time per call in
Europe has dropped to 2.3 minutes and about
25 percent of all calls are charged for less than
1 minute. As about 80 percent of the traffic is
long distance, fast switching reduces setting-up
time, which is not charged to the subscriber,
and increases paid-for utilization of the network.

Pentaconta * apparatus and techniques devel-
oped for telephone switching are applicable to
these problems. Administrations using the Pen-
taconta system for telex in addition to teleph-
ony need stock fewer spare parts and will in-
vest less time in training maintenance personnel.

The Pentaconta telegraph and telephone sys-
tems are very similar in the selection stages
and the register counections. The telegraph sys-
tem has more-complicated connecting and reg-
ister circuits and has different subscriber iden-
tification. It includes all features of a modern
telegraph system, and certain additional fea-
tures can be provided if needed.

Special attention has been given to preventive
maintenance, which is considerably reduced with
crosshar switches. The weakest elements in
telegraph exchanges are the polarized relays.
The introduction of the mercury-wetted polar-
ized relay is an important improvement, espe-
cially as the high quality of transmission can
be guaranteed over a long period without spe-
cial precautions.

Table 1 gives a breakdown of kinds of traffic
in countries having a high density of telex
subscribers.

* Trademark of International Telephone and Telegraph
Corporation and its associated companies.
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TABLE 1

TrarrFIC 1IN CounTRIES HAVING HiGH DENsITY
oF TELEX SUBSCRIBERS

Large Countries Small Countries

Type of Traffic

in Percent ! in Percent
International calls 16 70
National calls B 80 26
Local calls 4 | 4

There is a slight tendency toward an increase
in local traffic since the introduction in the
larger exchanges of the printergram, a telegram
sent by teleprinter to the telegraph office.

The small average number of subscribers per
exchange, especially in new networks, permits
use of very simple control equipment. However
the practically nonexisting local traffic, if we
exclude special-service traffic, and the extent
of international traffic require more-complicated
control equipment.

2. Network

The basic Pentaconta telegraph switching sys-
tem uses keyboard selection. Dial selection is
available as an alternative but it and all the
other versions are simplifications and are not
discussed here.

Only the special teleprinter switching charac-
teristics will be described, as the principles of
the Pentaconta system are already well known.*

2.1 INTERNATIONAL CENTER

Every country will have at least one inter-
national center, which will be equipped with
special signal adapters to interwork with all
known signalling systems.

The translator can be equipped to use the
routing plan of the International Telegraph and
Telephone Consultative Committee (CCITT)

*F, Gohorel, “Pentaconta Dial Telephone Switching
System,” Electrical Communication, volume 31, num-
ber 2, pages 75-106; June 1954.
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for telex and gentex calls or for any other
similar plan. The system will take care of com-
munication between national classes (up to
100) and international classes. Semiautomatic
positions are also foreseen to handle calls to
manual directions or to small groups of trunks
for which automatic service is not justified.
The semiautomatic position also has call-back
and operator-assistance facilities. They will in-
terwork with radio automatic error-correcting
systems, will meter on effective 10- or 6-second
pulses, and have loop and tape alarm indica-
tions. Every position can be equipped with a
group of trunk-status boards.

Due to the high traffic per subscriber, which
averages 0.08 erlang and may reach 0.12 erlang,
the line element was designed for 500 sub-
scribers instead of 1000 as in telephony.

2.1.1 Call Originated in the International Center

Referring to Figure 1 a call originated by a
subscriber connected directly to the interna-
tional exchange will be handled as follows.

Pentaconta Telegraph Switching System

The subscriber presses his calling key. The com-
mon line equipment detects the calling condition
and puts a calling condition on the line element
marker circuit. The marker will identify the
line to a free register and the connection be-
tween the subscriber and the register will be
established through a free connecting circuit.

The register sends the proceed-to-select signal
to the calling subscriber. The subscriber sends
FIGURE SHIFT followed by the national number
or the international prefix, depending on the
type of call, followed by the end-of-selection
signal. For a call to a local subscriber a group
selection is made to connect a free fifties selector
in the right line element and then the line is
selected in this line element. Before the called
line is connected the classes of the calling and
called party are compared. If the comparison
permits the connection, the register sends the
WHO ARE YoU? signal to the called subscriber.

Time and date can be sent to both subscribers
before the wHO ARE vou? signal. The register
will give the through connection and disconnect

& ] | SEMI~
LINE N ——e—0 4) O—— 1 AUTOMATIC
—0 Bl LOCAL L - CONNECTING
CONNECTING o CIRCUIT
LINE N 4+ CIRCUIT o
> —2 o l
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— OUTGOING TRUNK L
O - u
= |OUTGOING o :
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< [
a
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" | BoTAwaY SERVICES || 2
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Figure 1—International center.
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Pentaconta Telegraph Switching System

itself on the first element of the answer-back
code of the called station. After making sure
that the call is successful, metering signals on
which charges are computed are started.

Only a group selection is necessary for calls
to a special service. Normally all special ser-
vices are connected to the group selection ele-
ment. The call is handled exactly as for a local
subscriber. However, if some operations should
be omitted for some special services this will
be taken care of by the register in accordance
with the class of the special service.

If the call is for another national center a free
trunk will be connected via the group selection
element and a calling condition will be put on
the forward path of the trunk. The distant ex-
change gives call confirmation followed by a
proceed-to-select signal, whereupon the register
in the originating exchange sends the selection
information at maximum speed and disconnects
itself.

The translator has all-trunks-busy relays per
direction and if no free trunk is available in a
certain direction alternative routing informa-
tion, if any, is given without delay or supple-
mentary information. When alternative routing
is not to be used in the following exchange, the
first character of the selection information,
FIGURE SHIFT, is changed into ? (question
mark) to inform the distant exchange that no
overflow selection should be made.

When a call confirmation is not received within
2 seconds the trunk is considered to be out of
order and the DER relay in the trunk circuit
is operated by the register before the register
starts a new selection. This operation will even-
tually be repeated up to 3 times. The DER
relay will give a visible indication that a par-
ticular trunk is out of order. Optionally a sender
circuit can be provided for testing trunks auto-
matically. This common sender puts calling
condition on the forward path for 500 milli-
seconds every 29.5 seconds. This sequence is
repeated 5 times. If a call confirmation is re-
ceived during one of the tests the trunk is
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automatically disconnected from the test equip-
ment and is again available for normal traffic.
The retest combined with automatic trunk test-
ing is an improvement in maintenance practice
as short interruptions in carrier systems are a
well-known fact.

For a fully automatic international call only the
prefix is sent. The register of the international
center sends a second proceed-to-select signal
to the calling subscriber. The subscriber sends
the foreign subscriber’s number preceded again
by FIGURE sHIFT and followed by the end-of-
selection signal.

For a call to an exchange using B-type signal-
ling the register will connect a signal adapter
circuit. When the selection information has to
be sent in decimal pulses the register starts
sending when sufficient information has been
received to make the right selection (commonly
after the first digit of the subscriber’s number).

The signal adapter circuit is designed so that
for calls to direct systems the moment at which
a 200-millisecond stop polarity is received can
be translated into letter codes such as NC and
OCC to the calling subscriber and into DER
when no pulse at all is received. For calls to
register systems without code sending this is
impossible as there is no control in the originat-
ing exchange on the setting-up time through the
different exchanges.

The system is so designed that for calls to
register systems using B signalling with code
sending, the foreign code is transmitted to the
calling subscriber without repetition.

When the call is going to a direct system the
originating register will control the completion
of the call, send wio ARE vou?, control the
answer-back code, and send the time and date
later.

When the foreign system is register controlled
without code sending, the code OCC is sent for
all unsuccessful calls.

Within a single network different codes, such
as, .NC and -NC are used for rapid and simple
reports.

Yolume 42, Number 4 - 1967



For calls to systems using keyboard selection
the register sends the selection information at
maximum speed and disconnects itself. The call
is then under the control of the foreign register.

For a call to a semiautomatic direction an op-
erator position is selected and the register sends
the received international prefix to the operator.

On receipt of the end-of-selection signal in the
operator position a second proceed-to-select
signal is sent automatically to the calling sub-
scriber from the operator position. The sub-
scriber sends the foreign subscriber number
preceded by rFIGURE sHIFT and followed by the
end-of-selection signal. On receipt of this sec-
ond end-of-selection signal the operator position
circuit sends M OM. The operator starts han-
dling the call when complete information is
available and can set up the call immediately.

All calls to automatic systems will be controlled
by the switching equipment and the operator
will check only the exchange of answer-back
codes and start the metering. This simplified
method of operation permits operators to handle
many more calls than do previous systems.

For calls to manual systems the switching
equipment is used only to select a free trunk.
The waiting time at the foreign office is gen-
erally too long to hold any common control
equipment until the foreign operator answers
the call.

The operator sends the selection information
by keyboard to the foreign operator and super-
vises the establishment of the call.

2.1.2 National Incoming Call

The incoming trunk circuit receives the calling
condition which it confirms immediately. The
trunk-finder marker connects itself to a free
register to which are transmitted the charac-
teristics of the trunk (national or international
trunk and type of service to be given). The
register connects itself to the trunk through a
free incoming connector and sends the proceed-
to-select signal to the distant office by a 40-
millisecond start polarity. The distant office

ELECTRICAL COMMUNICATION
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sends the selection information followed by the
class of the calling subscriber. The call is han-
dled by the register as a call originated in its
own exchange.

It should be mentioned that in case of an inter-
national call only the prefix is received from
the distant register and the foreign subscriber
number is sent immediately to the register of
the international center. This not only saves
time in transmitting selecting information but it
reduces the storage capacity of the registers of
the main centers to the national numbering and
it standardizes subscriber operations throughout
the country for international calls.

2.1.3 International Incoming Call

The procedures for international incoming calls
are the same, except for classification. If the
call has to be routed to a national subscriber,
the international class of service must be trans-
lated into a national class of service. The class
of the trunk circuit will indicate if the originat-
ing country is allowed to make international
transit calls.

2.2 Main CENTER

The main center shown in Figure 2 differs from
the international center by the absence of the
semiautomatic operator positions and the corre-
sponding semiautomatic connectors. The reg-
isters are designed to handle only national calls
and have a limited storage capacity. The signal
adapter is superfluous. The translator is sim-
plified, as all the international prefixes need be
translated into only one selection system. The
capacity of a main center is practically un-
limited and the same line elements are used as
in the international center.

2.3 SEcoNpDARY CENTER

The secondary center was developed in coop-
eration with the telex staff of Compagnie Géné-
rale de Constructions Téléphoniques. It is char-
acterized by a special switching arrangement
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Pentaconta Telegraph Switching System

shown in Figure 3. This exchange is economical
for capacities from 40 to 200 lines and provides
all the facilities of the main center. This type
of exchange is for large countries where the
telex subscriber density is rather low. The
register of the secondary center can be designed
in another version to work as a satellite ex-
change. For a call originated in such a satellite
the class of the calling subscriber is sent to the
main office and then the register disconnects
itself. For an incoming call only the two or
three final digits and the class of the calling
subscriber are sent.

2.4 SATELLITE

In countries with high or average telex sub-
scriber density, the satellite exchanges reduce
the price of the cable network by concentrating
traffic. The arrangement is shown in Figure 4.

The satellite can be considered as a distant line
element. For calls originated in a satellite, a
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TRUNK < LInE
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BOTHWAY
TRUNK j
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>
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, CONNECTING o
+ + CIRCUIT
-0
COUPLER REGISTER
TRANSLATOR CLASSIFICATION

Figure 2—Main center.
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trunk to the main center is immediately seized
and, when the register in the main center is
connected, the class of the calling subscriber
is transmitted.

The register sends the proceed-to-select signal
and the subscriber sends the selection informa-
tion to the register in the main exchange. For a
call to a subscriber connected to the satellite,
the register sends the final 3 digits and the
satellite sends the call-connect signal or one
telegraph combination that will be converted
into a normal code in the main exchange. Even-
tually time and date and the wHO ARE vou?
signals are sent by the register of the main
exchange. No signal bypath is used in telex,
as there is sufficient time before the motor is
up to operating speed to send all the informa-
tion via the normal transmission trunk.

The system is flexible enough to be introduced
in all existing networks and can improve the
efficiency of even the existing step-by-step sys-
tems using them as remote line elements or
satellites.

3. Circuits and Main Features

3.1 Line Circulr

The line circuit is a 2-relay circuit and can be
connected for either single or double current.
The standard circuit works at 20 volts and 40

INCOMING ]l o LINE
TRUNK N
OUTGOING o— LINE
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£,

CONNECTING
CIRCUIT

I+
o+

|+
o+

MARKER
TRANSLATOR

REGISTER

Figure 3—Secondary center.
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milliamperes for single current or 20 milliam-
peres for double current. Other currents and
voltages are possible. The line loop may have
a maximum resistance of 2700 ohms, teleprinter
included. In the rest condition there is no cur-
rent on the line in the standard version but a
5-milliampere rest current is an optional feature,

3.2 ConnNEecTING CIRCUITS

The connecting circuits were standardized to
only three types. The semiautomatic connector
without repeater is used for only the operator
position in the international center.

The local and the incoming connectors are
nearly the same, except for the metering relays
in the local connector. Both circuits have a uni-
versal repeater, which for the incoming connec-
tor is always in double current at the incoming
side.

3.3 RECGISTERS

As outlined in the network description, several
types of registers are available. The register of
the international center is certainly the most
complicated, especially if several optional fea-
tures such as time and date sending, various
selection procedures depending on the class of
the calling subscriber, special codes for obser-
vation of traffic, et cetera, are used. However,
many elements of the three types of registers,
and particularly the electronic circuits, have
been standardized.

The main differences between the international
and the other registers are as follows.

+
LINE I | BOTHWAY - LINE

- TRUNK

+ +
-0
SENDER RECEIVER

Figure 4—Satellite arrangements.
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(A) Larger storage capacity (up to 15 digits).

(B) Connections to a signal adapter circuit for
interworking with B-type signalling systems.

(C) Connections to a memory circuit are op-
tional.

(D) Interworking with type-B keyboard sys-
tems is optional.

(E) Through connection and special signalling
for start of metering if transmission is via radio
channels.

The registers of a main and a secondary center
differ because of the circuits with which they
interconnect. As a maximum of 2 marker cir-
cuits are provided in the secondary center, the
coupler circuit may be omitted and the trans-
lator and classification features integrated in
the marker circuit. Another remarkable differ-
ence is the use of the register of a secondary
center as the control element of a satellite,

3.4 CrassiFicaTiION CIRCUIT

Only one classification circuit is required even
in large exchanges with several thousands of
subscribers. It takes care of the class-of-service
comparison between the calling and called sub-
scriber. In international exchanges, it takes care
of the transformation of classes for incoming
calls. Although 100 different classes are fore-
seen, only 30 are intended to be compared with
each other. The other classes are used in the
register or in the translator or will be trans-
formed before comparison. This high number
of classes makes the system extremely flexible
at practically no supplementary cost.

One important example can be given to under-
line this flexibility. The register can be wired
so that on receipt of a certain class no supple-
mentary selection information has to be sent
by the subscriber. This means that special sub-
scribers not having a normal 50-baud teleprinter
can be connected via the normal, or even spe-
cial, data channels to a special switchboard or
to an automatic switching unit for special pur-
poses. The telegraph switching equipment is used
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in this way as an inexpensive concentration
equipment until a new service justifies addi-
tional investment.

3.5 Trunk CIRCUITS

Three different types of trunk circuits are fore-
seen. The incoming trunk is the simplest and
is very similar to the subscriber line circuit.
The outgoing trunk has a special out-of-order
relay, which will be blocked until the automatic
retest circuit has found the line to be in good
condition or until maintenance has been per-
formed if the line was out of order.

The bothway trunk is more complicated than
the incoming trunk as its operation as an in-
coming or outgoing trunk has to be well sepa-
rated from the guard delay and the metering
circuits. Some special precautions to avoid
head-on collisions and retest are also foreseen,
as well as the possibility of passing loop and
tape alarm indications from ARQ systems to
the switching system. The bothway trunk of the
satellite differs from the other types in that
some multiple relays are provided to store codes
to be sent by a common sender to the main
exchange. Another difference involves the in-
terworking with markers and with send and
receive circuits.

3.6 METERING FOR TARIFF

The standard system of metering to determine
charges for service foresees two different meth-
ods, one for national and one for international
traffic.

The national traffic is registered on service
meters with a minimum of 3 tariff units auto-
matically registered at the start of each call.
The number of tariff units is practically un-
limited if an additional metering circuit is
provided.

For international calls ticketing seems more
applicable because of the great flexibility of the
system. As subscriber identification is done on
the answer-back code, or eventually on the
digital part of the answer-back, the ticketing
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can be concentrated in the international center.
Precautions are taken to prevent falsifying the
answer-back code. All data are stored in the
memory as long as the call is going on. At the
end of the call, the information is perforated
in telegraph code by a high-speed perforator.
The tape can be handled by computers for bill-
ing the customers. An important optional item
is to send the amount of the charges to the
calling subscriber at the end of a call. This can
be done for all calls or only on receipt of a spe-
cial end-of-selection signal.

The choice of a tariff system depends on traffic
distribution. Large countries have heavy na-
tional traffic and tariff variations among dif-
ferent zones are practically excluded. Therefore
a large part of these low-cost calls can be reg-
istered on service meters, For international calls,
where several new directions are added every
year, it is much more economical to use ticket-
ing as such changes have little influence on the
program of the billing computer. In small coun-
tries, where up to 80 percent of calls are inter-
national, it may be more economical to have
only ticketing.

Both solutions as well as only multimetering,
even for international and intercontinental calls,
are possible.

With ticketing, the time charged to a subscriber
can easily be compared with the corresponding
charges in the accounts between the adminis-
trations, as recently recommended by the Inter-
national Telegraph and Telephone Consultative
Committee (CCITT) at its meeting in Mel-
bourne in 1966. This simplifies administrative
work.

4. Opecrator Positions

There are two designs of operator positions
available, one being a console having 2 re-
ceiving mechanisms and a single keyboard and
the other a turret to be mounted on a stand-
ard table.

The console is equipped with Lo 133 machines.
This console cannot be adapted to all types of
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teleprinters because of high engineering cost.
The turret was developed to connect all types
of standard teleprinters and can be mounted on
standard tables to comply with special require-
ments of customers.

The keyboard layout is practically the same and
the features and manipulations are identical.

Both are cordless boards with a maximum of
6 cord circuits and 2 position circuits. The cord
circuits may be underequipped and extended
later as complete wiring is always installed.

To make full use of all the features of the posi-
tion and switching equipment, the teleprinters
must be arranged to provide a contact on the
combinations upper-case J (bell) and upper-
case Z (+).

Incoming calls are routed first to a free opera-
tor. If a free operator is not available, the call
is routed to a busy operator, who connects it
to a free teleprinter if at least one cord circuit
is free. As soon as a cord circuit is seized it
busies the position circuit for any other incom-
ing call and determines which receiving tele-
printer will be connected. The motor of the
engaged teleprinter is started and an audible
signal can be given.

The information is sent to the operator position
by the register and the called subscriber as de-
scribed for semiautomatic calls. The keyboard
of the operator is disconnected until he pushes
the corresponding send button.

To set up a call the operator seizes a normal
register and sends the full selection information
in one group of signals. The call-connected lamp
will indicate when the call-connected signal was
received in the switching equipment.

In case of ineffective calls, the trunk and switch-
ing equipment are immediately released from
the outgoing end of the operator position. Ex-
tensive use is made of common automatic send-
ers for all types of codes to simplify and limit
the demands on the operator. Call-back facilities
are provided to both the incoming and outgoing
sides of the operator position to give greatest
flexibility.
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The metering is stopped automatically during
operator intervention. Elapsed-time metering or
metering with effective 10- or 6-second im-
pulses from ARQ equipment is foreseen. In
case of calls via ARQ channels, loop and tape
alarm indications are given to the operator and,
if necessary, the connection can be monitored.

The clearing signal can be originated by the
caller, called subscriber, register, and operator.
The caller may release the connection at any
time except during setting up. The outgoing
end will always be released as soon as one or
both signals are given.

Conference and broadcast facilities can be ar-
ranged from special positions, which are also
able to handle normal calls.

5. Equipment

The equipment is mounted in frames of two
standard widths, 1.160 and 1.450 meters (45.7
and 57.1 inches). To simplify shipment and
installation, these frames are assembled where
they will be installed to form a bay between
two uprights, the height of which can be 3.070
meters (121 inches) for 6 frames and 2.670
meters (105 inches) for 5 frames. The bays are
mounted in rows, the length of which depends
on the dimensions of the exchange room. Gang-
ways between rows should give easy access to
both front and back of the equipment.

Each bay has its own power-supply panel con-
taining circuit fuses and signalling devices.

The supervision of the bay is aided by lamps
in the supervision strip and by duplicate lamps
at one end of each row as well as on the general
exchange supervision panel. A remote general
supervision panel can also be used.

The use of frames with well-fitted metal covers
provides good protection against dust and shock.
Figure 5 shows an international telex exchange
in Lima, Peru, and Figure 6 displays the cir-
cuit-busy counters.
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5.1 Line UnN1T

The line unit has 5 different types of frames
as follows.

(A) Frames with line and cutoff relays. There
are 50 lines per frame with adjustable resistors
for controlling the line current and the com-
pensation current for the repeater. Each line
circuit can be wired as a single- or double-
current line on an individual block.

(B) Frames with terminal selectors. Two types
of frames are foreseen, one with 8 to 12 se-
lectors and one with 12, 16, or 20 selectors.
The number of vertical selectors is determined
by the subscriber trafhc. A fully equipped frame
can handle up to 0.22 erlang bothway traffic
per subscriber.

(C) Frames for line markers 1 and 2 with
their associated distributing frame. Both mark-
ers of the same 500-line group are identical.
The distributing frame consists of a certain
number of terminal strip supports, each of
which is connected by means of a connecting
block to the marking relays of a hundreds group.
The connections to the marking wires are made
at the front side of the distributing frames by
removable U/ links for a subscriber whose call-

Figure 5—International transit exchange in Lima, Peru.
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ing number corresponds with the equipment
position terminal of the line and cutoff relay
of the terminal selector frames or by jumper
wires for other subscribers having a special
allocation, for example, private-branch-exchange
groups or for traffic equalization over the differ-
ent fifties groups.

(D) Frames for call finders and fifties se-
lectors. A primary section comprises all the call
finders, fifties selectors, and mutual-aid selectors
having a common multiple.

(E) Intermediate distributing frames.

5.2 Grour SELECTION UNIT OF 4 or 5 WIRES
The group selection may be in two different
versions according to the initial capacity.
Single-stage group selection is economical for
up to 350 subscribers with average traffic. The
2-stage group selector for larger exchanges
comprises the primary selector frames and the
secondary selector frames controlled by a frame
with 2 markers and 2 frames of marking relays.
The maximum equipment for a single-group
selection unit is 20 secondary selector frames
which correspond to 1040 outlets.
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Figure 6—Display panel for all circuit-busy counters.
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5.3 Grour SeELEcTION UxNIT OF 8 or 10 WIRES

This group selection unit is always designed as
a 2-stage unit. Normally, secondary frames of
the small type with 12 secondary selectors are
used. This type of group selection unit is used
for the selection of trunks operating via ARQ
equipment.

54 TrRUNK-FINDER ELEMENT

An incoming call finder is a complete element
capable of handling an incoming traffic of 55
erlangs. It consists of 3 sets of frames.

Pentaconta Telegraph Switching System

(A) There are 5 frames with trunk-finder
sections.

(B) There is 1 frame for markers 1 and 2.

(C) There is 1 intermediate distributing frame.

5.5 REecisTER AND COUPLER BAYS

Depending on the type of exchange, the register
is mounted in 1 or 2 frames. Large-type frames
with reduced height are used to mount the
coupler circuits. Depending on the line capacity
of the exchange and the traffic to be handled,

TABLE 2
EQUiPMENT REQUIRED TOR SECONDARY CENTERS OF VARIOUS CAPACITIES
150 lines with 4 primary sections or 200 lines
150 lines with 2 primary sections
100 lines
50 lines
20 lines
1
Power panel ‘ Power panel Power panel Power panel Power panel Power panel Power panel
Intermediate l Intermediate | Intermediate | Intermediate | Intermediate | Intermediate | Intermediate
distributing distributing distributing distributing distributing distributing distributing
frame frame and frame and frame frame frame frame
resistance resistance
lamps lamps
Register finder | Marker 1 Marker 2 Line relays Terminal Line relays Terminal
selector selector
Register 1 Line relays Terminal Line relays Terminal Primary Primary
selector selector section 3 section3
Register 2 Primary Primary Primary Primary Primary Primary
section 1 section 1 section 2 section 2 section 4 section¥
Supervisory Supervisory Supervisory Supervisory Supervisory Supervisory Supervisory
panel panel panel panel panel panel panel
Register 3 Trunks Register 4 Register 5 Register 6 Register 7 Register 8
(28 maxi-
| mum)
i
Pulse generator | Connectors Connectors Connectors Connectors Connectors
alarm circuit (8) (8) (8 (8)
Classification Clock Trunks Connectors
(maximum (8)
28)
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1 frame with 2 couplers is equipped for &, 10,
or 12 registers.

6. Secondary Center

Table 2 shows an equipment layout for a
secondary center. All selections are performed
in one combined line-and-trunk selector. Special
attention was given during the equipment de-
sign to make extensions from 20 lines up to 200
in the most-economical way. The different steps
are indicated in the table. It is clear that such
an equipment can be divided into 2 rows if
this arrangement fits the available room better.

7. Satellite

For terminal satellite exchanges from 48 to
192 lines, a special design avoids the use of
register circuits.

For an incoming call, the marker circuit of the
satellite exchange receives the selection infor-
mation from the register of the main exchange
(2 or 3 digits and the class of service) and will

indicate by a single telegraph signal if the call
is successful or if some suitable code report
should be sent to the calling subscriber.

For an outgoing call, the marker detects the
calling condition and connects a free trunk.
The class of the calling subscriber is stored on
a multiple relay in the trunk circuit and is
transmitted to the main exchange as soon as a
register is connected. As soon as the selection
information has been received, the register will
send the tariff to be applied, if multimetering
is used, to the satellite,

As this exchange does not require permanent
maintenance personnel, alarms are automati-
cally transferred to the main exchange. This
type of exchange is designed for rapid and easy
installation as the cabling is of the plug-in type.

These exchanges can be used in the initial plan
in centers where a larger exchange will be jus-
tified later. The initial investment can be small
while still giving good service to the telex
subscribers.
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Microminiature Radio Altimeter

W. L. GARFIELD

Standard Telephones and Cables Limited; London, England

1. Introduction

The radio altimeter STR 70-P was developed
between 1963 and 1965 and entered production
in 1966. This low-level radio altimeter has
found wide application in a variety of aircraft
from supersonic fighters to helicopters.

1.1 SPECIFICATIONS

In 1963 the future of the aircraft industries of
Europe and the United States of America was
problematical, both in the military and civil
fields, particularly as to what types of aircraft
would be designed. The one fact that seemed to
be clear was that whatever aircraft emerged,
there would be a need for low-level radio al-
timeters for one purpose or another.

The uses of such altimeters for civil aviation
include : height indication, low approach, auto-
matic landing, and terrain warning. For mili-
tary aviation they also include terrain following,
helicopter auto hover, and ancillary uses in
weapons and reconnaissance.

From these many requirements a new altimeter
would need flexibility of application. Equally
important, and perhaps the main justification
for a new development, would be improved
reliability.

For these considerations the operational speci-
fication began to emerge and the main guide-
lines for the required characteristics were
stated as follows.

(A) The maximum working range to be 5000
feet (1500 metres), the normal military re-
quirement.

(B) From O to 500 feet (150 metres) it must
have characteristics suitable for automatic
landing.

(C) It must have characteristics suitable for
automatic terrain following.

(D) It must be capable of driving up to 4
indicators.

(E) It must be capable of simple integration
with one or more aircraft flight-control systems
requiring a variety of outputs.

ELECTRICAL COMMUNICATION

VYolume 42, Number 4

(F) It must be an order more reliable than
previous equivalent equipments.

(G) It must be flexible and simple to install.

1.2 OprrerATIONAL CHARACTERISTICS

The first decision to be made before develop-
ment began was on the basic measurement
techniques. It was decided that for a next-
generation equipment, radio ranging of a well-
established form should be wused. The only
question was should a pulse or a frequency-
modulated continuous-wave technique be used.
The latter was selected for several reasons.

(A) It is well established and is superior to
pulse techniques for automatic landing because
a pulse altimeter will detect the nearest object
such as a fence or landing light whereas the
continuous-wave system sees the total area of
ground below.

(B) It was desired to produce an all-solid-state
design and the generation of pulses of the
required peak power for pulse operation are
still beyond the present state of the semicon-
ductor art.

(C) In all other applications there is no evi-
dence that the frequency-modulated continuous-
wave technique is in any way inferior to pulse
techniques.

Extensive background experience established
basic parameters known to be satisfactory for
the landing function.

Frequency sweep
Modulation frequency
Output time constant
Accuracy

100 megahertz

300 hertz

0-25 second

* 2.5 feet (0-75 metre) =3
per cent and 1 foot (0-3
metre) at touchdown

From experience with Mark 7 and STR 43
radio altimeters, it was possible to establish the
following characteristics for the range from 500
to 5000 feet (150 to 1500 metres).

Minimum sweep
Transmitter power
Modulation frequency

10 megahertz
500 milliwatts
300 hertz
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In the Mark 7 altimeter the ranges were
switched, giving a 100-megahertz sweep from
0 to 500 feet (150 metres) and 10 megahertz
from 200 to 5000 feet (60 to 1500 metres),
while keeping all other parameters constant.

Accordingly, to provide a single continuous
range for the new design, it was decided to
make the sweep a constant 100 megahertz from
0 to 500 feet (150 metres) and then decrease
gradually to 10 megahertz between 500 and
5000 feet (150 and 1500 metres). This proce-
dure would give operational characteristics
known to be satisfactory.

The modulation frequency could evidently be
kept at 300 hertz for all purposes since by so
doing it was known to produce a fast enough
data rate to permit an output time constant of
0-1 second which, in turn, was known to be the
minimum likely to be required in any appli-
cation.

1.3 INTERFACE PROBLEM

The applications listed imply use of the altimeter
with a variety of different aircraft systems with
which it has to be interconnected. Undoubtedly
these systems will have a variety of output re-
quirements from the radio altimeter since, in
most cases, they have been designed and devel-
oped with no reference to the altimeter output
characteristics.

Accordingly, it was decided that there would
be (A) a permanent indicator output capable of
driving at least 4 indicators and (B) a small
interchangeable module to provide flexibility of
interface for various required outputs having
different slopes and polarities. These latter
would be installed as required by the users.

2. Constructional Techniques

The design of a frequency-modulated continu-
ous-wave radio altimeter breaks down naturally
into several parts determined by the frequency
at which they operate. These are the trans-
mitter, receiver, video and signal processing cir-
cuits, and power supply. The general division of
circuit functions is shown in Figure 1.
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2.1 TRANSMITTER

The operational considerations above show that
the transmitter should have the following char-
acteristics.

4300 megahertz
100 (= 50) megahertz
500 milliwatts

Centre frequency

Maximum sweep

Output power

Linearity of triangular
frequency sweep

Modulation frequency

better than 1 per cent
300 hertz

Since the transmitter was to be of semicon-
ductor construction, it was evident that it would
have to be of the varactor multiplier type be-
cause no transistor or other semiconductor os-
cillator was available having the required output
power at 4300 megahertz.

The initial design in 1963 used a transistor
oscillating at 67 megahertz and producing an
output of 12 watts. This stage was followed by

50 -HERTZ CONTROL

v |

50-HERTZ 300-HERTZ
DRIVE DRIVE CONTROL
TRAPEZO!D SQUARE UNIT
WAVE WAVE
| SWEEP CONTROL l
A 4
< CONTROL RESIDUAL
- UNIT HEIGHT
CONTROL
A
“NON—
FiLter [VIDEQ] AMPLIFIER- [PULSELL \\pag
> COUNTER COUNTER
VIDEO UNIT INDICATOR | ALARM
VIDEO FREQUENCY NON-
LINEAR
VIDEO TEST COUNTER
FREQUENCY OUTPUT|
POWER APPARATUS 7 INTERFACE
uNIT [ UNIT UNIT
115 VOLTS CL {
400 HERTZ LINEAR
OUTPUT
TRANSMITTER RECEIVER

A

MODU~ T
LATION CROSS
INJECTION

Figure 1—General division of functions in STR 70-P
altimeter.
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a varactor chain of multipliers which doubled
the frequency in each stage to 4300 megahertz.

At the time of the initial design the available
semiconductor devices made this the best line
of attack though it was realized that advances
in this art were being made so fast that higher-
frequency higher-power transistors would soon
be available. The idea was that as these became
available, they could be fitted into the chain at
higher frequencies, thus discarding more and
more of the lower-frequency elements until the
ultimate of an oscillator at 4300 megahertz was
reached.

The transmitter in production at the time of
writing uses a transistor oscillating at 287 mega-
hertz producing an output of 4 watts.

One of the problems always present in the
design of such frequency-modulated transmitters
is that of stabilizing the centre frequency and
ensuring linearity of sweep.

The oscillator must, of necessity, employ some
form of electronic tuning, and the varactor is
the only practicable solution. Unfortunately,
varactors do not possess linear capacitance/
voltage characteristics and even if they did it
would be very difficult to design a circuit that
had the necessary linearity of frequency/volt-
age law, especially over a large temperature
range.

There are two solutions to this problem. The
modulation waveform may be modified hefore
applying it to the tuning varactors, or a stable
method of continuously measuring the sweep
may produce feedback to ensure that what this
measurement method sees is identical with the
desired characteristic.

In the early models of the transmitter the first
method, which is essentially an open loop sys-
tem, was employed. However, it was evident
that the second method had advantages and this
has now been incorporated into the latest design
of transmitter. In essence, the oscillator operat-
ing at 287 megahertz has a small amount of
power (10 milliwatts) tapped from its output
and fed to an extremely stable linear discrimina-
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tor and produces a video signal proportional to
the oscillator frequency sweep.

This waveform is fed back in antiphase to the
varactor modulation input together with the
modulation waveform, and the degree of nega-
tive feedback is adjusted to give the desired
linearity of sweep with good margins. The
whole system is stable and linear over the tem-
perature range from — 55 to + 90 degrees
Celsius. The transmitter complete with its dis-
criminator and feedback system is packaged in
a single module.

The transmitter also provides 10 milliwatts at
4300 megahertz to serve as the local-oscillator
signal for the receiver. In addition, the main
transmitter output at the 500-milliwatt level
passes through a ferrite isolator to protect the
output varactor in case of accidental discon-
nection of load and to prevent reflections from
the far end of the transmitter aerial cable from
re-entering the transmitter and causing any
spurious altitude signals.

2.2 RECEIVER

There is less scope for fundamental changes of
technique in the receiver, and improvements are
chiefly in components.

Basically the receiver has not changed in con-
cept. It is a hybrid ring mixer with balanced
diodes; however, the following improvements
have been made.

(A) The hybrid ring is now a form of printed
circuit on high-quality dielectric material, thus
reducing its physical dimensions.

(B) In place of the previously used silicon
diodes, modern hot-carrier diodes are employed.

(C) The video preamplifier has been incor-
porated into the receiver package, and full use
is made of modern low-noise input-stage devices.

Point (B) is worth expanding. The frequency-
modulated continuous-wave altimeter is basi-
cally a zero-frequency intermediate-frequency
system and the bandwidth employed in the
video amplifier is in this case from 600 to
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50 000 hertz. This means that we are only con-
cerned with noise problems which arise in band.

Previously the main trouble has been low-
frequency or ‘“flicker” noise produced in the
mixer crystals. This was alleviated by the de-
velopment of crystals having low flicker noise
for Doppler navigator systems—but useful in
radio altimeters.

The other source of disturbance is low-fre-
quency interference. This phenomenon is caused
by any variation in amplitude of the local-oscil-
lator signal over the swept band or mismatches
in the mixer which give rise to a spurious signal
at the modulation frequency. Because of this
it is the normal practice to run the local-oscil-
lator-signal crystal currents much lower than
would be used for an amplitude-modulated sys-
tem, that is, at a level of 100 microamperes
where 1 milliampere would be normal.

When using hot-carrier diodes, which normally
run at higher currents than silicon diodes, it
is necessary to apply forward bias if weak
local-signal injection is used, and by this means
both low-frequency interference and low-fre-
quency noise are minimized.

The other advantages of hot-carrier diodes are
size, robustness, and high burnout level. These
characteristics enable the diodes to be soldered
directly into the hybrid ring thus eliminating
crystal holders, which have long been a source
of contact problems.

The entire receiver achieves a noise figure al-
most 6 decibels better than previous altimeter
receivers and is packaged in a module size
which contains an input ferrite isolator, mixer,
and video preamplifier.

2.3 Vipeo CIrCUITS

The video circuits, which are the most complex
parts of the altimeter, also break down naturally
into sections by function as follows: video am-
plifier, frequency counter or counters, and su-
pervisory or flag circuits.

The major decision was, of course, what type
of circuit elements to use. From the perform-
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ance point of view no difficult parameters are
involved, the amplifier bandwidth being about
50 kilohertz maximum and the counter maxi-
mum counting rate for linear operation being
of the same order.

In 1963 there were three principal types of
circuit elements that could be considered: sili-
con transistors, thin-film circuits, and integrated
solid circuits (monolithic).

It is difficult to realize now that in early 1963
linear monolithic circuits capable of useful gains
at 50 kilohertz were not easily available. Thus,
the choice lay between transistors and thin-film
circuits.

It is necessary to consider the reasons why
microelectronic circuits are desirable in an
equipment such as this. The prime purpose is
improvement of reliability and for this reason
the relative techniques need careful considera-
tion and comparison.

The thin-film circuit, in 1963, offered great
flexibility of design, since it was possible to
have specific circuits designed and manufac-
tured for the particular altimeter development.
This in turn means that, with careful rationali-
zation, circuits could be produced which needed
very few external conventional components to
be associated with them. In addition, as at mid
1963, the frequency response obtainable with
thin-film circuits was much wider than that
with equivalent monolithic circuits.

Of course the thin-film circuit has to have the
active silicon elements (transistors and diodes)
applied to it and this introduces additional
joints which, though undesirable, are also un-
avoidable.

However, it was decided to make a first model
of the new-generation altimeter using thin-film
video circuits. This was accomplished by the
spring of 1964 and was packaged in an Arinc
(Aeronautical Radio, Incorporated) standard
box of 1 short half-height size. It had no al-
ternating-current power supply and operated
from 28 volts direct current; it was designated
STR 70-G.
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Before proceeding to the next phase of develop-
ment it is worth while looking at the new ideas
in operational techniques which we were devel-
oping at this time in parallel with construc-
tional methods.

The STR 70-G was of all-solid-state design us-
ing the first design of transmitter described
above and with thin-film microcircuits, but in
operational techniques it was a duplicate of a
previous altimeter, the STR 40.

But the transmitter, being electronically modu-
lated, offered a flexibility of modulation not
available in previous altimeters using klystron
or triode valves. These latter commonly em-
ployed mechanical modulation which nearly al-
ways produced sinusoidal sweep characteristics.
This, in turn, resulted in a beat-frequency sig-
nal out of the receiver which, at any one alti-
tude, contained a broad band of frequencies the
maximum of which was 1-6 times the mean.

With electronic modulation a linear triangular
waveform can be applied which more nearly
approaches the optimum giving a constant-
frequency beat tone over the sweep at a fixed
altitude.

Furthermore, it now becomes possible to apply
complex forms of modulation which bring im-
portant advantages. The latest altimeter, the
STR 70-P, employs a complex modulation
waveform which not only eliminates step error
but ensures that interference cannot occur be-
tween altimeters in multiple systems whether
on the same aircraft or adjacent.

New circuits for the production of controlled
sweep amplitude (frequency excursion) had
also been developed and the nature of these
circuits was to have a bearing on the circuit
elements chosen for the next phase of develop-
ment.

By the end of 1964 it was evident that develop-
ments in linear monolithic circuits had caught
up with thin-film circuits in the frequency range
of interest. In particular, the balanced opera-
tional amplifier and some switching elements
seemed to be suitable for this application.
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In addition, monolithic circuits were now very
much smaller than thin-film circuits and the
problems of diffusing resistance and capacitance
elements into silicon chips had been more suc-
cessfully overcome than those of depositing
active elements on thin films.

However, the advantages are not all one way.
To have special monolithic circuits designed and
manufactured for a specific equipment is pro-
hibitively expensive, and they could not be
made in sufficient quantities to guarantee effec-
tive quality control.

This meant the use of standard off-the-shelf
elements which were made in large numbers
and with adequate quality assurance pro-
grammes.

Since these circuit elements are not designed
specifically for the radio altimeter, a fairly large
number of conventional components must be
associated with them.

However, miniature resistors of metal-oxide
film type and miniature glass-encapsulated ca-
pacitors were available and reliable.

So it was decided that for the production form
of the radio altimeter, maximum use would be
made of monolithic circuits, accepting that a
fair number of discrete components would also
have to be used, but that these latter would be
carefully selected from types of known reliabil-
ity and in large-quantity production with ade-
quate quality control.

Having made the decision to go over to mono-
lithic circuits, the choice of package remained
to be resolved. There were, at the time, two
packs available, the transistor-case type and
the flat pack.

For mechanical application, the transistor-case
type has the advantages of proved mechanical
design, no teething troubles, and no require-
ment to weld: but, with its peripheral attach-
ment space, it was larger. It is nearly always
attached by conventional soldering and repre-
sents an intermediate stage between the tran-
sistor and the flat pack.
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To obtain the very best reliability from flat
packs it is necessary to weld them into the
circuit and this necessitated a detailed pro-
gramme of microwelding research relating to
production-line methods. A technique using a
printed-circuit board of conventional type hav-
ing a copper track, which is given a gold flash,
was adopted. The flat packs were welded onto
the track side of the board and the conventional
components were placed on the opposite side
with their wires passed through holes and
soldered on the track side.

The welding process is continuously controlled
in production and carried out in clean-room
conditions as is in fact the entire altimeter
assembly procedure.

Figure 2 shows the assembly of conventional
components to a board which already has the
flat packs welded on.

24 PackaGe Form

It might have been difficult to decide the shape
and size of the transmitter/receiver unit for
this new altimeter against a general back-
ground of multipurpose requirements. However,

Figure 2—Operator assembling conventional compo-
nents to a printed-circuit board, which already has flat
packs welded on to the opposite side. A complete STR
70-P unit with covers removed is in the lower right

corner.

the decision was literally made for us by the
necessity of fitting to one particular aircraft.

This is a very-high-performance supersonic
fighter /bomber and the only available space for
the radio altimeter dictated the package size
and shape which the altimeter now has.

The important question once again was whether
to modularize, how much in each module, how
to interconnect, what should be repairable and
what not, and all the usual problems.

Certain parts such as the transmitter, receiver
head, and power supply became modules quite
naturally. But the entire video system could be
arranged almost any way.

Now it is well known that the biggest menace
to reliability in any airborne equipment is con-
nectors, particularly plugs and sockets. Yet if
easily replaceable modules are the aim, they
must be used.

The philosophy of construction was simply that
of using the minimum number of interconnec-
tions among modules. This was aided by decid-
ing that all modules are repairable and thus
larger modules can be used than if they had
to be throw-away items.

Finally 6 main modules were evolved and these
are shown detached from the chassis in Figure
3. The video unit, extreme left, has two sections
which are plugged and screwed together and
either may be replaced or the entire video unit
replaced as a whole.

The chassis contains no active part of the cir-
cuit and is merely an interconnection and sup-

port means.

2.5 ALTERNATIVE PACKAGING

Tt will be evident that circumstances have dic-
tated that the package form of the first design
of this altimeter is military orientated.

Tt is also clear that the modules lend themselves
to packaging in different shapes of case and
alternative designs are already under way.
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For military purposes the original configuration
is satisfactory and no difficulty has been en-
countered in fitting it in seven different types
of aircraft; this is of logistic importance to the
Armed Services.

However, civil aircraft users are less flexible
in their requirements because of the cost of
deviating from international packaging speci-
fications, and it is this class of user for whom
the same modules can be repackaged.

3. Conclusion

It is too rare in the art of electronics that the
pursuance of a technique for its own sake
brings beneficial side results. In this case how-
ever, the adoption of solid-state microwave
techniques together with microcircuits in the
search for high reliability results in an equip-
ment that is substantially smaller and lighter
than its predecessors, has lower power require-
ments, and is more rugged.

In addition, the flexibility which these new
circuit elements give results in greater opera-
tional margins by permitting new circuit tech-

oy

Figure 3—Modular construction of STR 70-P. From

the left are the video unit, transmitter (front) and

apparatus unit, chassis that has no active circuits but

serves only for support and interconnecting, receiver

(front) and power unit, and at extreme right the

interface unit. The 3 units at the right are accommo-
dated in the right half of the chassis unit.
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Microminiature Radio Altimeter

niques to be applied. Figure 4 shows the com-
plete altimeter system with one type of antenna
and indicator.

What, then, is the next step? Gunn effect
devices, together with multielement silicon chip
devices, and many other new techniques are
becoming available, so perhaps the next genera-
tion of radio altimeters will find the transmitter-
receiver box eliminated, with the radio-fre-
quency system integrated into the antennas and
the signal processing circuits built into the
indicator. It depends upon how reliable we can
make the system, and to this the component
manufacturers largely hold the key.
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Alexander Receives Wire Association Medal

D. C. Alexander, Vice President of Engineer-
ing of ITT Wire and Cable Division, received
the medal award of the Wire Association for
his paper “Impulse Dielectric Testing Applied
to Insulated Wire.”
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The paper was presented at the Los Angeles
Regional Meeting of the Wire Association on
17-18 February 1966. The award was con-
ferred at the meeting of the Electrical Conduc-
tor and Non-Ferrous Wire Division in Buffalo,
New York, on 12-13 April 1967.
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Predicted Air-Traffic-Control System Realized

Over two decades ago there appeared in Electrical Communication a survey paper outlining a co-
ordinated system of radio aids to air navigation and traffic control. This comprehensive system
was designed to be adopted in stages because any abrupt change from the several uncoordinated
systems then in use would not have been economically feasible. One of the last elements of the
proposed system to be put in service was installed in 1967 and a report on this achievement is re-
printed below together with the corresponding discussion in Electrical Communication.

New System Sends Altitude of Aircraft to
L. I. Control Unit

(Reprinted in part from the New York Times
of 14 February 1967.)

The $2 million installation in the Federal Avia-
tion Agency’s New York air traffic control
center here enables any aircraft that has the
necessary equipment to transmit its identity
and altitude for display directly on the center’s
radar screens.

The information, beamed to a radar antenna as
coded pulses, is processed by a computer in the
center. It shows up on the screens used by
air traffic controllers as a rectangular ‘“tag”
next to the plane’s image. As the image moves,
the tag moves with it.

Without such a tag a controller has no way of
discerning from his screen the altitudes of the
respective planes he is concerned with.

Purses TRANSMITTED TO (GROUND

Heretofore, the only way the controller had of
knowing a plane’s altitude was to call the pilot
by radio and ask him.

With the new device the controller need only
refer to the screen. Once a pilot turns on his
transmitting “beacon” the pulses to ground
operate continuously and automatically. Any
deviation in altitude of 100 {feet or more is
instantly recorded on the ground.

Several advantages are cited by the F.A.A,
Among them are the following:

It will enable the controller to see for himself
the plane’s actual altitude at all times, not just
when the pilot tells him.

It will reduce the chances of error caused by
misunderstanding between pilot and controller.
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It will help reduce the clutter on already over-
laden communications frequencies between air
and ground. One controller estimated that half
such clutter is controller altitude requests and
pilot responses.

It permits the controller to dispense with plastic
markers he now places alongside planes to iden-
tify them, and which he must move manually
to keep next to images of the planes they re-
fer to.

It eliminates the possibility that a plastic marker
may accidentally be placed next to the wrong
plane.

The FAA system is called NYCBAN (pro-
nounced NICKban) for New York Center
Beacon Alpha Numerics. The term “alpha nu-
merics” refers to the use of alphabetical letters
and numbers on the radar screen.

Aerial Navigation and Traffic Control
with Navaglobe, Navar, Navaglide, and
Navascreen

(Reprinted in part from a paper by H. Busig-
nies, P. R. Adams, and R. I. Colin, then of
Federal Telecommunication Laboratories, pub-
lished in Electrical Communication, volume 23,
number 2, pages 113-143; June 1946).

It is clear that the ultimate goal envisaged
should involve considerably more complete ser-
vice than the mere provision of beacon-assisted
radar displays on the ground, and distance and
azimuth indications in the airplane. A series
of additional functions beginning to be recog-
nized as ultimately desirable, is the automatic
reporting of such data as identity and altitude
to supplement the plan-position information
provided by the responder-assisted surveillance
radars on the ground.
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There is general agreement that some sort of
identification must. be given. There is somewhat
less agreement with respect to the extent of
identification information which should be
given; also, with respect to the question of
whether altitude information could be given
by responder beacons or be determined by
height finders on the ground. Federal’s position
on this question is that the identification infor-
mation should be given in a form capable of
handling a very large number of different iden-
tification codes so that each airplane may have
a permanently assigned identification code.

In respect to altitude information, it is felt that
the desirable accuracies of altitude determina-
tion are of the order of 100 feet or so and,
therefore, ultimately satisfactory control cannot
be achieved at reasonable distances by unas-
sisted height-finder techniques. It is accord-
ingly believed to be necessary, ultimately, to
provide some sort of altitude information by
responder action.

488 ELECTRICAL COMMUNICATION

In addition to providing the ground with the
above-mentioned extra information, with respect
to altitude and identity, it is believed that the
ultimate goal should also include some means
for producing a single integrated pictorial dis-
play. In such a display the plan-position infor-
mation from the plan-position-indicator (PPI)
scopes, and the altitude and identification in-
formation transmitted by the responder beacons,
are combined in a simple readily readable form.
This information should additionally be made
available for controlling, computing, recording,
tabulating, and predicting mechanisms of vari-
ous types not vet clearly foreseen. Hence, it
appears desirable to add the requirement that
the information on the ground should not only
be displayed in an integrated pictorial form,
but should also be translated into the form of
positive “tele-control” signals such as telegraph
or selsyn signals which are readily adaptable
for remote transmission and for controlling
electromagnetic mechanisms. '
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Silicon Planar Transistors and Diodes for
Deep-Water Submarine Cable Repeaters

J. M. GROOCOCK

Standard Telephones and Cables Limited; London, England

1. Introduction

For many years the manufacture of electronic
components for use in submarine repeaters has
been a specialized activity of a small number of
firms. The very serious disruption of important
communication links, loss in revenue, and high
cost of repair caused by any failure of a sub-
marine repeater necessitate an extremely high
level of reliability for the repeaters themselves
and for the components used therein.

Virtually all the commercial submarine repeat-
ers presently operating use electronic valves,
not transistors. To a considerable extent this
has been because transistors, despite their
claimed high reliability, have been regarded as
new unproved devices by the submarine re-
peater makers, and it is certainly true that the
several decades of reliable valve operation can-
not be matched by transistors. In this paper the
methods used to manufacture silicon planar
transistors for the first major application of
such components in deep-water submarine re-
peaters, together with the associated semicon-
ductor diodes, are described, and also the
methods used to give the required reliability
assurance.

These semiconductor devices have been sup-
plied for use in the submarine repeaters of a
number of cables to be manufactured and in-
stalled by Standard Telephones and Cables, in-
cluding that to be laid between the United
Kingdom and Portugal. This cable will have
480 two-way 4-kilohertz circuits with a total
bandwidth of 5 megahertz and it is due to be
operational by the spring of 1969.

2. Electrical Specification of the
Transistors and Diodes

The transistors and diodes were for use in the
supervisory circuits of the repeaters. The basic
requirements were for an n-p-n silicon planar
transistor in the 705 encapsulation with a
minimum fp of 300 megahertz and a 25-volt
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Ver rating and for a silicon planar diode with
a 4-nanosecond reverse recovery time and 100-
volt reverse breakdown. Summaries of the two
specifications are given in Tables 1 and 2.

3. Reliability Requirements

The Submerged Repeater Division of Standard
Telephones and Cables required for reliability
for submarine cable repeater service that on
test there be no more than 1 transistor failure
in 1200 during 4 years of operation, and no
more than 1 diode failure in 2400 during 4
years of operation. Finally, a 20-year life was
required for the devices and the failure rate
must not rise during this period.

4. General Principles of Production and
Test

In supplying these transistors and diodes for
submarine repeater use there were two reliabil-
ity problems: (A) to make devices having the
required reliability and (B) to obtain satis-
factory assurance that this reliability level had
been achieved.

The techniques currently used by S.T.C. Semi-
conductors for making standard silicon planar
devices for civil and military applications,
which have been successively upgraded by a
series of reliability improvement exercises since
manufacture started in 1961, were basically
quite capable of providing the required re-
liability. It was therefore decided that no de-
parture should be made from these methods.
Especially high reliability would be achieved by
meticulous control of pieceparts, processes, and
sub-assemblies and by very careful screening of
the finished devices. It was believed that this
approach was much more sound than the alter-
native of introducing new processes and tech-
niques, however attractive these might appear,
which had not been proved by a long period of
mass production.

The same principle was adopted with regard
to the assembly operations. These were carried
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out by a small number of the normal production
operatives, selected because they were known
to produce work of particularly high quality
and consistency. The alternative of recruiting
and training special operators was not adopted.
Reliance was placed upon repeated and careful
100-per-cent inspections under the supervision
of the development and quality-control en-
gineers, by precise record keeping, and also by
ensuring that the total process time was kept
to a minimum so that sub-assemblies were not
held at any stage longer than necessary.

One other major decision was taken for reasons
of reliability. This was to encapsulate the diode
in a standard 7018 metal transistor can using
transistor techniques. There is no difficulty at
all in doing this. Conventional transistor as-
sembly methods are equally applicable to di-
odes; they are not normally used for reasons

of cost and size, neither of which was of major
importance in this case. The advantages of the
metal-can approach were that essentially only
one encapsulation technique had to be controlled
to the high level of quality required rather than
two, and in addition it is probable that it is
more difficult to achieve very high reliability
using the conventional glass diode encapsula-
tion (D07) than the transistor encapsulation.
This is because in the former both pressure and
solder contacts are used for internal bonding,
whereas in the latter all joints are made by
either alloying or thermocompression bonding.
In addition it is extremely difficult to control
the atmosphere within the glass envelope of a
conventional diode.

For the reliability assurance, separate proce-
dures were carried out to cover the electrical
reliability and the mechanical reliability, for

TABLE 1
ELECTRICAL SPECIFICATION OF #-p-# SILICON PLANAR TRANSISTORS
All Characteristics at 25 Degrees Celsius
Limits
Characteristic Symbol Test Conditions Unit
Minimum | Maximum
Collector-base cut-off current Icmo Ves =30 volts — 10 nanoampere
Ip =0
Collector-base breakdown voltage|  Var(cno) I¢ =10 microamperes 45 — volt
Ig =
Emitter-base breakdown voltage VBrEBo) Ir =10 microamperes 5 — volt
Ip =
Collector-emitter sustaining VR sust) (CE0) I¢ =10 milliamperes 25 — volt
voltage (pulsed)
. Iz =0
Large-signal current gain hrg Ver= 1 volt 50 200 —
I¢ =10 milliamperes
Collector-emitter saturation V or (sat) I¢ =10 milliamperes — 0-5 | volt
voltage Ip = 1 milliampere
Base-emitter saturation VBE (sat) I¢ =10 milliamperes — 0-9 |volt
voltage Ir = l1milliampere
Small-signal forward-current Bre Ic¢ =10 milliamperes 3 —
transfer ratio Vee=15 volts
=100 megahertz
Output capacitance Ca Vep= 5 volts — 6 picofarad
I E = O
f =100 kilohertz
Emitter transition capacitance Crg Ve =0 5 volt — 10 picofarad
I =
f =1 O kilohertz
78+ Ce product 725 Co Ic =10 milliamperes — ‘ 300 picosecond
Ver=10 volts
f =40 megahertz ‘
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example, to eliminate the possibility of failure
due to internal bonds breaking. In both cases
considerable use was made of overstress meth-
ods. The final mechanical test (see Section 6)
and the long-term electrical burn-in (see Sec-
tion 7) were essential parts of the reliability
assurance procedure. They were intended to
give proof of the achievement of the reliability
levels specified in Section 3. More failures than
the acceptable number would have indicated
that the required reliability had not been
achieved and would have failed the entire lot.
Although these tests were applied to the devices
for actual installation in the repeaters, it was
not assumed that the tests provided effective
screens and that failed devices could be rejected
leaving a reliable residue,

For both the mechanical test and the burn-in,
sample sizes were used which were sufficiently
high to give statistical assurance of the failure
proportion required. It was not, of course,
possible to apply 4 years of testing. The equiv-
alent of testing for 4 years was obtained for the
mechanical test by using a very extreme
mechanical/thermal overstress, and for the
burn-in by carrying out 3 months of testing
using the actual operation conditions of the
submarine repeater, but raising the case tem-

Transistors and Diodes for Submarine Cables

perature sufficiently to give an acceleration of
16 times (ratio of 4 years to 3 months).

Because the actual devices for use in the re-
peaters were subjected to these tests, unless
the failure rate in the actual 4 years of operation
was higher than that revealed in the equivalent
of 4 years of testing, the reliability requirements
would be met. Tt is almost universal experience
that failure rates for semiconductor devices fall
rather than increase. In addition tests carried
out on samples (not for use) at much higher
overstress levels, which provided the informa-
tion on the acceleration factor needed for the
burn-in, also showed that no significant part of
the life of the devices was used up in the
burn-in and that no wear-out failure mech-
anisms were induced (see Section 8).

5. Production Methods

For the manufacture of the high-reliability
transistor there are a total of 78 different pro-
cess and inspection operations involving 124
detail specifications covering the stages from
the silicon slice input to the completion of
assembly and encapsulation. No attempt will
be made to summarize these operations. An
account will merely be given of some of the

TABLE 2
ELECTRICAL SPECIFICATION OF SILICON PLANAR Diobpe
All Characteristics at 25 Degrees Celsius

Limits
Characteristic Symbol Test Conditions Unit
Minimum | Maximum
Reverse leakage current Ir Vr = — 20 volts — 25 nanoampere
Reverse leakage current Ir Vg = — 75 volts — 5 microampere
Reverse voltage Ve Iz = 100 microamperes —100 — volt
Forward voltage Vi Iz = 10 milliamperes — 1 volt
Capacitance C Ve= 0 —- 2-2 picofarad
f = 100 kilohertz
Reverse recovery time ber Ip = 10 milliamperes to Ir = 1 milli- — 4 nanosecond
ampere, Vg = 6 volts, R, = 1000
ohms
Forward recovery Vir Ir = 50-milliampere square wave, pulse — 2.5 | volt
peak voltage width = 140 nanoseconds, rise time
= 10 4= 0-5 nanoseconds, repetition
rate = 90 kilohertz
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inspection procedures used especially for high-
reliability purposes and of the results obtained.
A complete record was kept of the movement
of each slice through the various diffusion
stages and similarly of each sub-lot through
the various assembly stages. All rejected devices
were labelled and routed to the Engineering
Department for retention. An example of the
sheet used for recording the assembly stages is
given in Table 3.

Each inspection was described in a detailed
specification. For example, the engineering in-
spection after thermocompression bonding is
performed at a magnification of 50 times. The
specification calls for examination in turn of
each post bond, the aluminium wires themselves,
each die bond, the die, and finally the header.

On this one specification 24 detailed inspection
features are covered.

6. Testing of Encapsulated Devices

On completion of the assembly the devices were
subjected to a series of 100-per-cent tests. First
they were tested electrically to the specifications
given in Tables 1 and 2. The devices meeting
the specification were then subjected to 5 tem-
perature cycles between —55 and 4150 degrees
Celsius using the standard United Kingdom
military temperature cycling procedure (Spec-
ification K1007—Method 5.5). They were then
subjected to 20 drops on a tumble test which
imparted shocks of greater than 10000¢ [1].
This procedure has been found to be most effec-
tive in detecting weak bonds in high-frequency

TABLE 3
AssEmMBLY BatcH RouTe CARD
Type TED 1163 Slice Number 595/9 Batch Number 6 * Process Information
Header TO5 Can Embossed Deleted
. Device Quantity n ion
Process Description I%agtgsx)n — D(alt,geﬁg;xt Ogclf)itkor Reason Failed TZ‘:&;Z‘" Time ILSeIz/eecltin
Number Per Cent
In | Out { Failed
Dice clean 17Nov| — | — | — 117 Nov| — — — — —
Friction alloy 18 Nov | 100 | 100 0 |18 Nov | 11226 — * -— -
Inspect 18 Nov | 100 | 100 0 |18 Nov | 11285 — — — 10
Therrr(liocompression 19 Nov | 100 | 99 1 119 Nov| 11229 - — — —
bon
Inspect 19 Nov| 99} 99 0 |19 Nov| 11286 — — —_ 10
Engineering in-! 19 Nov| 99 80| 19 |19 Nov| 12013 | 2 damaged wires — — 100
spection 5 aluminium over
junction
4 spread bonds
2 broken bonds
2 chipped dice
4 reject dice
Quality assurance 22 Nov| 80| 80 0 |22 Nov| 10010 — — — 20
inspection
Process* 22 Nov| 80| 80 0 |24 Nov| 11270 — * * —
Inspect 24 Nov| 80} 80 0 |24 Nov | 12013 — — — 20
Quality assurance 24 Nov | 80| 76 4 |24 Nov | 10010 | 2 defecttve process — — 100
inspection 1 broken bond
1 spread
aluminium
Encapsulate 24 Nov| 76| 76 0 |24 Nov| 11221 — — -— —
Engineering in- 25 Nov| 761 76 0 |25 Nov| ERM — — — 100
spection
Wash 25 Nov | 76| 76 0 |25 Nov | 11700 — — — -
To Engineering 25 Nov | 76
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TABLE 4
REesuLTs oF THERMAL/MECHANICAL TesT ON TRANSISTORS AND DIODES
Failure Proportion
Numb f
Device Nl%?t‘e)gr lll)rgviegeo -
Failures 90-Per-Cent Confidence { 60-Per-Cent Confidence
Transistor 2642 0 0-087 per cent (1/1150) \ 0-035 per cent (1/2800)
Diode 4793 0 0-048 per cent (1/2070) | 0-019 per cent (1/5150)
All devices | 7435 0 0-031 per cent (1/3200) | 0-012 per cent (1/8000)

silicon planar transistors and is considerably
more searching than any other mechanical test
(for example, centrifuging) or thermal test
done separately. The results obtained are sum-
marized in Table 4.

The diode, as noted above, was mounted on a
transistor header. Advantage was taken of this
to make separate connections to the “emitter”
and “base” leads so that redundancy was intro-
duced into the internal connections. In fact, on
one diode one of these connections failed during
test. This did not cause a device failure and
would not, of course, have produced any mal-
function of the repeater in actual use. None-
theless the device was excluded.

The devices were then tested 100 per cent for
hermeticity. A helium mass spectrometer unit
was used applying a limit of 5 X 107 atmo-
sphere cubic centimetre per second. This was a
true screening test, defective devices being
screened out and the assumption being made
that devices passing the test would remain
hermetic subsequently. This assumption was
checked when a much finer test, using the
radio-active-krypton method, was performed
immediately prior to shipping the devices (see
Section 9). -

The results of the helium mass spectrometer
test are given in Table 5.

7. Burn-In

A few of the transistors and diodes passing the
helium hermeticity test were used for small
sample evaluations and the rest were measured
100 per cent for I¢po, Vercaty, Ve, and hpg
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TABLE 5
Resurrs oF Hevium HerMmETIcITY TEST (TO

LiMit oF 5 X 1077 ArmospHERE CUBIC
CENTIMETRE PER SECOND)

Device i Transistor Diode
Number tested | 2642 4793
Number failed | 1 7

for the transistors and Vp, 'y, and Iy for the
diodes, at the conditions given in Tables 1 and
2 respectively. Automatic measuring equip-
ment contained in a room maintained at 25 = 1
degrees Celsius was used. So that there could
be no doubt about the correctness of the mea-
surements, each characteristic was measured
three times.

Then 2557 transistors and 4743 diodes were
soldered into the burn-in rack shown in Figure
1. This rack applied the submarine repeater
operating conditions of V¢z = 9 volts, Io = 0-5
milliampere to the transistors, and Ip = 1 milli-
ampere to the diodes. The power was supplied
from lead-acid storage batteries, which were
physically disconnected from the semiconductor
devices during charging. There was therefore
no chance of voltage spikes being applied to the
devices.

The burn-in was continued for 3 months and
for this to be equivalent to the required 4 years
of operation an acceleration factor of 16 times
was obtained by raising the ambient temper-
ature to 70 degrees Celsius. This was achieved
by circulating thermostatically controlled heated
air through a closed loop within the burn-in
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rack. The condition of the devices during the
burn-in was monitored from time-to-time by
switching off the power supply and applying
very-low-energy probes to each device in turn.
These probes measured the gain of the tran-
sistors at a current of 25 microamperes and the
forward current of the diodes at a "y of 350
millivolts. At the completion of the burn-in the
devices were checked in the same manner for
failures. The results obtained are given in
Table 6.

The reliability requirement specified in Section
3 is again satisfied. The equivalent failure rates
given in Table 6 are the maximum failure rates
(at the specified confidence level) which are
expected to be possible for operation of the
devices in the submarine repeaters.

On removal from the racks all the devices were
remeasured for the characteristics measured
before burn-in. Again the measurements were
repeated twice. Although the actual usage of

the devices in the submarine repeaters was in-
sensitive to changes in characteristics, it is of
interest to record some of the results obtained.

For the first 1000 devices measured, Table 7
gives a grouped frequency table of the per-
centage change of gain produced by the burn-in.
This gives a clear indication of the character-

TABLE 6

ResuLts oF 3 MoNTHS BURN-IN (EQUIVALENT
T0 4 YEARS OPERATION) ON TRANSISTORS
AND DiopEs

Device ;rliztlg; Diode A\Ell Clgse»
Number Tested 2557 4743 7300
Number of failures 0 0 0

Failure pro- 90-per- | 0-090 | 0-049 0-032

portion in cent
per cent confi-
dence

60-per- | 0-036 | 0-020 0-013

cent
confi-
dence
Equivalent 90-per- | 0-0026/ 0-0014 | 0-00091
failure rate cent
in per cent confi-
per 1000 dence
hours |
60-per- | 0-0010] 0-00057 | 0-00037
cent
confi-
dence
TABLE 7

PERCENTAGE CHANGE OF GAIN PRODUCED
BY BURN-IN

\

‘ Number of Devices

Range of Change -
in Per Cent

Gain Gain
Decreased Increased
0-1 124 446
1-2 9 299
2-3 3 103
Figure 1—Life test rack on which 2557 transistors and >3 2 —
4743 diodes were burnt-in for three months, without i:‘;’ == 1(7)
any failures. The rack applies the submarine repeater 56 = I
operation conditions with an elevated device case >6 A 1
temperature.
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istic stability of the devices. A probability-paper
plot of the actual results (not reproduced here)
showed that the distribution of gain changes
was normal from the 0-5th to the 99th percent-
ile. Other characteristics had similar stability.

8. Overstress Tests

As noted in the last section the burn-in was
carried out under a condition more extreme
than the actual usage so that the 3-months
burn-in was equivalent to a much longer period
of operation. A series of severe overstress
tests was carried out with the intention of
determining the acceleration factors involved.

Several years reliability testing experience of
commercial devices made by essentially the
same technology had indicated that catastrophic
failure could be best revealed by testing at
temperatures in the range from 200 to 280 de-
grees Celsius. Accordingly samples, each of 50,
of the submarine repeater transistors and diodes
were tested at 240 and 280 degrees Celsius.
However, these devices had such high reliability
that even after over 6 months testing (4900
hours) there had been no catastrophic failures
and the characteristics showed little change.
Changes in collector-emitter saturation voltage
are possibly the best indication of incipient
catastrophic failure in these transistors. In this
experiment after 4900 hours at 240 degrees
Celsius only 2 of the 50 transistors showed
saturation voltage changes of greater than 5
millivolts (15 millivolts and 17 millivolts), and
for these 2 devices the changes had occurred
early in life and the saturation voltages had
then become stable. Similarly at 280 degrees
Celsius there were 4 devices showing changes
greater than 5 millivolts (7 millivolts, 12 milli-
volts, 21 millivolts).

Table 8 gives a grouped frequency table of the
percentage change in gain produced by the 4900
hours at 280 degrees Celsius. Very similar
changes were produced by storage at 240 de-
grees Celsius.

While these results give valuable qualitative
evidence for the reliability of the submarine
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TABLE 8
PrrcenTaGE CHANGE oF GAIN PRODUCED BY

4900 Hours AT 280 DrGrers CELSIUS

Number of Devices

Change in Gain
in Per Cent . -
Gain Gain
Decreased Increased

0 1 _

1 1 4

2 1 5

3 - 9

4 — 8

5 1 5

6 — 1

7 - 3

8 - I 4

9 2

10 — 2

11 — 1

18 —_ 1

repeater devices they do not enable quantitative
acceleration factors to be calculated. The actual
acceleration factors used had therefore to be
based upon experience with commercial devices
made with an essentially similar technology.

In a typical series of experiments carried out
on these commercial devices, samples of 200
were taken from a series of 5 lots. Each sample
was carefully randomized and half stored at
275 degrees Celsius and the other half at 300
degrees Celsius. Measurements were made at
0, 720, and 934 hours on devices stored at 275
degrees Celsius and at 0, 72, and 144 hours on
those stored at 300 degrees Celsius. Using a
failure criterion of an increase of collector-
emitter saturation voltage (at [y = 10 milli-
amperes, [p = 0+3 milliampere) from less than
300 millivolts to greater than 400 millivolts the
results given in Table 9 were obtained.

The results show that a change of temperature
from 300 to 275 degrees Celsius increases the
time for a given proportion of failures by a
factor of 3-8. By assuming that the Arrhenius
equation applies, the activation energy for the
failure mechanism was found to be 38 kilo-
calories per mole [2]. This in turn was used to
calculate the temperature at which the failure
rate is reduced by a factor of 16 relative to the

1967 495



Transistors and Diodes for Submarine Cables

TABLE 9

REsULTS OF STORAGE TErsTs AT 275 anp 300
DeGREES CELSIUS ON COMMERICAL TRANSISTORS

Number Pe;(g::nt-
Tested at 275 degrees Celsius
(5 lots) 489 —
Failed at 720 hours 207 42-4
Failed at 934 hours 256 52-5
Tested at 300 degrees Celsius
(5 lots) 476 —
Failed at 72 hours 59 12-4
Failed at 144 hours 156 32-8

burn-in temperature of 70 degrees Celsius. The
value thus obtained was 54 degrees Celsius.
Other experiments have given lower values of
the activation energy down to 25 kilocalories
per mole (1-1 electron-volts per atom). For
this latter value the limiting temperature is 46
degrees Celsius.

In fact the repeaters themselves will operate in
an ambient at a maximum temperature of 10
degrees Celsius and the temperature rise within
the repeater will be 20 degrees Celsius, giving
an anticipated maximum transistor case tem-
perature of 30 degrees Celsius. With either of
the applied activation energies, there is there-
fore a considerable safety factor.

The 20-year life requirement (see Section 3)
is also covered by these results. The high over-
stress tests described at the beginning of this
section indicate that there is no wear-out
mechanism. The failure rate must therefore be
expected to fall rather than rise with time.
Achievement of the 4-year requirement there-
fore assures achievement of the 20-year re-
quirement.

An alternative approach is to express the re-
liability requirement of Section 3 as: (A) no
more than 5 transistor failures in 1200 in 20
years of operation and (B) no more than 5
diode failures in 2400 in 20 years of operation.
For the 3-months operation to be equivalent to
20 years requires an acceleration factor of 80
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times. For this factor an activation energy of
38 kilocalories per mole gives a limiting tem-
perature of 45 degrees Celsius and an activation
energy of 25 kilocalories per mole gives a limit-
ing temperature of 33 degrees Celsius. Both are
higher than the anticipated maximum transistor
case temperature of 30 degrees Celsius. Use of
an acceleration factor as high as 80 is undesir-
able. However, this is more than compensated
for by the fact that the burn-in (see Table 6)
gave zero transistor failures and zero diode
failures, whereas for the quantities tested the
reliability requirement would have been met if
as many as 10 failures of each had occurred.

9. Hermeticity Testing by the Radio-active-
Krypton Method

As a final screening test after the completion
of the burn-in and the post-test measurements,
all of the devices were measured for hermeticity
using radio-active krypton.

The method which is about 1000 times more
sensitive than the helium mass spectrometer
method depends upon pressurizing the devices
for a period of time in a gas containing a pro-
portion of radio-active krypton. The gas enters
any devices having leaks and after removal from
the pressure vessel the devices are tested in a
scintillation counter. The radio-active krypton
gives off radiation which penetrates the device
encapsulation. The method, unlike that using
the mass spectrometer, is not therefore de-
pendent upon the tracer gas leaking out of the
device under test. For highest accuracy, pre-
cautions must be taken to prevent or remove
tracer gas absorbed on the surface of the de-
vices. In addition it is possible to correct for
such absorbed gas by monitoring separately the
non-penetrative radiation which is also given
off by the radio-active krypton.

Because of safety and cost considerations it is
not possible to use a simple chamber for the
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pressurization of the devices. The equipment
actually used (Figure 2) was developed by
S.T.C. Semiconductors following earlier joint
work with the United Kingdom Atomic Energy
Authority. The krypton is contained in a closed
system and is pumped between the storage
chamber and the test chamber by either heating
the appropriate section or by cooling with liquid
nitrogen. The various control valves are oper-
ated pneumatically by high-pressure nitrogen
gas.

The pressure within the test chamber was de-
pendent upon how much of the chamber was
occupied by devices and inert filler blocks and
varied from 23 to 42 pounds per square inch
(16 170 to 29 500 kilograms per square metre)
for different tests. Soaking times were adjusted
in the range 48 to 140 hours. The activity of the
gas was 12-9 millicuries per milliliter.

Transistors and Diodes for Submarine Cables

So far 1600 of the devices which have com-
pleted burn-in have been tested. Of these 1591
gave count rates corresponding to leak rates of
3 (£ 2) X 10*% atmosphere cubic centimetre
per second. The correction for background radio-
activity and the surface count of the devices had
a similar range of values, so this represented
the effective zero value of the method as used.
Only 8 devices gave count rates higher than
this but all less than the rate corresponding to
20 x 10-** atmosphere cubic centimetre per
second. Usually the surface count was high also,
so there was no clear evidence that these devices
were in fact leaking, even at this fantastically
low level. It is also most unlikely that this
number of devices would all have almost the
same leak rate while only 1 other device was
within the rest of the vast range of possible leak
sizes. Nonetheless these 8 devices were rejected
for submarine repeater use.

Figure 2—S.T.C. Semiconductors designed this equipment for pressurizing semiconductor devices in radio-active
krypton to obtain ultra-fine leak measurements. Some of the lead bricks used for screening have been removed to
reveal the test chambers.
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Finally 1 device had a leak rate of 7-3 X 10-2°
atmosphere cubic centimetre per second and
this was, of course, excluded also.

10. Conclusions

This paper has described the methods used by
S.T.C. Semiconductors to obtain transistors
and diodes of the reliability needed for deep-
water submarine repeater applications and also
the methods used to give assurance of the
achievement of that reliability. For making the
devices the silicon planar techniques, of which
the company has long experience, were utilized.
No major modifications were made to standard
processes but meticulous care was taken in pro-
duction, inspection, and screening procedures.

For the reliability assurance the basic suitability
of the designs were checked by overstress tests
and then the mechanical reliability, the electrical
reliability, and the hermeticity of the devices
were checked successively on all the devices by
a severe mechanical/thermal test, a 3-months
operational burn-in, and by radio-active-krypton
hermeticity testing. The mechanical test and the
burn-in also constituted an acceptance test and
the numbers of devices tested waoic adequate to
give statistical assurance of the required re-
liability.

Both the transistors and diodes successfully
passed all their tests and they are currently
being built into deep-water submarine repeaters.
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Coaxial Cable System for 2700 Circuits
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1. Introduction

An assessment of the market had shown in-
creasing need for a 12-megahertz 2700-circuit
transmission system on coaxial cable of 2:6/9-5
millimetres (0-375-inch diameter). Although
a valve system was available to meet this de-
mand, it was realized that a transistor system
would have very significant advantages both in
first cost and maintenance charges.

Much work had to be done on the evaluation
of transistors for this requirement and several
alternative solutions were considered. Thus one
development was for an amplifier at 3-kilometre
(2-mile) spacing. By increasing the power dis-
sipation to about 75 watts per amplifier it was
found possible to raise the signal levels to line
so that a spacing of about 4-5 kilometres (2-8
miles) between amplifiers could be achieved.
However, with the advent of better types of
silicon epitaxial planar transistors and further
development of the amplifier configuration it
was found possible to achieve this result with
a power consumption of only 0-64 watt. The
final circuit gives a noise performance of 1
picowatt per kilometre (16 picowatts per mile)
and excellent gain stability with variations of
power and temperature.

2. Line Amplifier

The line amplifier is of course the heart of the
system and is worth discussing in some detail.
Considerable development effort was expended
in its realization, as the choice of transistor
types and circuit configuration have a profound
effect on repeater spacing and power require-
ments. A performance to enable a system noise
of 1 picowatt per kilometre (1-6 picowatts per
mile) to be achieved was set as a design target.
This gives a good margin for any deterioration
due to equalization errors, in order to guaran-
tee the requirement of 3 picowatts per kilometre
(4-8 picowatts per mile) for the hypothetical
reference circuit of 2500 kilometres (1500
miles) under all conditions of service set by
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the International Telegraph and Telephone Con-
sultative Committee (CCITT).

2.1 DESIRABLE PROPERTIES

The most important properties may be listed
as follows:

(A) Good input and output return losses to
minimize reflections and gain errors.

(B) Low noise figure.

(C) Low intermodulation noise.
(D) Good overload margin.
(E) Low power consumption.

(F) Gain-frequency characteristic accurately
shaped to match the cable, and good stability of
gain with variations in power supply and am-
bient temperature.

(G) Accurate control of gain to compensate
for changes in cable loss with temperature and
to cater for repeater spacing tolerances.

(H) Circuit flexibility to enable minor changes
to be made easily in both the mean and the
adjustable gain-frequency characteristics. Then
amplifier variants for use with older types of
coaxial cable, which have slightly different char-
acteristics, can be conveniently designed.

(I) Long life and high reliability.

(J) Ability to withstand induced power and
lightning surges.

The requirements of low intermodulation noise
and good overload margin conflict with low
power consumption, and a compromise is neces-
sary here. A major factor in the design has been
the aim to restrict the power supply current fed
along the cable inner conductors to the depend-
ent repeaters to a maximum of 50 milliamperes
at a maximum of about 300 volts relative to
earth (250 volts for the British Post Office).
This is considered to be safe for maintenance
personnel [1, 2]. Work on the cable route is
then possible without provision of the expensive
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safety precautions that were necessary on the
earlier designs of coaxial systems using valves.

Thus the amplifier power consumption is se-
verely limited, if a reasonable number are to be
fed remotely from widely spaced points along
the route. The remarkably low figure of 0-64
watt (13 volts and 49 milliamperes) has been
achieved, allowing 13 dependent repeaters to be
fed in each direction from a power feeding sta-
tion when 300-0-300 volts is used, giving a
maximum distance between power feeding
points of 121-5 kilometres (75-5 miles) (10
repeaters with 250-0-250 volts, a distance of
94-5 kilometres (58-7 miles)). Other benefits
arise from this low power consumption: low
junction temperatures of the transistors (only
75 degrees Celsius above ambient in the output
transistor) and low rise in ambient temperature
of the amplifier components (about 2 degrees
Celsius). These arc conducive to long life and

high reliability.

2.2 CONFIGURATION

The line amplifier circuit configuration is shown
in Figure 1. It is a feedback triple of silicon
planar transistors, with hybrid circuits at input

and output to provide good return losses against
the cable, together with low noise figure and
good output-stage efficiency. The mean forward
gain-frequency characteristic is shaped mainly
by the impedances R, + Z, and Z, together
with an input pre-equalizer (not shown). The
pre-equalizer loss is small in the higher-fre-
quency portion of the band to permit maximum
slope of the system pre-emphasis characteristic
in this region and so optimize thermal and in-
termodulation noise and overload performance
[3].

The gain may be adjusted to compensate for
change in cable loss with temperature and for
repeater spacing tolerance by means of the ad-
justable equalizer in the feedback path. It is a
well-known type described by Bode [4] and
employs the symmetrical constant-resistance
equalizer (characteristic impedance R) ter-
minated in the adjustable resistance xR, This
is either a thermistor automatically controlled
by a 12 435-kilohertz pilot regulator at regu-
lated repeaters, or a fixed resistor at unregu-
lated repeaters. The loss-frequency characteris-
tic of the equalizer R, governs the adjustable
gain-frequency shape of the amplifier.
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(e 1 y R3? L___o.ﬂ
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Figure 1—Line amplifier circuit.
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To satisfy the requirements of the adjustable
equalizer

Rl(R2+R3) it (az— 1>R
R1+R2+R3_— a g

where @ is a design constant, and R, and
R, + R, are resistive impedances presented by
the rest of the circuit.

The circuit provides the substantial amount of
forward gain variation of =6 decibels at 12-5
megahertz, and the configuration is notable in
that this is achieved without appreciable varia-
tion in the overall loop gain. This is a valuable
feature, because it is important to have as much
overall feedback as possible to minimize inter-
modulation and to get good gain accuracy. The
more usual way of changing the gain of a feed-
back amplifier is to change the amount of over-
all feedback. Sufficient amplitude and phase
margin must be obtained at minimum gain
(maximum feedback) to ensure freedom from
oscillation. Thus at maximum gain (minimum
feedback), the amount of feedback may not be
sufficient for good intermodulation or gain ac-
curacy. However, this circuit is not subject to
this limitation. A way of looking at it is to say
that change of the adjustable equalizer varies
the local feedback on the first stage and not the
overall feedback.

Similarly Z;, may be changed to alter the for-
ward gain without appreciably changing the
overall feedback. Instead the local feedback on
the output stage is changed. This can be useful
in shaping the forward gain of the amplifier
without affecting the overall loop gain, giving
considerable freedom in the design. Minor
changes in mean gain-frequency and adjustable
gain-frequency shapes to cater for various cable
types may readily be made.

2.3 AMPLIFIER PERFORMANCE

To prove the design, 15 models of the line am-
plifier, shown in Figure 2, were constructed.
Transistors taken at random from three differ-
ent manufacturers were used. Some of the test
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results on the models are shown below. These
results, together with results of the system field
trial using the same model amplifiers (given in
Section 7) illustrate the adequacy of their
characteristics.

Noise Figure at 12+5 Megahertz: (Including
the pre-equalizer) Maximum 5-3, minimum
4-3, and mean 4-6 decibels.

Owerload at 12+ 5 Megaherts: Maximum +21-5,
minimum +20-3, and mean +20-8 decibels re-
ferred to 1 milliwatt.

Harmonic and Intermodulation Margins: Only
products indicative of those producing most
noise are given—in general they involve the
highest possible fundamental frequencies. Power
at each fundamental output was 410 decibels
referred to 1 milliwatt.

24-B (2X 11 —-9-5=12'5 megahertz).
Maximum margin 70-0, minimum 66-5, and
mean 633 decibels.

24 (2 X 6 = 12 megahertz). Maximum 58-0,
minimum 530, and mean 56-2 decibels.

A-B (12-4 — 12-1 = 0-3 megahertz). Maxi-
mum 79-0, minimum 71:0, and mean 76-3
decibels.

Figure 2—Line amplifier.
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Return Loss:

Input
Frequency in megahertz 0-3 4 125
Maximum in decibels 59 29 30
Minimum in decibels 40 27 19
OQutput
Frequency in megahertz 0-3 4 12.5
Maximum in decibels 30 40 30
Minimum in decibels 25 32 24

Temperature Coefficient: Figure 3 shows the
change in gain for a rise of 40 degrees Celsius

above room temperature. (Average of 4 ampli-
fiers.)

3. Repeater Spacing

It was clear that with a transistor repeater the
equipment could be best housed in underground
footway boxes, et cetera, as had been success-
fully done on the new 1:2/4-4-millimetre
(0-174-inch diameter) coaxial cable systems
[5, 6]. However, the immediate need was to
equip spare coaxial cores in existing cables and
later to replace the old valve systems on these
cables. Now these valve systems were installed
in surface huts nominally spaced at 9-6 kilome-
tres (6 miles). Thus for maximum utilization
of existing plant and cable terminations, new
systems should be spaced on a submultiple of
9-6 kilometres (6 miles). At first sight this
imposed a nominal repeater spacing of 4-8
kilometres (3 miles) but an analysis of actual
routes showed that because of siting difficulties,
huts were typically spaced at shorter distances.
This is illustrated in Figure 4, which gives an

analysis of 30 valve routes in the United King-
dom. It will be seen that 75 per cent of repeater
huts are spaced at 9 kilometres (5-6 miles) or
less. The new repeater was therefore designed
for 4-5-kilometre (2-8-mile) spacing but pro-
vision was made for coping with occasional long
sections. (See Section 35.)

4. System Noise

A digital computer was used to establish the
optimum pre-emphasis characteristic for the
system, using measured amplifier thermal noise
and intermodulation performance. Figure 5
gives the calculated noise for a 280-kilometre
(175-mile) homogeneous section with the con-
ventional power level of —15 decibels referred
to 1 milliwatt reference zero level per channel
as required by the International Telegraph and
Telephone Cousuliative Committee (CCITT).
This includes the effects of transmit and receive
terminals and two main repeaters, which em-
ploy additional flat amplifiers to overcome
equalizer losses. This calculation does not in-
clude penalties due to equalization errors, but
ample margin compared with the international
recommendation of 3 picowatts per kilometre
(4-8 picowatts per mile) is obtained.

5. Regulation

The decisions to use existing huts also affected
the techniques for automatic level regulation.
As wide departures from nominal length were
to be expected, it was advantageous for the
adjustable gain of each repeater to have sui-

= 4002

a»

o - ~

w @ o

SFs —

w s / gy

] - -0-02 / ~ 74
i \ /
o ~0-04

(o] 1 2 3 4 5

6

7 8 9 10 11 12 13

FREQUENCY IN MEGAHERTZ

Figure 3—Change in gain for a 40-degree Celsius rise as a function of frequency.
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icient range to compensate for both length and
able-temperature variations. Large ambient
emperature changes were to be expected in the
wurface huts, and remote sensors would be
1eeded to operate a system dependent on ground
emperature. It was therefore decided to use
rackward-acting pilot regulators—a technique
‘hat we had operated very successfully on earlier
systems.

The International Telegraph and Telephone
Consultative Committee (CCITT) had recom-
mended three line control pilots at 308, 4287,
and 12 435 kilohertz for the 12-megahertz valve
system. Because it was thought that valve age-
ing and other variables would be greatest at
the highest-frequency end of the band, 4287
kilohertz had been selected as the principal
regulating pilot. With the transistor amplifier
however, it was not expected that variations of
this kind would occur and 12 435 kilohertz was
nominated as the main regulating pilot. As
changes in cable attenuation as a function of
temperature increase with frequency, the accu-
racy of correction is improved.

It was found feasible to obtain =4 decibels of
automatic regulation range and this, coupled
with the excellent amplifier noise performance,

REPEATER SECTIONS IN KILOMETRES
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permitted regulation at alternate amplifiers only.
At the fixed-gain amplifier the control network
can be used over its full *=6-decibel range to
compensate for excessive length errors. This
means that sections of up to 5-25 kilometres
(3-26 miles) can be tolerated.

On any given route the degree of stretching
is usually such that the resultant increase in
random noise is tolerable and a total noise
within 3 picowatts per kilometre (4-8 pico-
watts per mile) can be expected.

6. Fault Location

Closely allied to the regulation philosophy is
the method of supervision used, so that staff at
attended terminal stations can identify a faulty
repeater. A pilot regulator of the type described
can provide, at relatively little extra cost, a
second output for driving an alarm circuit. A
differential direct-current amplifier is used to
drive a relay which puts a loop across an inter-
stitial pair when the pilot error at the line am-
plifier output is greater than %2 decibels. The
range of the regulator is such that only alter-
nate amplifiers need to be regulated. To monitor
the unregulated amplifiers a simple output pilot
level detector is used, and to keep this circuit
as simple and cheap as possible it is operated
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from the 308-kilohertz pilot.
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Figure 4—Percentage of repeater sections below the
stated lengths for 30 routes of 4-megahertz 960-channel
systems.
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Figure 5—Computed system noise for a 280-kilometre
(175-mile) route.
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If a cable breaks, current stops flowing round
the power feeding loop and pilot alarms are
given from all stations. A combination of a
series and a shunt connected relay is used to
give a unique power alarm from the station

this scheme is that very long routes can be
supervised from a single attended station.

7. Fie

Id Trial

immediately before the break.

These large-core coaxial cables are normally
well supplied with interstitial pairs which can
be used for extending the alarm conditions from
the repeaters to the terminal as direct-current

loops.

Thus three alarm pairs are needed. At

the terminal, after the presence of the loop has
been detected, its resistance is measured and
the distance away is proportional to the value
obtained. If a fourth interstitial pair is used as
a reference arm of the Wheatstone bridge, op-
eration is independent of temperature variation.

A differential direct-current amplifier is used
in the bridge to obtain a uniform performance
over the operating range. The sensitivity is such
that accurate discrimination is achieved on
routes of up to 100 stations. An advantage of

7.1 RouTE DESCRIPTION

A trial system has been installed with the co-
operation of the British Post Office on part of
the coaxial cable route between Guildford and
Reading. This is a typical 6-core cable installa-
tion with one pair of cores already equipped
with a 960-circuit valve system installed in huts
spaced at nominally 10 kilometres (6 miles).
The additional intermediate repeaters were in-
stalled in underground footway boxes as shown
on the route schematic in Figure 6. By looping
back the high-frequency path at the fifth repeater
through line-simulating networks, a 48-kilome-
tre (29-8-mile) one-way link was obtained.
The terminal repeater, which is fully tran-
sistorized, is constructed in Mark 6 Equipment
Practice [7] and is shown in Figure 7. A typi-
cal repeater installation is shown in Figure 8.

GUILDFORD

* indicates amplifiers with 6-decibel offset.

2.837 MILES
(456 KILO~ 2.653 MILES 1-551 MILES 2576 MILES BUILD
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TRANSMIT 2-796 MILES + BUILD OUT OF + BUILD OUT OF +BUILD OUT OF 275 MILES
TERMINAL {4-499 KILO- 0-125 MILE 0-75 MILE 0-25 MILE (4-425 KILO~
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Figure 6—Route of field trial installation having a total looped length including build-out sections of 48 kilome-
tres (29-8 miles). R indicates regulated line amplifier and U is for fixed-gain amplifiers.
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Figure 7—Terminal repeater.

Figure 8—Typical unattended repeater.
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7.2 REsuLts

The gain-frequency characteristic is shown in
Figure 9; the overall spread over the frequency
band was limited to 0-55 decibel. Changes have
since been made to the amplifier that will reduce
the spread per repeater section to approxi-
mately 0-2 decibel before residual equalization.
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Figure 9—Gain-frequency characteristic over the trial

route. The solid curve is before and the broken-line

curve is after mop-up equalization, which limited the
final spread to 0-55 decibel.
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Figure 10 shows the performance of the trial
route when loaded with white noise. Zero load-
ing corresponds to the conventional power level
of —15 decibels referred to 1 milliwatt reference
zero level per channel. It will be seen that the
noise falling in each frequency slot is not more
than 1 picowatt per kilometre (1:6 picowatts
per mile). As the loading is increased the
signal-to-noise ratio at first improves, indicating
that random noise is dominant. As the loading
is increased still further, intermodulation noise
increases but nevertheless there is a margin of
8 decibels before the recommended maximum
of 3 picowatts per kilometre (4-8 picowatts per
mile) is exceeded, which demonstrates that
good overload margins have been obtained.

The accumulation of certain distortion products
along the route is shown in Figures 11 and 12.
The repeater section phase shift used in the
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Figure 11—Second-harmonic distortion over the trial

route for a fundamental of 6-25 megahertz at 0 deci-

bels referred to 1 milliwatt at the transmit terminal

output, A is measured, B is calculated allowing for

section phase shift, and C is calculated assuming power
addition.
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calculated curves was obtained by adding a
measured repeater phase characteristic to the
calculated phase shift of 4-5 kilometres (2-8
miles) of cable. The close correlation between

-50

\

2 L~

i\

AW

A\

S

\

\
//
e

[

/

[~

RN

-80

NEFAEAN
-85 \t

! \

! |
\ |1
\ U g
A/

|
|
|
|
|
|
|
}
i
|
|
|
|

A
\
/]
N
-7

-90

INTERMODULATION PRODUCT POWER IN DECIBELS REFERRED TO 1 MILLIWATT

|
1
I
-100 1

i 2 3 4 5 6 7 8 9 10 {11 12
NUMBER OF REPEATERS

Figure 12—Third-order intermodulation distortion
24-B with fundamental frequencies having an output
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terminal output. The solid-line curves are measured
and the broken-line curves 2, 4, and 6 are calculated
assuming voltage addition. Curve & is calculated allow-
ing for section phase shift. Frequencies are as follows:
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2X6-3—12-3=0-3 megahertz for curves 7 and 8.
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the calculated and measured results support the
theory used when evaluating the performance
of the system on long routes.

The power-feeding current of 49 milliamperes
is normally controlled to better than =1 milli-
ampere (=2 per cent). Thus from Figure 13
it can be estimated that variation of gain due
to this cause on a route length of 280 kilometres
(175 miles) would be less than =0-3 decibel
even if the power to all the repeaters changed
by this amount simultaneously, a most-unlikely
event.

Figure 14 shows the near-end crosstalk mea-
sured at the terminal when the high-frequency
loop back was disconnected and the line ter-
minated at the last repeater. The crosstalk was
measured at close frequency intervals, using a
detector of 200-hertz bandwidth. The crosstalk
maxima and minima at frequencies near the top
of the band are shown on the graph. These
ripples, due to different crosstalk paths along
the line, continue over the whole frequency
band, but the general level of crosstalk de-
creases with decreasing frequency.

The field trial route gain-frequency stability
measured over a period of six months is shown

Coaxial Cable System for 2700 Circuits

in Figure 15. The error characteristics closely
agree with those expected from the line ampli-
fier variable gain-frequency characteristic design
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TFigure 13—Variation of gain per amplifier with changes
of 20 per cent in power-feeding currents.
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Figure 14—Crosstalk measured at close frequency in-
tervals for the trial installation.
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error and changes in cable temperature. Fur-
ther measurements on the route stability with
time are continuing.

8. Conclusion

These and many other measurements have es-
tablished that the design aims have been met
and that the relevant recommendations of the
International Telegraph and Telephone Con-
sultative Committee (CCITT) and of appro-
priate British Post Office specifications are
satisfied with adequate working margins.

The new system provides an economic means
of greatly increasing the circuit capacity of ex-
isting cables and, because repeater stations can
now be buried, new cable routes can be in-
stalled more cheaply than hitherto.
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Microwave Radio RL4H in Slimrack Construction

H. S. V. REEVES

Standard Telephones and Cables Limited; London, England

1. History

Until recently, microwave radio transmitters
have used travelling-wave amplifiers to produce
power in the range of 1 to 10 watts. These
required a power supply of about 3000 volts
and had an estimated life of about 10 000 hours.
These equipments had an all-solid-state local
oscillator, which gave 50 milliwatts output at
super-high frequencies.

The all-solid-state RL4H equipment has dis-
pensed with the travelling-wave tube by the
incorporation of the latest high-frequency high-
power transistors and varactors. These give a
4-gigahertz output of 2-5 watts from the trans-
mit local oscillator, which feeds a varactor up-
converter to give 1 watt of transmitter output.
The life of this source is planned to be 100 000
hours.

In addition, a much lower noise figure is ob-
tained in the receiver.

The feasibility models of the transmit local
oscillator and up-converter were developed and
built by Standard Telecommunication Labora-
tories in Harlow and formed the basis for fur-
ther development and engineering for manufac-
ture by Standard Telephones and Cables.

2. General Description

2.1 Purrose

The RL4H slimrack unit is designed to work
either as a repeater or as a terminal bay in the
all-solid-state RL4H radio system. The system
can use up to 5 + 1 or 4 4 2 radio channels in
accordance with the frequency recommendations
of the International Radio Consultative Com-
mittee for the 4-gigahertz band.

Each radio channel will accept a baseband of
960 telephone channels or television video
(monochrome or colour) plus a super-video
sound channel.

The 6 receive and 6 transmit radio channels
may use a common bipolar feeder and Cas-
segrain aerial.

ELECTRICAL COMMUNICATION - - Volume 42, Number 4. -

The RL4H radio slimracks are planned to work
in conjunction with the auxiliary link radio
equipment produced by Bell Telephone Manu-
facturing Company (Belgium).

2.2 FuNcTION

When operated as a terminal bay, the slimrack
equipment comprises a separate transmitter and
receiver with separate power supply units.

The transmitter accepts a frequency-modulated
intermediate-frequency signal at 70 megahertz
and 0-3 volt from the modulator panel of the
modem bay and converts this to 1 watt at 4
gigahertz.

The receiver accepts a super-high-frequency
input in the range —30 to —65 decibels referred
to 1 milliwatt and converts this to a 70-mega-
hertz output of 0-5 volt, which is fed to the
demodulator of the modem bay.

When used as a repeater, the intermediate-
frequency output of the receiver is connected
to the transmitter power-amplifier panel. There
is one common power supply unit in this case.

The slimrack requires a 24-volt direct-current

power supply and consumes approximately 120
watts.

2.3 BrLock SCHEMATIC

The waveguide used for all the super-high-
frequency components is size 124, code M (F)
45, of the International Electrotechnical Com-
mission, having internal dimensions of 2-000 by
0-667 inches (50-8 by 16-9 millimetres).

As shown in Figure 1, the receive input fre-
quency from the channel branching circulator
is selected by a 6-section signal filter, which has
a maximally flat bandwidth of =20 megahertz.
The other channel frequencies are reflected back
from this filter to be directed by the circulator
to the other receivers.

On the receive side of the channel branching
circulator is a short-circuiting shutter, which
when inserted reflects the other receive chan-
nels to their particular bays and permits the
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flexible waveguide to be removed for making
noise-figure measurements on the receiver.

The received signal passes through the signal
filter to be directed via a circulator to the local-
oscillator filter, from which it reflects back into
the input mixer at a nominal level of —30
decibels referred to 1 milliwatt.

The receive local-oscillator frequency is derived
from a crystal source at about 125 megahertz,
the output of which is amplified and doubled in
frequency before finally being multiplied (X16)
by a step-recovery diode to 4 gigahertz. This
local-oscillator output frequency is selected by
the 3-section waveguide filter having a band-
width of =8 megahertz and is fed through the
circulator into the mixer.

The other circulator in the receive path has a
termination on its third port and is included to

M5

reduce the leak of unwanted receiver products,
such as local-oscillator frequency, into other
receivers. It thus acts as an isolator,

The input mixer and pre-amplifier unit has a
noise figure below 8 decibels.

The pre-amplifier output is fed to the main
intermediate-frequency amplifier. This provides
an automatic-gain-control loop back to the pre-
amplifier to give a constant output of O decibels
referred to 1 milliwatt for a variation in super-
high-frequency input between —25 and —65
decibels referred to 1 milliwatt.

An adjustable group-delay equalizer is pro-
vided to balance the group-delay characteristic
of the hop—principally that of the far-trans-
mitter power amplifier, up-converter and filter,
receive filter, and receive intermediate-frequency

-
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Figure 1—Block diagram. Nominal power levels are shown in parentheses in decibels referred to 1 milliwatt (dBm).
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amplifier—to within 2 nanoseconds at =10
megahertz.

The squelch panel is set to operate when the
input signal level falls to —69 decibels referred
to 1 milliwatt. An electronic switch disconnects
the through signal path and energizes a 70-
megahertz oscillator to feed into the end ampli-
fier. This squelch signal acts as a temporary
carrier to subsequent repeaters, holding them at
approximately normal gain and thus preventing
the transmission of a broad-band noise signal.
The squelch panel operates as a 0-gain panel
for higher signal levels.

The end amplifier provides two separate outlets
of 0-5 volt. If three such outlets are needed, a
further distribution amplifier may be provided.

On the repeater bay, the end-amplifier output
is coupled into the power amplifier. This panel
feeds the two varactor diodes of the up-con-
verter. The up-converter is supplied with 2-5
watts at 4 gigahertz from the transmit local
oscillator, which acts as the pump frequency.

At the output flange of the up-converter is a
band-stop filter that reflects back the unwanted
lower sideband (fro — 70 megahertz) to be
reconverted by the up-converter to give about
0-5 decibel less conversion loss at the wanted
upper sideband (fzo + 70 megahertz).

The 1-watt output at the upper sideband passes
through a low-pass filter, which suppresses the
second and higher harmonics of 4 gigahertz, to
the transmit signal filter. This filter is similar
to the receive signal filter apart from a coupling
loop and monitor diode. This diode is coupled
to one of the centre cavities of the signal filters
such that it monitors the signal output of the
bay and operates the bay alarm if the output
drops 4 decibels. If the diode were not within
the filter it would also rectify the local-oscillator
frequency or the transmit frequencies of ad-
jacent bays.

At the output of the signal filter a loop coupler
is provided for output power measurement to
calibrate the diode in the filter. This also would
normally couple the transmit power of the
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adjacent bays. This is overcome by inserting a
transmit shutter to short-circuit the waveguide
output. This permits the other bays to function
normally whilst the output power is measured.

Normally the shutter is in the out position to
permit the transmit output to pass to the chan-
nel branching circulator.

2.4 MecuANICcAL FEATURES

The slimrack framework, excluding the over-
head waveguide assembly, is 200 millimetres
wide, 225 millimetres deep, and 2065 milli-
metres high (7-9 by 8-8 by 82-3 inches). The
waveguide receive and transmit runs are mainly
vertical and are housed between the two sides
of the bay as will be seen in Figure 2.

As is evident from the front view given in
Figure 3, the panels protrude forwards from the
front edge of this framework. Apart from the
meter and alarm panel, the panels are nearly
identical to those used on the RLG system.
These panels plug on to a plate containing
the 70-megahertz connectors type 1-5/5-6. Lo-
cating pins and retaining clips are provided.

The power supplies for these panels are con-
nected via short wire lengths that are wire
wrapped at each end to give both extra re-
liability over the use of plugs and cost reduc-
tion. Adjustment to these panels is made by
using a hook-on type of tray immediately be-
neath the panels. The tray is supplied as a
testing tool and is not a permanent part of the
bay. This enables the wrapped wire joints to
remain unbroken whilst the panels are laid
horizontally on the tray. Short cords are pro-
vided to connect the intermediate-frequency
panels to the sockets in the mounting plate.

The two multiplier panels, the pre-amplifier,
and the power amplifier are all rigidly bolted
to their associated waveguide components.
To facilitate their easy removal, the waveguide
flanges are held by quick-release clamps. The
waveguide shims are held captive by screwed
dowel pins.
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Figure 3—Front view of the slimrack. At the top is
the alarm indicator while the 3 panels immediately be-
low are the squelch, end amplifier, and distribution
amplifier. The pre-amplifier is next and beneath it are
the equalizer, intermediate-frequency amplifier, and

Figure 2—Rear view of the slimrack showing vertical
waveguide runs.

meter panel. The next three units are the receive local

oscillator, power amplifier, and transmit local oscilla-

tor. At the bottom are the transmit and receive power
units.
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These four panels have cast aluminium boxes
which include cooling fins where necessary.
Their lids have a thick neoprene sheet covered
with silver-plated foil which clamps around the
edges and partitions of the panel to give the
required radiation suppression of 75 decibels.

At the top of the slimrack, two star flag indi-
cators are provided to indicate ALARM ON and
ALARM OFF conditions.

Cooling of the slimrack is by natural convec-
tion. Air enters the grill at the bottom, passes
both through and at the sides of the power
units, and then passes around the cooling fins
of the transmit local-oscillator panel and power
amplifier.

In this way, the temperature of these panels is
maintained to within 15 degrees Celsius of the
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Figure 4—Transmit local-oscillator chain.
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ambient temperature. This in turn enables the
semiconductor junction temperatures to be kept
as low as possible for greatest reliability.

The other panels suffer a negligible rise in
temperature.

The bay is adjusted in height and levelled by
adjusting screws at the base and then screwed
to a base plate. At the top of the bay, a locating
section ties the bays to one another and acts as
a support for the overhead waveguide. The pro-
vision of flexible waveguide in both waveguide
connections minimizes strain on the bay wave-
guide.

The slimrack has been designed to accept a
24-volt direct-current busbar at the top of the
bay.

3. Transmit Local Oscillator

The transmit Jlocal oscillator arrangement
shown in Figure 4 employs a 125-megahertz
crystal-controlled oscillator unit, which sepa-
rately plugs on to a driver-multiplier panel.
The latter is rigidly bolted to the final two
doubler stages of coaxial line and waveguide.

3.1 OsciLLaTor UnrT

The crystal-oscillator stage used a BFY90
transistor with the common-base configuration
for stability. The oscillator operates in class A4
on the series resonance of the crystal. The
feedback circuit is via two impedance trans-
formers. A step-up transformation ratio of the
first requires a higher load impedance. A step-
down transformation ratio of the second lowers
the required load impedance but also lowers
the selectivity of the feedback loop.

A compromise is made so that the load im-
pedance is low enough to minimize variations
in transistor output impedance for a feedback
loop selectivity of about a quarter of the crystal
selectivity. '

Allowing for the crystal dissipation, the output
is 6 milliwatts. This level is sufficiently high to
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permit adequate buffering between the oscillator
and the following amplifier. The latter (BFY-
90) also operates in common-base connection
and produces a 10-milliwatt output in 50 ohms.
The return loss is 25 decibels.

The oscillator is housed in an oven at 60 de-
grees Celsius. The oven heating element is a
transistor controlled by a thermistor via a pro-
portional transistor control circuit.

3.2 TraNsMIT DRIVER AND MULTIPLIER

The 10-milliwatt input at 50 ohms from the
oscillator panel is fed to two successive class-4
amplifiers using 2N918 and 2N 3553 transistors
with common-emitter connection respectively to
give a nominal output of 100 milliwatts at 50
ohms, which is taken to the helical line filter.

The voltage from a diode coupled to the mid
cavity of the 4-gigaheriz locai-osciilator out-
put filter is fed back between the two stages
of the amplifier. This can be used to adjust the
gain of the amplifier by =3 decibels to allow for
changes in output of the rest of the multiplier
panel, for example, due to temperature vari-
ation.

The helical-line filter is used to suppress the
noise output of the oscillator and amplifiers at
the higher baseband frequencies. It has two
helical-line sections of fixed coupling, which
are tuned with silver-plated brass tuning slugs.
The 3-decibel-down bandwidth is =200 kilo-
hertz and the midband loss is 4 decibels. The
temperature coefficient has been compensated
by using copper coils in an aluminium box.

The filter is followed by three further stages of
amplification operating in class C and in com-
mon-emitter configuration. The first stage em-
ploys a 2N3553 and the second a 2N3375
transistor. The 3-watt output of the stage can
be measured at the test point provided.

The final driver stage uses a PT5692 transistor
to give a 25-watt output to drive the successive
doubler stages.

The first three doubler stages use IN4387,
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IN4388, and MA4061C varactors respectively
and are built in lumped-circuit techniques.

The third stage produces an 8-watt output,
which is coupled to the coaxial-to-waveguide
unit that is bolted to the panel. The fourth
coaxial doubler employs an MVI808B that
drives the final waveguide doubler using two
MV1810B varactors. These couple to a cross-
bar in the waveguide.

The waveguide output goes through a termi-
nated circulator to a 3-section local-oscillator
filter with feedback loop.

The final output is 2-5 watts at the output of
this filter.

The noise output of the transmit local oscillator
is a maximum of 5 picowatts with respect to
the 200-kilohertz root-mean-square deviation
for 960-channel loading, for the range from 10
kilohertz to 6 megahertz. This range is wider
than the telephony band from 60 kilohertz to
4.2 megahertz and is to cater for television.

As mentioned earlier, great care has been taken
in the heat sinking of the semiconductors in
this panel to reduce the junction temperatures
for maximum reliability; the target is 1-per-
cent failure per 1000 hours for this panel.

4. Receive Local Oscillator

The same 125-megahertz crystal-controlled
oscillator described in Section 3.1 is used for
the transmit and receive local oscillators, It
plugs on to the driver-multiplier unit.

4.1 DrivER-MULTIPLIER

As shown in Figure 5 the 10-milliwatt 50-ohm
input to the driver is amplified by a common-
emitter 2N3553 in class A. The output goes to
a single-section helical line filter having a
3-decibel-down bandwidth of =300 kilohertz,
which is used to suppress the higher baseband
noise from the oscillator and amplifiers.

The filter is followed by a further class-4
amplifier, a common-emitter-connected 2N3553.
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This is followed by a 2N3553 transistor doubler
(common base), which provides an output of
200 milliwatts at 250 megahertz.

The output goes to a step-recovery multiplier.
This (X16) multiplier has a printed-circuit in-
put with no idlers. It couples through a double
quarter-wave choke, to suppress radiation at
4 gigahertz, to the step-recovery diode
(HPA0251). A waveguide piston and imped-
ance-compensating screws are used to optimize
the output of the 16th harmonic (4 gigahertz),
which is selected by the 3-section local-oscillator
filter described in Section 7.2.
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Figure 5—Receive local oscillator.
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The output required is —2 decibels referred
to 1 milliwatt and the baseband noise output is
similar to the transmit local oscillator, namely
5 picowatts maximum in the range from 10
kilohertz to 6 megahertz.

5. Power Amplifier—Up-Converter

This unit accepts a 0+3-volt modulated inter-
mediate-frequency input and up-converts this
to 4 gigahertz with l-watt output. A level
diagram is given in Figure 6.

5.1 PowER AMPLIFIER

The intermediate-frequency input to the panel
is 0-3 volt (minimum) at a terminal station
and 0-5 volt at a repeater. To allow for this,
a 4-decibel pad can be strapped in or out of
circuit in the input of the panel.

The pad is followed by a matching circuit and
then by 5 amplifying stages all using common-
base connections. The first 2 stages use 2N918
transistors, followed by 2N3137, 2N2950, and
2N3375 transistor stages.

A 3:1 matching transformer is used between
the second and third stages. Harmonic traps are
used in the collector loads of the second and
third stages.
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The final stage provides an available 400 milli-
watts at 70 megahertz to act as the signal for
the up-converter.

5.2 Up-CONVERTER

The wupper sideband up-converter has been
chosen for use since it has positive resistance
at all ports and is unconditionally stable. A
lower sideband up-converter is effectively a
negative-resistance parametric amplifier and is
thus inherently unstable and theoretically would
also have decreased efficiency.

Hence the transmit local-oscillator frequency
is necessarily always lower than the transmit
signal frequency.

The three ports of the up-converter at the pump
(local-oscillator) frequency, output signal fre-
quency (upper sideband), and input signal fre-
quency (intermediate frequency) must be
matched for optimum efficiency. This is achieved
for the two 4-gigahertz cases by the design of
the crosshar waveguide transition. A waveguide
piston is adjusted behind the crossbar and
impedance-compensating screws can be ad-
justed to give additional correction.

However for the intermediate-frequency case
the problem is much more difficult. The Manley-
Rowe [1] equations predict that the ratio of the
output signal power to the intermediate-fre-
quency power should be in the ratio of their
frequencies, that is, 4000:70 (megahertz). Thus
the output power of 1 watt could be achieved
with 17-5 milliwatts of intermediate-frequency
input if the efficiency were 100 per cent. Since
an efficiency of about 45 per cent is to be ex-
pected, about 40 milliwatts is necessary at the
intermediate-frequency input.

The input impedance of the up-converter how-
ever is principally reactive and presents a diffi-
cult matching problem. This has been overcome
only by resistively loading the input circuit.
Of the available 400 milliwatts, about 40 milli-
watts is applied to the two varactor diodes

(MV1810B). The bandwidth achieved in this -
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way is flat in amplitude to within 0-25 decibel
at =10 megahertz.

The partial saturation of the varactor diodes
produces a 3:1 limiting action from intermedi-
ate to super-high frequency.

As mentioned in Section 7.3, a band-stop filter
at the lower-sideband frequency is positioned by
some two wavelengths from the up-converter
crossbar to increase the up-converter efficiency
by about 0-5 decibel. The final output power
inclusive of circulator losses is 1 watt at the
input flange of the transmit signal filter, with
a 2-5-watt pump input.

6. Input Mixer and Pre-Amplifier

The combined input mixer and pre-amplifier is
required to give an intermediate-frequency out-
put of —5 decibels referred to 1 milliwatt to
the main intermediate-frequency amplifier in
response to a super-high-frequency input in the
range —25 to —40 decibels referred to 1 milli-
watt, the latter half of the panel being within
the automatic-gain-control loop. The level dia-
gram from mixer to up-converter is given in
Figure 6. The unit has an intermediate-frequency
response flat to within 0-2 decibel for the range
60 to 80 megahertz. The noise figure of the unit
including the main intermediate-frequency am-
plifier is required to be below 8 decibels. The
unit has a radiation margin of 75 decibels at
70 megahertz and 100 decibels at 4 gigahertz.

6.1 Inrur MIXER

The waveguide input is coupled at 4 gigahertz
to the mixer diode AA4Y 39 by a crossbar-type
transformer. The waveguide back plate is fixed
and combines with the crossbar to give with
an average diode a broad-band match (3-8 to
4-2 gigahertz) to the low-level signal in the
presence of the local oscillator.

The 70-megahertz output is fed orthogonally
from the crosshar to the pre-amplifier through
two quarter-wave chokes, which suppress the
4-gigahertz signal by 80 decibels. A further
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20-decibel loss in the 4-gigahertz band is pro-
duced by two dust cores to give an overall
100-decibel radiation margin. At 8 gigahertz
the chokes give little protection, but the dust
cores provide 40 decibels of protection against
radiation. The choke output at 70 megahertz is
coupled to the input stage of the pre-amplifier
within the panel.

The mixer diode connects to one side of the
insulated crosshar with its outer end earthed.
The diode is held in a mounting cap that con-
tains an 8-gigahertz choke. This choke helps to
minimize the level of sum frequency that is
produced by the mixer. This frequency is the
sum of the local oscillator and received fre-
quency and, if allowed to pass into the adjacent
waveguide circuits, could form resonances. The
reflected sum frequency would then mix with
the local-oscillator second harmonic to produce
a further 70-megahertz signal with a possibly
excessive group delay [5]. To give the required
noise figure of under 8 decibels, the diode is
biased with 0-15 volt. The local-oscillator level
is required to be nominally —2 decibels referred
to 1 milliwatt, which gives a diode current of
about 1-5 milliamperes.

To allow for the variation of impedance be-
tween diodes, matching screws are provided to
assist in obtaining the required characteristics
at both super-high and intermediate frequencies.

6.2 PRE-AMPLIFIER

The pre-amplifier is basically a 5-stage low-
noise adjustable-gain amplifier using a 2N2415
followed by four 2N918 transistors.

The input from the AAY39 mixer gives an
intermediate-frequency source impedance of
about 170 ohms. This input is coupled to the
2N2415 first stage, which is designed for a
low collector current to give a noise figure of
about 22 decibels. The first two stages are op-
erated in the common-emitter configuration.

A band-pass filter is connected between the
second and third stages. This provides 30-deci-
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bel rejection peaks at 40 megahertz and 100
megahertz, and a pass-band characteristic of
0-1 decibel at *=14 megahertz with an imped-
ance of 150 ohms.

The third and fourth stages have a common-
base configuration. The automatic-gain-control
feedback voltage goes to a diode that shunts
the output of the third stage. The variation of
this diode impedance gives a 15-decibel varia-
tion in overall gain.

The fifth stage is a buffer amplifier with an
output impedance of 75 ohms. The output level
is —5 decibels referred to 1 milliwatt.

To facilitate alignment, an input 75-ohm test
point having a reduced gain of 6 decibels is
provided.

6.3 OrHER INTERMEDIATE-FREQUENCY
PANELS

The other panels include the main intermediate-
frequency amplifier, adjustable group-delay
equalizer, squelch unit, and end amplifier. These
panels are electrically almost identical to those
used on the RLG system. They are generally de-
scribed in Section 2.3.

6.4 MEASUREMENT RESULTS

The characteristics shown in Figures 7 and 8
were measured from the intermediate-frequency
input of the power amplifier through the trans-
mit half, coupled through flat attenuators at
super-high frequencies, to the receive half to
simulate a single-hop system with no feeders.
The amplitude characteristic was recorded for
the nominal input level and for a 35-decibel fade.

The group-delay characteristics shown in Fig-
ures 9 and 10 were first measured for the same
transmission path with no equalization. The
group-delay equalizer was then set to balance
the test path with normal receive level to the
input mixer. The equalizer was left in the same
condition when the 35-decibel fade was applied
and the characteristic remeasured.
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Receiver noise-figure measurements are shown
in Figure 11. The rise in noise figure at higher
input levels is due to the main intermediate-
frequency amplifier.

7. Waveguide Filters

7.1 Sicnar FiLTERS

The purpose of the signal filters is principally
that of acting as the receive and transmit chan-
nel branching filters in conjunction with a 3-
port circulator. See Figure 12.

The receive signal filter is required as protec-
tion against near-end products from transmitters
which leak through the transmit-receive circu-
lator, particularly in the neighbourhood of the
image frequency, and also as protection against
adjacent receive channels. It also gives a high
suppression to local-oscillator leak.

The transmit signal filter is required to give
adequate suppression against the local oscillator
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Figure 7—Transmitter-to-receiver response-frequency

characteristic for a nominal input level of —30 decibels
referred to 1 milliwatt,
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Figure 8—Transmitter-to-receiver response-frequency
characteristic for an input level of —65 decibels re-
ferred to 1 milliwatt corresponding to a 35-decibel fade.
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and unwanted sidebands. This filter also incor-
porates an output-level monitoring diode.

Both filters have to give minimum return loss
at the adjacent channels (*+58 megahertz) and
also a minimum reflection group delay at these
frequencies in their function of channel branch-
ing.

The group-delay characteristic is to be equal-
ized on a hop basis but temperature variations
of the order of 20 parts per million per degree
Celsius using copper waveguide would have
given too large a value of group-delay slope.
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Figure. 9—Group delay for a single hop at a super-
high-frequency nominal input of —30 decibels referred
to 1 milliwatt,
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high-frequency input of —65 decibels referred to 1
milliwatt corresponding to a 35-decibel fade.
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Thus “Nilo” waveguide having only 2 parts per
million per degree Celsius is used. It has to be
silver plated.

The filters are of maximally flat characteristic
and have a 3-decibel-down bandwidth of =20
megahertz. There are 6 direct-coupled sections.
The inductive obstacles used are symumetrical
irises. These serve the double purpose of fixing
the bandwidth of the adjacent cavities and act-
ing as the coupling between cavities. The filter
is required to be tunable over 200 megahertz,
that is, two groups are required to cover 3-8
to 4-2 gigahertz. To obtain a constant band-
width, a capacitive screw is adjusted on the
centre line of the gap between the irises (in the
same plane).

The cavities are tuned using capacitive screws
at their centres. These are made in quartz to
give minimum loss at the lowest frequencies and
to eliminate contact problems.

Since there are 6 tuning screws and 7 iris screws
to adjust, it is necessary to use a Smith chart

Microwave Radio RL4H in Slimrack Construction

plotter to indicate the swept reflection coeffi-
cient in magnitude and phase and also to dis-
play the transmission characteristic for align-
ment purposes.

7.2 LocAL-OscCILLATOR FILTERS

These are required principally to suppress the
unwanted sidebands of the multiplier chains
used in the local oscillators. The receive local-
oscillator filter is also used to reflect the signal
frequency to the input mixer with a minimum
of return loss and reflection group delay. The
transmit local-oscillator filter incorporates a
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Figure 11—Receiver noise figure for super-high-fre-
quency input.
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coupling diode used in the automatic-gain-con-
trol loop of the transmit multiplier panel.

The filters are of 3 sections with a 3-decibel-
down bandwidth of =8 megahertz and have a
Chebishev characteristic. They are made in
copper but otherwise are mechanically similar
to the signal filters.

7.3 Banp-Stop FILTER

This filter is used in conjunction with the up-
converter. It is required to reflect back the
unwanted lower sideband to give about 0-5
decibel greater efficiency. The output amplitude
and phase characteristics of the up-converter
need to be left unimpaired.

The filter used is a 2-section =+25-megahertz
maximally flat band-stop filter. The filter is
designed as two main groups, which are used
with different spacings from the up-converter.

The design used employs transverse resonant
rods for each section, quarter-wave coupled.
The bandwidth of each rod can be adjusted over
a given range by a capacitive screw. A further
capacitive screw, with fine trimmer, adjusts
the centre frequency.

The filter is positioned at about 2 wavelengths
from the up-converter crossbar to permit access
to the quick-release clamp.

7.4 Low-Pass FILTER

Although the signal filters have been designed
to give a minimum of holes in the 8-gigahertz
band, it is necessary to provide further suppres-
sion to reduce the harmonic output of the up-
converter.

The low-pass filter used is of coaxial form.

The design uses 6 sections incorporating alter-

nate lengths of high- and low-impedance coaxial

line. The coaxial circuit is housed in a solid

block mounted on the waveguide.

The 50-ohm coaxial outlets couple -via probes -

into the main waveguide at either end of the

filter. Short-circuit plates are inserted into the
waveguide to complete the two waveguide-to-
coaxial transformers.

The small excess reflection coefficient is spot
matched by waveguide impedance-compensating
SCrews.

The filter cut-off frequency is 5-2 gigahertz and
the suppression exceeds 50 decibels in the range
7:5 to 14-5 gigahertz, that is, the second and
third harmonic bands are adequately suppressed.

The cut-off frequency of the first waveguide
mode is 14-5 gigahertz, which could be passed
by the coaxial low-pass filter.

8. Circulator
The 3-port circulator serves three functions.

(A) Coupling the local oscillator and signal
frequencies at the mixers with the aid of filters.

(B) Channel branching.

(C) Isolating when fitted with a short absorb-
ing block.

The same design is used for these three
purposes.

A cylindrical block of yttrium-iron-garnet is
used. It is positioned between two discs of poly-
tetrafluoroethylene. This assembly is fitted sym-
metrically between triangular-shaped matching
steps at the centre of the cast ¥-shaped wave-
guide junction.

Matching screws are used to produce the final
typical performance of 0+ 12-decibel forward loss
and 40-decibel backward loss in the band 36
to 4-2 gigahertz. A field strength of about 1000
gauss is needed from the magnet.

9. Power Supply

In the terminal bay, the repeater power unit is
replaced by separate receive and transmit units

- which are fed independently. - These are of simi-

lar design and differ mainly in capacity.
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9.1 REPEATER POWER SUPPLY REQUIREMENTS

The power unit is required to work from a
primary direct-current supply of nominally 24
volts but with a possible range of 21-5 to 33
volts (either battery or rectified mains).

The outputs required are —19-5 volts at 900
milliamperes for the intermediate-frequency cir-
cuits, +28-5 volts at 1750 milliamperes for the
local-oscillator circuits, and —22 volts at 400
milliamperes unstabilized for the crystal oven.

The power unit was required to be small,
stable, of high efficiency, and of maximum re-
liability. Low impedance and low noise were
also necessary.

9.2 Circuit OPERATION

This is outlined in the block schematic of Fig-
ure 13. The three basic circuits are:

(A) Pre-regulator, which provides regulation
for input voltage variations.

(B) Invertor, which provides isolated output
voltages of different amplitudes.

(C) Stabilizers, which provide stabilization
against temperature, load variation, and low
output impedance.

The battery or rectified mains supply goes to
the direct-current-to-direct-current pre-regula-

SYNCHRONIZING PULSES

Microwave Radio RL4H in Slimrack Construction

tor through an input filter that filters out the
switching waveform generated in the power
unit and prevents noise being generated on the
battery terminals. The pre-regulator employs
pulse-width modulation to compensate for the
input voltage variation. The regulator consists
of a control circuit, series transistor, and
smoothing circuit. The control circuit under
control of the output voltage varies the time
during which the series transistor is saturated.
The control circuit controls this against input
voltage variation and load variation. The fre-
quency of the pre-regulator is controlled by a
synchronizing pulse from the invertor. The
switching waveform is smoothed by a swinging-
choke filter circuit, which has a good no-load
characteristic.

The pre-regulator works at an efficiency of the
order of 90-95 per cent over the range of
operation of the power unit.

The output of the pre-regulator goes to the
direct-current-to-direct-current invertor, which
steps up the voltage at 2-5 kilohertz and pro-
vides semi-stabilized supplies for the two series
stabilizers. The invertor is driven by a saturat-
ing-current driver transformer that determines
the frequency of operation. The output is recti-
fied and a smoothing circuit is incorporated to
eliminate high-voltage high-frequency spikes.
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Figure 13—Power supply.
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The series stabilizers provide low-noise low-
impedance outputs that are temperature com-
pensated to give variation of less than =1 per
cent in the range 0-70 degrees Celsius. The
output voltage is set to within =1 per cent by
an 8-step control. The frequency response of
the sensing and amplifier circuits gives a low
output impedance up to 1 megahertz.

The outputs from the stabilizers go to the meter-
ing circuits, which provide for the monitoring
of the currents and voltages. The currents to
each major panel are shunted and by a switch
on the power unit can be monitored on the
meter panel.

9.3 PROTECTION

All outputs are protected by an over-voltage
trip circuit and a single over-current trip on
each stabilizer. The outputs to units not di-
rectly in the transmission path are fused so that
a fault on these panels cannot affect the trans-
mission path.

The over-voltage and over-current protection
circuits operate the trip circuit, which is a
3-coil double-reed relay that latches on and
switches off the series transistor in the pre-
regulator. The trip is reset by switching off the
main supply for 30 seconds.

The power unit itself is protected from failure
of the pre-regulator circuit by an over-voltage
circuit in the pre-regulator which operates the
protection circuit consisting of a silicon con-
trolled rectifier in conjunction with a high-
rupture-capacity fuse. The circuit is further
protected by a diode that blows the input fuse
should the input voltage polarity be reversed.

The power units have high efficiency, about 66
pef cent, due to the incorporation of the switch-
ing-type pre-regulator. This also has the effect
of giving an overall regulation with input volt-
age of better than 10 000:1. Noise is less than
1 millivolt root-mean-square up 10 megahertz.
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10. Meter and Alarm

10.1 FuncrioN

The meter and alarm panel is used to indicate
the monitored levels shown on the transmission
schematic of Figure 1. It further indicates the
correct voltages and currents of all the stabilized
power supplies in conjunction with the power
unit switch. Thirdly it contains the bay alarm
circuit incorporating flag indicators at the top
of the bay.

10.2 LeveEL INDICATION

The various monitoring diodes are connected
via potentiometers on the meter panel to the
meter. These potentiometers are set such that
for nominal operational levels the indication is
central within a blue band, the ends of which
represent the normal limits. A decibel scale is
provided for the super-high-frequency input
level.

10.3 VoLTAGE AND CURRENT INDICATION

The power unit switch is employed for this
purpose. Voltage indications should align with
a red line in the centre of the blue band on the
meter. Current indications should lie within the
blue band.

10.4 ALARM SEQUENCE

When the bay output level as indicated by M1
in Figure 1 drops by 4 decibels, the ALARM oN
flag indicator opens. The alarms would operate
both in the local station and control station.

Manual switching of the meter panel key would
indicate by a lamp whether the fault occurred in
the receive or transmit section of the bay.
Whilst this key is depressed the ALARM OFF flag
will be open with the ALARM on flag closed.

After the fault is remedied the alarm lamp will
go off on the meter panel and the keys may be
raised to restore normal conditions.
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The same alarm procedure will be followed for
a 4-decibel drop in power to the intermediate-
frequency squelch panel when the squelch will
operate and also when the intermediate-fre-
quency gain is set to manual.

11. Maintenance

The slimrack has been designed with a relia-
bility target corresponding to a failure rate of
3 per cent per 1000 hours. With this in mind,
the maintenance philosophy is that of replace-
ment modules. Thus all panels have been made
easily removable. The four panel units with
waveguide ports have quick-release flange con-
nections.

Minor adjustments to the intermediate-fre-
quency panels can be made if desired by using
a “hook on” tray onto which the panels can be
placed leaving the wire-wrapped joints un-
broken.

12. Conclusion

The RL4H slimrack is of low cost and low
power consumption. It has the advantage of
requiring much less floor space than previous
radio bays and, being all solid state, has high
reliability.

H. S. V. Reeves was born in London on 3
September 1927. He received a B.Sc. honours
in engineering (telecommunications) from Lon-
don University in 1951,

He joined Standard Telephones and Cables at
North Woolwich in 1951 and worked on the
development of waveguide components for mi-
crowave radio bays, particularly on filters and
mixers.
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Security of Interlocking Systems for

Railroad Track Switching
WILHELM SCHMITZ

Standard Elektrik Lorenz; Stuttgart, Germany

A previous article * compared the geographic
system with the relay technique hitherto known
with regard to the three most important prob-
lems, namely: route search, flank protection,
and signal aspect selection. Despite the ever-
increasing application of the geographic system
on world railroads, questions have been raised
by experts as to the safety of the new system.
Thus a comparative paper on the two most im-
portant interlocking systems might be of inter-
national interest at this time. The diagrams
follow the rules of The Association of Ameri-
can Railroads.t

It is possible to establish the following natural
conditions from the protection procedure.

(A) Establishment of route: Permissibility
proving, points setting (individual setting, route
setting).

(B) Route protection: Clear proving, flank
protection, overlap, locking (route locking, in-
dividual locking).

(C) Signal control: Establishing normal posi-
tion. Setting signal at STOP, release (route
release, partial release, individual release), set-
ting lock levers.

The various types of interlocking systems will
now be considered in the light of these pro-
cesses.

1. Interlocking Techniques

1.1 MEcmuaNicAL INTERLOCKING

In mechanical interlocking systems the points
and signals are set directly and mechanically

*W. Schmitz, “Geographic Relay System for Railroad
Interlocked Routing,” Electrical Communication, vol-
ume 39, number 3, pages 383-402; 1964,

T “American Railway Signaling, Principles and Prac-
tices, Chapter XX, Interlocking Circuits,” available
from Association of American Railroads; George Mc-
Cann, Secretary; 59 East Van Buren Street, Chicago,
Illinois 60605, at $1.20 per copy; plus postage.
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by the signalman. The relationships between the
control levers are also determined by mechani-
cal means (mechanical locking dogs).

1.1.1 Establishing the Route

Since the points are connected mechanically
with their signal-box levers by rods or steel
wires, it can be safely assumed that the points
will follow the lever movement. In the standard
interlocking of the Deutsche Bundeshahn the
points are set by double wires. They rely on
the points following the wire movement. A
wire-breakage lock is incorporated in the points
drive for protection against wire breaks. This
blocks the drive, thus holding the point in its
position.

To establish that all the points needed for the
route are in the correct position, a slide, con-
nected with the signal lever, permits the signal
lever to be thrown only when the points levers
have assumed the correct position. The points
levers cannot be thrown if they are locked by
the route slides of a route.

1.1.2 Route Security

By route locking, the route and signal slides
in the locking frame are rendered mechanically
immovable. The route is to be released only
when the train has moved and the route cleared.
For this reason the slide or lever is provided
with an electrical lock, which is released auto-
matically by the train or manually by a man
who is observing the clearing of the route.

1.1.3 Signal Control

The route slide in the mechanical locking frame
releases the signal levers.

As a rule only semaphore signals are used. In
mechanical interlocking, light signals would
ustally be employed only when an entire sec-
tion is uniformly equipped with light signals.
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Since the signal box is designed for mechanical
signal control, when light signals are used the
levers must also be provided with suitable con-
tacts and the signal box with relays.

1.1.4 Establishing Normal Position

The signals can be restored manually by pulling
back the lever or are automatically brought to
the STOP position by the train movement. All
the exit signals on sections with block protec-
tion must be automatically set at STOP by the
train movement, so that the train is protected
from following movements on the same section.
Semaphore signals are provided with a signal
arm coupling, by means of which the rigid con-
nection between signal arm and actuating wire
can be electrically released.

After the train movement is completed, the sig-
nal and route levers must be restored by hand.

1.2 ELECTROMECHANICAL INTERLOCKING Sys-
TEM

The power for the electromechanical interlock-
ing system was generally taken from batteries
as security against failure of the power source.
It is only in the past 20 years that the longer
distances to be controlled brought about the use
of alternating current, including polyphase sys-
tems, for control. The mechanical locking frame
was retained.

1.2.1 Establishing the Route

The direct relation between the position of the
points lever and the position of the points in
. mechanical interlocking is not inherent in elec-
tromechanical interlocking. The lever move-
ment closes contacts through which electric
power is sent via cable conductors to an electric
actuator or electromotor that sets the points.
This motor sets the points via rods through a
coupling so that positive action is not assured.
The coupling protects the motor from overload,
and permits trailing of the points machine. Fail-
ure of contacts to close or the interruption of
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lines or cable wires would result in the motor
not following the lever movement. The points
movement therefore has to be detected and sig-
nalled back to the signal box. Thus, while in
mechanical interlocking the position of the lever
is the sole identification of the position of the
points, in the case of electromechanical inter-
locking there must be an additional indication
of position.

Route setting has been in common use in
France for about 60 vears. The reversal of a
route lever closes contacts that convey control
current to all the points machines concerned.
This type of route setting is now considered to
be essential. For permissibility proving by op-
erating the route push buttons or route lever
it is first of all possible to establish whether
all the necessary points settings are permissible.
Only then is control power applied to the ma-
chines. This method has the advantage over
individual points setting in that no points re-
versal is performed unnecessarily if for any
reason the route setting is not permissible.

Individual points setting is customary in Ger-
man electromechanical interlocking systems.
Conflicting routes are excluded by means of
locking dogs in the locking frame. Clearance
proving in the case of adjacent points is usually
obtained visually by the signalman and for very
distant points by electrical lever locks. The
latter consist of an electromagnet operated from
steady current via the points detector, their
armatures locking the points levers in the
dropped condition.

The points are generally set by direct-current-
operated electromotors. The standard circuit for
the German electromechanical interlocking sys-
tem is discussed in [1].

1.2.2 Route Security

In the German type electromechanical inter-
locking system the route levers and the signal
levers have been combined into a single route
signal lever. When the route signal lever is
thrown from O to 45 degrees it moves the track
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slide bar from a middle position to the right or
left according to direction of rotation. When
the lever reaches 45 degrees electrical locking
is automatically applied and only then can the
lever be moved to 90 degrees for the signal
control. Since for electrical points setting not
only the points lever position (mechanical) but
also the points position (electrical) have to be
checked, the route signal lever has, in addition
to the locking magnet, a lever-locking magnet
that is energized only when the detection mag-
nets of the points belonging to the routes con-
cerned are energized.

1.2.3 Signal Control

Modern German electromechanical interlocking
is designed for the setting of semaphore and
disc signals by motor mechanisms. For corre-
sponding circuits see [2]. To improve visibility
it was decided to introduce light signals [3],
which were controlled by relays. The first light
signals were operated with direct current, finally
with double-filament 50/50-watt lamps. After
the war, Germany changed over to alternating-
current light signals. Three-contact double-
filament 12-volt lamps are supplied from trans-
formers with full voltage in daytime and re-
duced voltage at night. Both lamp filaments are
used only for red signals.

For signal control the route signal lever must
be thrown beyond 45 degrees. By mechanical
blocking this is permitted only when the arma-
ture of the locking block has dropped in and
thus the lever is blocked from going back from
45 degrees.

1.2.4 LEstablishing Normal Position

For automatic setting of the signals to indicate
danger, contacts for the relay of the insulated
rail are inserted in the signal control circuits.
These relays, as will be seen later, are used for
the route release.

The locking magnet that blocks the route signal
lever from being moved backward from the
45-degree position is energized by relays in
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the track circuit, when the latter is cleared by
the last train axle. The route signal lever is
thereby released, so that it can be set back from
the 45-degree position by hand. In the release
circuit the signal control relays are checked for
release. The stop position of the signal is often
directly detected in the release circuit.

To establish the normal position, the route lever
must be restored to normal so that the track
slide bar again cancels the blocking of the con-
flicting levers.

1.3 RELAYy INTERLOCKING SYSTEM

This type of system has electrical interlocking
between the control members by means of relay
contacts, in addition to electrical points and
signal control. The only mechanical interlocking
still required is in the construction of the inter-
locking relays. In these devices two relays are
mechanically coupled in such a way that one
armature is always operated and the other re-
leased, the released armature holding the other
operated. The use of such interlocking relays
or magnetic locking relays is essential if a
change of position of contacts is to be avoided
in the event of a power failure.

1.3.1 Establishing the Route

Relay interlocking systems at the present time
can be designed with the advantage of route
setting, which is a simple matter. For each
route, one latching relay is provided, which is
designated as the allotted route. Since in relay
interlocking the entrance-exit control predomi-
nates, the route relays are switched on by the
push buttons assigned to the section and station
tracks. The permissibility proving is effected by
the contacts (inserted in the circuit of the route
relay) of the conflicting route relay. To in-
crease the protection from conductor faults, the
contacts are arranged in duplicate. Contacts of
the route relay connect the points setting relays.
The locking circuit of the route relay replaces
mechanical interlocking and also checks whether
the reversal is permitted before a points control
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relay is energized. The proving of the clear con-
dition should be carried out in the locking cir-
cuits of the route relays, so that the permissi-
bility proving is complete. For this, contacts of
the track circuits at the points must be switched
into the circuits of the route relays. However,
clear-proving is often effected only in the points
circuit.

To control over long distances, the German
Bundesbahn uses 3-phase-current points ma-
chines, which are controlled by an unearthed
circuit using only 4-conductor cable. The 3-
phase circuit is shown in Figure 1. The detec-
tion current is passed through all 4 conductors
in the switch machine. The indication of a
trailing condition is effected by a trailing relay

Security of Interlocking Railroad Track Switching

WTR, the operation of which is checked auto-
matically in service.

In the normal position detection relay WK is
energized by current flow from B to N. If the
point is to be thrown, then the push-button
relay PBRZ2 is energized and its contact PBR2
breaks the detection circuit so that WK re-
leases. Thereby in the relay circuit (not shown)
the position relays WPRI1 and WPR2 and the
two control-current relays WCRI and WCRZ
are energized. Operating current then flows in
the three phases via WCR2, WCRI1, WPR2,
and conductor RIW; through WCRI1, WPRI,
and conductor NW ; through WCR2, WCRI,
and conductor CI¥. The latter flows via the
transformer, so that the relay WCK 1is held

220/380 VOLTS
4A  04A  pBR2 AN, wcri v nw FIELD R
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v ® wro wex >
° *——0—x wer?t
WCK >
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N
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-\ —o ‘
weR? W FIELD vl
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el ANN——8 =
WCr2 werR1 ! FIELD
N
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Figure 1—Switching machine is operated from 3-phase power supply.

PBR = push-button relay
WCK =relay for checking switch correspondence
WK = relay for indicating switch position
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WPD = relay for detecting switch position
W PR = relay for changing switch position
W TR = relay for trailing switch.
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energized via the rectifier as long as the operat-
ing current is flowing. To start the drive the
current flows from conductor NI via field and
capacitor with resistor. Then contacts RI short-
circuit the capacitor. If the home position of
the points is reached, the contacts N2, R2
change over, and NI opens. The trailing mag-
net WTR is energized (to check its operation).
Relay W CRI1 is cut off. The interruption of the
control circuit causes WCK also to release,
since the power supply via transformer and
rectifier is cut off. The contacts WCK cut off
the power supply from IWTR via the trans-
former. WK now responds again to detect the
opposite points position. In the case of trailing
from the points position shown in Figure 1,
contact N2 opens and RI closes. The trailing
relay WTR is energized via line NI, contact
R1, and conductor CI¥. It establishes a locking
circuit for itself via contacts WPD and WCK.

1.3.2 Route Security

Every route is provided with a route relay RR
that effects the points control (see 1.3.1). When
the points are in the correct position a locking
relay RL is switched on for a group of routes,
and in Figure 2 it is used for routes A1 to A3.
This can lock the whole route or only parts of
it. In its circuit, for each point including flank
protection, the points position is detected by
WKN or WKR, the clear state by TR, and the
locking by W L. All the locking relays must be
latching relays so that there will be no inad-
vertent release of locking in the event of a
power failure. For extensive track systems with
a great many routes this circuit is so compli-
cated that the route-setting contacts available
when standard route relays are used no longer
suffice, so that many kinds of contact-saving
special circuits were introduced [4].
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Figure 2—Signal control circuits with relay interlocking.

WL =point locking relay
WKN =normal switch indicating relay
W KR =reverse switch indicating relay

TR =track relay
RR =route relay

RI =route locking relay

HDR = approach and proceed relay
DR = proceed control relay
HR = approach control relay.
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1.3.3 Signal Control

In relay interlocking systems in Germany, only
alternating-current light signals are used. The
light-signal circuit is similar in form to that
later used in geographic interlocking systems.
Since this type of system is dealt with in Section
1.4.3 there is no need to describe it here.

It is, however, worth noticing the connections
of the signal setting relays HDR, DR, and HR.
These are double connected as shown in Figure
2. By connecting the locking circuit and the
signal control circuit the necessary proving con-
tacts of the points can be used in common for
both tasks. All these contacts, however, are
doubled for protection from conductor faults.
First of all the route-locking relay RL is
switched over and then the same circuit passes
through signal-control relays HDR and DR
and HR, respectively.

1.3.4 Establishing Normal Position

In Germany relay interlocking systems are
equipped with full track circuits to the extent
that the permanent way permits. It is obvious
to use for the release the existing individual
track circuits of the points and track sections
instead of the insulated rail with track contact.

The route is therefore released at the moment
at which the last axle of the train clears a sec-
tion, while another section is occupied. The
cooperation of several sections is necessary to
prevent the track relays from releasing when
there is a mains failure.

Since all the contacts of the points relays had
been doubled in the signal control relay circuits
of Figure 2 to increase the security, the return
to the stop positions of the signals accordingly
become safer. The security is also further in-
creased by the fact that all the track relay
contacts of the route are included, so that in
the exit movement all the TR contacts break in
sequence. Since two signal control relays are
cut off, it is impossible for both of them to
fail to release.
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1.4 GeoGraPHIC SYSTEM

1.4.1 Route Establishment

In the geographic system a route is made up of
standard units assigned to the various functions
such as signals, points, and track circuits. To
obtain a relationship between the starting point
and the destination point, the requisite condi-
tion is first determined (permissibility proving)
and then established in a route search circuit
for each point. The route search has already
been dealt with in detail in an earlier article
[5]. Figure 3 now reproduces the circuits in-
cluding proving the points for availability. The
two circuits begin by push-button contacts PB
and end on relays XR and NR, respectively.
Relays IV and R are assigned to the points and
each of these is connected from points to points ;
they determine the necessary points position.
The push-button contacts PB are bridged by
contacts of the end relays XR and NR, re-
spectively, so that after the route push buttons
are released, the desired route is maintained.
If the depressed buttons are released before the
route search circuit is completely switched
through in both directions, the whole circuit
returns to normal.

If we consider permissibility proving in detail,
we recognize that conflicting routes are fully
excluded by the contacts N and R. A circuit
channel locked against all conflicts corresponds
to the selected route. Through the effect of
contact J7L, in the case of route locking, there
can be no route search beyond this point. This
of course presumes that separate locking devices
are used for route and flank-protection locking.

The clear proving of the points is an easy
matter with the geographic technique, since a
track relay contact TR is introduced into the
route search circuit. For circuits that are also
to be used for shunting routes that have not
been proved clear, as shown in Figure 3 the
contacts TR can be bridged by contacts WPR
so that the route search circuit can be switched
through when the points track circuit is occu-
pied, only when the point is not to be moved.
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Figure 3—Route search.
N = normal relay
NR = entrance relay
R =reverse relay
TR = track relay
W PR = track position relay
W L = switch lock relay
XR = exit relay.
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Only after the completion of the route search
is the movement of the points initiated, as far
as is necessary, in a further geographic circuit.
According to Figure 4, by means of contacts
of the end relay X R for the points, W R is con-
nected when it is established by contacts N, R,
and W PR that the point is to be moved. The
points reversal is effected by contacts W R and
WPR. The points circuit corresponds to the
circuit of I'igure 1 for relay interlocking.

1.4.2 Route Security

In the geographic technique, as we have al-
ready stated, every point has its own locking
device which, when the points are in the correct
position, is energized in another geographic
circuit.

Security of Interlocking Railroad Track Switching

If a flank protection point is in a wrong position,
it 1s brought into the correct position through
the locking contact of the running point contact
W L1. If the point is correctly set then a locking
latching relay WLZ2 is operated. Thus every
point has two locking latched relays: J/7L1 for
locking in the route and W L2 as flank protec-
tion.

1.4.3 Signal Control

Very extensive safety measures were intro-
duced into the circuits of the signal operating
relays in the geographic technique. The three
operating magnets HDR, DR, and HR were
retained, although the inadvertent depression of
relay armatures had been precluded by the de-
sign. As shown in Figure 5, two bipolar
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Figure 4—Initiation of control of switches.
N = normal relay
R =reverse relay
W PR = switch position relay
WR = switch control relay
X R = exit relay.
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switching circuits are provided, one of which is
used for the connection of relay HDR, the other
for controlling the aspect relays, DR and HR.
Furthermore, to produce similar effects at both
ends of the route, auxiliary relays FRX and
FRN, and FIX and FIN, are provided both
at the entrance and at the exit. The light signal
circuit of Figure 6 now contains, in addition to
the known repeaters and the proving relays,
CDR and LOR, an auxiliary relay SCR at the
signal and the two relays JVRI and VR2 re-
quired for automatic train control,

For the signal control in Figure 5, the contact
NR in the signal set closes a circuit via
conductors 18, relay FRX in the destination
set, conductors 38, to the relay FRN of the
signal group. Then the control relay HR is
energized, starting from contacts FRX via lines
19 and 39. Contacts of relays FRN and HR
test the light signal circuit since in Figure 6
relay CDR is connected through contact DR,
G transformer, contacts HR, FRN, resistor,
and FRN. The control relay HDR is switched
on by contact CDR via HR and FRN, which
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‘ > lwer v > v
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Figure 5—Signal control for geographic system.
CDR = cross-connection detection relay NR = entrance relay
DR =proceed relay P = program plug
FIN = entrance traffic indication relay SCR = light changing relay
FIX =exit traffic indication relay TR = track relay
FKN =normal flank indication relay WK = switch indicating relay
FKR =reverse flank indication relay WKN = normal switch indicating relay
FRN = entrance traffic relay WKR = reverse switch indicating relay
FRX =exit traffic relay WL = switch locking relay
HDR = approach and proceed relay W PR = switch position relay.
HR = approach control relay
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cuts off relays FRX and FRN. At each of the
ends of the geographic circuit in Figure 5 a
detection relay FIX and FIN is energized,
whereupon HRD establishes a locking circuit
for itself: FIX, 18, WL, TR, WK, WPR,
FKN, 18, HDR, FRN, relay HDR, FIN, 38,
FKR, WPR, WK, TR, WL, 38, and FIX.
To bridge the switchover time the control relay
HDR is retarded by 2 scconds (also required
when there is a mains failure).

Security of Interlocking Railroad Track Switching

If we assume that the signal is to be set clear
without speed restriction, relay DR will be
connected and relay HR cut off. On the other
hand, if “line clear for restricted speed” is to
appear, DR is not energized and HR remains
connected. This different effect is obtained by
switching over program plug P in the points
circuit. In Figure 5, the plug P is connected to
negative feed in the left-hand points position,
but to the “through” feed in the right-hand
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Figure 6—Light signal circuits.

CDR = cross-connection detection relay
DR = proceed control relay
ER = emergency red light
FRN = entrance traffic relay
G = green light
HDGK = approach and proceed indicator
HDR = approach and proceed relay
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HR = approach control relay
LOR = light out relay
R =red light
RGK = stop indicator
SCR = light changing relay
VR = automatic train control relay
Y = yellow light.
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position. Then HR is inserted in the left-hand
and DR in the right-hand position.

In the green aspect lighting circuit of Figure
6, either green lamp G alone is connected by
HDR with DR, or in series with yellow lamp ¥
through HDR with HR. 1In the first case the
relay JVR1 is switched on, in the second case
relay SCR is operated and then via its contact
G, Y, and relay VR2 are switched on. Contact
VRI or VRZ2 interrupts the red light circuit,
whereby its detector RGK1I releases. The latter
cuts off LOR so that now the route detector
HDGK responds. Relay LOR is thus proved
for release every time a signal is cleared. Relays
VRI and VRZ2 are also used for switching on
the train control (ATC = automatic train con-
trol).

1.4.4 Establishing Normal Position

The signal is set at stop by the track relay
contacts in the signal setting circuits when the
train moves. Since the track relay contacts in
the control circuits of Figure 5 are arranged in
duplicate in two different circuits, the protection
of the stop condition is greatly increased, even
beyond that of the relay interlocking system.

It is peculiar to the geographic system that it
locks each individual point (and consequently
releases each point) in accordance with the dis-
tribution of the route circuit on the individual
points. In our geographic interlocking system
the release is effected by the cooperation of the
track circuit of the points to be released with
the two adjacent track sections. The following
conditions are electrically proved in this case:
release of the point that had previously been
run over, occupation and release again of its
own section, and occupation of the next section.

Since the route push buttons return to normal
after operation, no control operation is neces-
sary at the time of release or afterwards.

An auxiliary relay is assigned to each points
group for emergency manual route release.
These auxiliary relays are connected to a geo-
graphic circuit, which for the auxiliary release
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is manually connected from the exit end. To
ensure readiness for action for this purpose, a
geographic circuit is used that also initiates the
locking of the points, but now energized with
30 volts alternating current instead of 60 volts
direct current. Since the release of a point de-
pends on the release of the previous point being
completed, the auxiliary release acts from the
exit end even when a part of the route is ready
to be released by the train movement. For this
reason the release from the entrance end is not
appropriate. It would require additional means
for the auxiliary release of partially released
routes.

2. Degree of Security

We will now investigate how safety is obtained
in the four different systems. We shall begin
by considering the circumstances that might
impair safety and the steps taken to deal with
such conditions.

2.1 MECHANICAL INTERLOCKING

Lever reversal is prevented in the locking sys-
tem by mechanical locking members. These
members are subjected to heavy stresses and
thus heavy wear. If frequent attempts are made
to reverse locked points levers this wear be-
comes important. The interlocking system does
not indicate wear, and the mechanical locking
margin may be gradually reduced until there is
no lock. The remedy is to inspect existing
margins at certain time intervals and to replace
the badly worn parts. The margins are reduced
not only through wear on the locking edges and
surfaces but also through wear in joints and
bearings. The clear-proving of the state of
points is nearly always done by visual inspec-
tion and is therefore subject to all the weak-
nesses due to external conditions (weather,
night) and human error. Electric lever locks of
the points controlled by direct-current circuits
are rarely used because the displacement force
exerted by hand permits only small areas of
control. Lever locks of this kind have to be
heavy because of the displacement forces. Even
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when these forces act only on the latches, the
lever locks continue to be subject to heavy wear
in the event of frequent attempts at reversal.

The security of the points setting is provided
by the security of the points-throwing during
the lever movement. Part of this security is
provided by the wire-breakage lock. “The
efficiency of the wire-breakage lock depends on
the springs remaining permanently operated
and the locking levers remaining easily rotatable
on their shafts, that is, not corroded. It is a
question of maintenance, of keeping all equip-
ment efficient by frequent proving, and by
lubricating the joints and slides.” [6]

If the point is trailed, the lever trails, because
the pulley is released from the coupling, this
condition causes the tappet rod in the mechan-
ical locking to be moved and a red fault sign
appears on the lever. The coupling can be put
into engagement again with a resetting lever.
“The coupling spring is much more powerful
than the latch spring. It is adjustable, so that
the coupling force can be varied. If the spring
were too powerfully strained, this might pre-
vent the trailing in some circumstances, for
which reason the coupling force is adjusted in
the factory of the signal manufacturers to 85
kilograms (187 pounds) and the setscrew se-
cured by rivetting.” [6]

Penzlin |7] gives some information about
maintenance and the cause of faults. “Renew
the wiring when 4-millimeter wires are weak-
ened by rust by 1 millimeter in diameter and
S-millimeter wires by 1.5 millimeters. Renew
wire cables when the galvanizing is completely
removed by weather and torn or rusted through
more than 1/10... Cables heavily exposed to
rust should be moderately greased in dry
weather.” There are detailed instructions as to
what must be done if the points wires break.
The following faults are emphasized: wire or
cable breaks, wire twisting, foreign bodies get-
ting into rollers, and equipment requiring more
than normal force. The mechanical locking must
be thoroughly inspected, tested, and cleaned
once a year. Any worn lock parts and rollers
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must be renewed. The permissible wear must be
determined by gauge. The points levers must
be proved every three months. All the most im-
portant parts, such as springs, must be dis-
mantled and dimensionally checked annually.

For the maintenance of the route locking,
Penzlin considers that the {following work
should be done once a year : cleaning, removing
waste oil, testing springs, determining back-
lash, friction, clamping, proving whether there
is the regulation distance of 0.5 to 1 millimeter
between latch and locking hook.

Check gauges have been designed to check all
tolerances. For the block lock, multistage check
gauges A to £ were designed.

The electrical slot coupling is used for auto-
matic signal replacement, together with the
track contact, which also elfects the route re-
lease. Penzlin checks the slot coupling by inter-
rupting the coupling current. “In the case of
signals with electrical slot coupling, oil the
signal-arm brake every three months, take the
air brake off once a year and thoroughly clean
it. When the coupling current is interrupted the
arm that is at clear must drop freely to % of its
stroke.”

Generally speaking, circuit faults are not taken
into consideration for the circuits in mechanical
interlocking. Thus, the cable conductor to the
coupling magnet is not protected from incident
voltages or contact with other live cable con-
ductors. Protection from wire breakage is pro-
vided by the natural circuit. Thus, the circuit
of the insulated rail is protected from cable
conductor breakage, but not, for example, from
conductor contact. No safety measures are
taken in the internal circuits.

2.2 ELECTROMECHANICAL INTERLOCKING

Although the forces that may be exerted on
the small points levers are much less in electro-
mechanical interlocking than in mechanical in-
terlocking, nevertheless the locking members
and margins are also less. In the interlocking
frame any important reduction of security can
be prevented only by regular examination.
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The various mechanical interlockings of the
point levers (armature lock, battery switch,
release magnet) and the route signal levers
(lever locks with the two locking stages at 30
and 65 degrees and with the route lock at 45
degrees) require for perfect operation not only
no wear but also exact adjustment to the lever
contact arc. The operating tolerance of the lever
contacts is usually only 5 degrees of lever
movement. The points circuit was the first to
be given very high grade circuit security in the
German interlocking system. The first safety
check was also set up for this circuit. The de-
tection magnet permits the complete reversal
of the points lever only when it has released.
When the points lever is thrown over, at first
only one negative feed is cut off by the battery
switch contact, the detection magnet does not
drop back if there is a faulty connection to
negative. By lever locking when the detection
magnet is in the operating state, the further
throwing over of the lever and therefore points
reversal are prevented. These mechanical rela-
tionships require careful maintenance. In addi-
tion to the regular proving of these interlock-
ings, Penzlin [8] requires that the points levers
be cleaned of dust and metal abrasion every
three months and that all contact positions be
checked. The control and detection fuses are to
be checked by random tests for blowing. For
the points machines, Penzlin requires monthly
checking by hand cranks, and that the machines
be taken apart completely, cleaned, and worn
parts replaced once a year. The contacts in the
machine must be examined every two weeks
for signs of burning, and after 1000 operations
the motor brushes should be cleaned and worn
parts replaced. Penzlin also recommends the
following for electrical proving; setting the
route signal switch and interrupting all the
contacts in the lever-blocking circuits to check
that the circuit is correct.

The signal machines also require similar main-
tenance work. The most dangerous defect is
the failure to return a signal to stop. If spurious
current passes into the conductors to the
coupling, the semaphore signal arm does not
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drop. A mechanical jamming in the electric
coupling of the signal arm, however, which
would prevent the signal from dropping to stop,
is also to be reckoned with. This in turn will
have resulted in sequential interlocking, by
which the resetting of an arrival signal be-
comes dependent on the previous stop aspects
of the exit signal.

If we look at the circuits we find that no pre-
cautions have been taken against circuit defects.
The release circuit and the circuit of the insu-
lated rail show no improvements over the cor-
responding circuits of the mechanical inter-
locking system, although the possible defects
are considerably increased by the increased
length of the circuits.

Circuit improvements for increasing safety
began in the cable connections between signal
box equipment and external plant, both in the
circuits of the light signals and also particularly
in the points circuit (owing to several serious
risks).

The light signals are switched on by two relays.
It was feared that a relay might be inadvert-
ently operated by hand. As soon as extraneous
voltage enters the connecting conductors of one
of the operating relays, the relay responds, even
when the lever has not been thrown over. The
protection was increased by detecting the re-
lease of the relays in other circuits, for example
in the release circuits. However, if extraneous
voltage enters a lever conductor when the lever
has been thrown, then if a points detection con-
tact is interrupted, not only this lever but also
the others will remain energized. Thus there
are no effective precautions against conductor
faults in the interlocking system. In the light
signal circuit also provision is made only for
protection from cable faults, preferably from
conductor contacts of the route setting wires
and incidence of voltage in one of the two con-
ductors. Any contact between the return con-
ductors would be unnoticed.

From the points circuit a safety indication was
given in [1]. The following cable faults were
taken into consideration: breakage, line contact
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in the various switching states even between
two points, earthing shorts, spurious current
(incidence of 34 or 136 volts direct current) in
cable, and nonresponse and nonrelease of one
of the three magnets. This relates only to the
cable connection between lever mechanism and
machine.

2.3 RELAY INTERLOCKING

Since in relay interlocking there is no mechan-
ical safety interrelationship, much more care and
expense have been applied to the safety of the
switching means. The bipolar circuit commonly
used can be endangered only by two particular
faults, incidence of voltage on the left and
wrong connection with negative on the right of
the relay. One of these faults may continue until
the danger condition occurs through the sub-
sequent appearance of the second fault. The
protection has thus become much more reliable
as compared with the internal switching of
electromechanical interlocking. The safety of
the points circuit will be discussed in relation
to the geographic technique, because this is
already adjusted to their degree of safety.

The combination of route locking and signal
lever connection also means bipolar circuits for
the locking device, although it was introduced
only to protect the signal lever. Here again the
weakness of the bipolar circuit (we have al-
ready mentioned that not every fault becomes
perceptible in a restrictive sense) means that
there is not complete security. In addition,
when there is locking due to failure, the signal
levers are also switched on. Despite the contact-
saving circuits, therefore, it would be better to
arrange locking and signal levers in separate
circuits.

2.4 GEOGRAPHIC SYSTEM

Since the circuits of the geographic interlocking
system were only designed once, without fur-
ther adaptation to the various station layouts
for any number of signal boxes, these circuits
have been given much more care in the design
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stage. For each individual circuit an extensive
safety index was established.

Although the route search circuits (Figure 3)
represent only simple circuits for the inter-
connection of the operated entrance and exit
push buttons, here again, because of the geo-
graphic arrangement, switching errors become
perceptible by restricting operation.

The security of the points circuit is very im-
portant. Inadmissible movements of points can
endanger the safety of a train. For the points
circuit of Figure 1, as in the case of all the
circuits of this system, an extensive safety
check index was made, which was examined by
the German Bundesbahn before the circuit was
approved. The security check was expanded to
cover the following errors. If they are not suit-
ably protected, relays might be inadvertently
operated by hand. Relays do not release or do
not respond. Nonclosing of contacts in switch-
ing plant and in the machine. Interference
voltages on the terminal strips of the relay
groups. Disconnection or short-circuit in the
case of resistors, diodes, transformers, and
capacitors.

The proving of the nonrelease or nonresponse
of relays is intended to prevent the successive
relays from responding or releasing or the
points setting circuit from being established.
The other types of interference cause the repeat
relays not to respond or even in rare cases not
to release. In a few cases of trouble, usually
the incursion of negative potential (in the case
of earthed systems = earthing short), a fuse
is destroyed.

The safety list for the points circuit contains
113 pages, showing in the form of tables the
effects of 310 types of faults. Of these, only 15
cause the destruction of a fuse in the points
circuit concerned; 4 others result in the de-
struction of the fuse in the source of the
extraneous interference voltage. Of the faults
considered, 15 are due to the nonrelease and
15 to the nonresponse of a relay. Consequently
280 of the faults investigated affect conductors
and components other than relays.
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The greatly increased safety of geographic
(Spurplan) circuits is very clearly demon-
strated in the signal-setting circuits (Figures 5
and 6). All the interlockings are in duplicate
in two separate circuits. For this purpose the
circuits are reversed in polarity so that any
fault becomes immediately perceptible in re-
stricted operation. There is also much greater
security in the lamp signal circuit. The proving
relay proves the clear circuit not only for short-
circuits but also for spurious voltage. In every
signal for clear setting a check is made of the
readiness for operation of the emergency red.
The extinction of the red lamp by the automatic
train control relay ensures that the red lamp
is actually switched off only by the clear lamp.

3. Comparison of Security

In the first 70 years of the development of
railroad signalling systems, there was a gradual
increase in the security obtained, due to the
recognition of uncertainties or even accidents.
In the 30 years that followed, effects were made
(without neglecting security requirements) to
put the emphasis on the speedier and more
rational handling of the service, showing a clear
trend from heavy to lighter construction. In this
development, the following principles, (A)
through (J), have become clear.

The original idea of ensuring security by means
of heavy structural parts was found to be im-
practicable. Heavy movable parts also mean
correspondingly heavy wear on those parts.
For this reason careful maintenance is essential.
Checks on wear must be made at regular in-
tervals to discover and replace worn parts
before the unreliability margin is reached.

(A) The security of the mechanical inter-
locking system and of the mechanical inter-
locking of the electromechanical interlocking
system is based on careful and timely main-
tenance.

The endeavour to rely less on the human ele-

ment for safety is another trend in the design
of interlocking systems. Instead of visual in-
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spection to assure a clear track, automatic track
repeater systems were devised. For route re-
leasing and giving line clear, train participation
was introduced instead of manual operation,
and so on. The multiplicity of such measures
and their simplification were achieved only after
serious human failures.

(B) Security must not depend on the human
factor but must be ensured by automatic means.

It is not justifiable to make security depend on
the regularity of inspections and maintenance
work.

(C) .The interlocking equipment alone is in-
tended to ensure security. Faults in this equip-
ment are to result in failure of the intended
operations (points or signals cannot be set)
but no unsecured settings must be possible.

To keep the active forces and therefore the
wear on equipment as low as possible, small
levers are used (which became possible only
when electromechanical interlocking was intro-
duced), but at the same time the dimensions
of the interlocking gear and therefore of the
security margins were reduced to such an ex-
tent that the degree of safety of these mechan-
ical devices was not greatly increased. As
interlocking systems hecame larger, as in the
case of the multirow interlocking system, in
fact, safety was even reduced by further reduc-
tion in the interlock-gear margins.

Locking magnets are widely used in electro-
mechanical interlocking systems and operation
of these magnets depends on contacts in other
equipment. Their armatures mechanically influ-
ence the interlocking system. Only after a great
deal of experience had been collected and eval-
uated was the fear of nonrelease of de-energized
magnets due to remanence replaced by attempts
to provide protection by means of armature
locking. When levers are thrown over, the
energizing circuit for the magnet is cut off.
The further throwing over of the lever is pre-
vented by means of an armature senser that
acts if the armature does not release. Moreover,
in the earlier signal relays there was wear on
the bearings and also sticking trouble.
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(D) The old fear of nonresponse of electrically
released relays as a result of remanence no
longer exists, due to modern scientific relay
techniques.

The interlocking system is connected via cable
conductors to the external plant (points, signal
machines, et cetera). These cables could be
damaged in various ways when other work was
being done near them. The damage chiefly con-
sisted of broken wires and sometimes of crossed
wires. For this reason steps were taken to pro-
vide unimpaired security if cables were dam-
aged. The principle applied was that in the
event of faults, the relays would be in the
response or release condition and prevent
operations.

(E) Checking relays for response or release is
not now done to test the reliability of the relays
but to check the circuit for conductor faults.

Safety measures such as bipolar circuits are
rarely used in the internal wiring of electro-
mechanical interlocking systems because of the
expense. Conductor faults in the interlocking
equipment are usually disregarded in security
considerations, although they sometimes result
in danger.

A reliable signal relay is essential for a relay
interlocking system. To determine line faults in
the event of faulty energization, the relay must
now transmit this condition through another
contact to a third circuit, which restricts the
intended flow of operations. This requires that
contacts of the two relay conditions (respond,
release) must not be closed simultaneously.
This property of the signal relay is known as
compulsory control. This term does not mean
common coupling of the contacts with the
armature,

(F) Signal relays must be so designed that all
the contacts of the opposite condition are open
as long as one contact of the other relay con-
dition is closed.

When relay interlocking systems were intro-
duced, the circuits—even inside the system—
became much safer. Bipolar circuits were usu-
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ally employed. The degree of security of the
various switching measures was systematically
investigated [9]. Although the bipolar circuit
was not entirely satisfactory from the security
angle, it was extensively used because of its
simplicity and despite the relatively high cost.

(G) The switching circuits in relay interlock-
ing systems are additionally protected by se-
curity measures.

In the electromechanical interlocking system,
for example, a considerable proportion of the
safety interlocking devices is bridged, that is,
disconnected by an unintentional cross-connec-
tion between the conductor and the lever locks.
In relay interlocking such risks resulting from
simple faults are avoided by the inclusion of
safety circuits.

The geographical interlocking system is the
most complete form of relay interlocking hith-
erto known. Its most obvious advantage from
the point of view of security is the use of
standard geographic cables prepared and proved
in the factory. The entirely diagrammatic and
uniform allocation of the wires to the func-
tions to be performed eliminates the risk of any
faults due to human error. It is well known,
however, that conductor faults are most fre-
quent when reconstruction work is being done
on interlocking systems, if the latter have to be
individually wired on the spot. Experience has
shown that when a system is reconstructed
faults may occur through the nonremoval of
wires that are no longer needed, and these
faults are often undetectable even by electrical
proving of the new circuit. This cannot happen
in geographic interlocking systems, since all
the wires are removed when the old geographic
cables are dismantled. The old connections must
be removed before the new cables can be
connected.

(H) Geographic interlocking offers absolute
security from wrong interlocking connections,
even when reconstruction work is done in
interlocking systems. ‘

Since the circuits of the geographic interlock-
ing system are designed once and for all and
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can then be used for any number of signal boxes,
much more care and expense is devoted to de-
sign and proving by the manufacturers and by
the German Bundesbahn than would be possible
or even economically practicable in the indi-
vidually connected relay interlocking systems.
A comparison of the respective types of circuits
will confirm this. Since, moreover, the possible
faults have a restrictive effect, this circuit may
be said to have practically complete security.

(J) The geographic system has made it possi-
ble, by carefully calculated safety circuits of the
highest quality, to increase security to an extent
hitherto impossible.

As used in the signal control circuits of the
geographic systems, the bipolar safety circuit in
two separate and completely independent cir-
cuits, sometimes with reversal of polarity, pro-
vides a degree of safety hitherto unattained in
interlocking systems. It may be mentioned that
it was the geographic system that first made it
possible to arrange the entire security system
of the interlocking system in factory-wired-and-
proved interchangeable relay sets, which pre-
vents faulty wiring in these  switching units.

As a result of the above investigation it can be
confidently stated that the geographic inter-
locking system, apart from its known opera-
tional and economic advantages, is also the
safest known type of interlocking system.
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Recent Achievements

Symposia in Europe—Four symposia * were or-
ganized by International Telephone and Tele-
graph Corporation in cooperation with the
administrations and authorities of Portugal,
Czechoslovakia, Hungary, and Romania.

A Telecommunication Symposium was held in
Lisbon on 10-14 April 1967 with active par-
ticipation of the Lisbon and Oporto Universi-
ties and of major customers of Standard Eléc-
trica. The symposium was opened by Portugal’s
Minister of Marine, Admiral Fernando Quin-
tanilha de Mendonca Dias, and attended by
key representatives of science and technology.

In Prague, a Transmission Symposium was
held on 10-12 May 1967 and attended by some
100 specialists from the Telecommunication
Administrations, Ministry of Transport, Minis-
try of Technology, government import agency
Kovo, and the electronic industrial corporation
Tesla. See Figure 1.

Hungarian transmission specialists from the
Telecommunication Administrations, Elektro-
impex and Budavox, participated in the Trans-
mission Symposium in Budapest on 16-18 May
1967.

Approximately 200 top officials and engineers
attended the Transmission Symposium in
Bucharest on 6-8 June 1967. (Figure 2.) Par-
ticipants represented the Telecommunication

* Papers are listed on pages 562-563.

Figure 1—Prague Symposium with P. A. Hopfner of
ITT Europe speaking.
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Administrations, Bucharest University, several
state research institutes, and industry.

[Leading engineers of the International Tele-
phone and Telegraph System from Belgium,
England, Germany, Italy, and Sweden pre-
sented a wide range of papers on telecommuni-
cation techniques and equipment, notably on
pulse code modulation, one of our inventions.

International Telephone and Telegraph Corporation

Satellite Tracking Station Is Transportable—A
trailer-mounted tracking and control equipment
will monitor and guide in real time the first
orbiting of an active satellite lofted by an Eldo

launcher.

The earth station employs a short-base inter-
ferometer using 5 paraboloidal antennas, each
4.3 meters (14 feet) in diameter, and a master
simultaneous-lobing tracking antenna for moni-
toring. Trailers house the tracking receivers,
interferometer receivers, and associated digital-
data handling and monitoring equipment. An-
gular position and rate, slant range, and range
rate are measured with the cooperation of a
continuous-wave coherent L-band transponder

in the satellite.

Figure 2—Bucharest Symposivm. From left to right:
Messrs. Van de Velde, Bell Telephone Manufacturing
Company; Varga, Standard Telephones and Cables;
and Liekens, Bell Telephone Manufacturing Company.
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Orly Airport Gets Electronic Message Switching
Center—An electronic message switching cen-
ter, DS 66-3, was inaugurated on 23 May 1967
at Orly Airport (Paris) for the Air Navigation
Department. It is connected to the Aeronautical
Fixed Telecommunication Network (AFTN)
and replaces the Pentaconta semiautomatic cen-
ter installed in 1960. Equipped for 100 duplex
lines on cutover, the center immediately han-
dled the daily average traffic of 31000 mes-
sages. Operation conforms with the recommen-
dations of the International Civil Aviation
Organization (ICAO).

The high reliability exhibited over a full year
by the initial installation of this type for Air
France* confirms the value of duplicate re-
transnussion equipment with automatic switch-
over. New features include duplicated 300-line-
per-minute teleprinters for permanent record-
ing of daily traffic, a supervisory position
adapted to the particular installation, enlarge-
ment of the capacity of the temporary magnetic-
drum store to about equal the busy-hour traffic,
and a simplified and faster message retrieval
and retransmission system.

Compagnie Générale de Constructions Téléphoniques
France

Pentaconta Exchange in Como, ltaly—A new
Pentaconta telephone exchange in Como, Italy,
will replace the 40-year old rotary 74 exchange
of 7800 subscribers to which had been added a
7D unit of 5000 subscribers.

The new installation will have an initial capac-
ity of 14000 subscribers, 600 local junctions,
and over 1000 toll junctions. The designed final
capacity will be 30000 subscribers and 3000
junctions.

Located in the center of town and connected to
2 urban exchanges totalling 8700 subscribers

* “Telegraph Message Switching Assured by Syn-
chronous Operation of Duplicate Equipment,” Recent
Achievements, Electrical Communication, volume 42,
number 1, page 138; 1967.
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and to 9 rural exchanges totalling 2800 sub-
scribers, the new equipment has to use the same
rooms as the older rotary apparatus so there
must be a gradual replacement of the old by
the new.

Como, north of Milan, is well known as a resort
area and also for its industry. It has 150 000

inhabitants.
Fabbrica Apparecchiature per
Comunicazioni Elettriche Standard
Italy

Degassing Metals by Silver-Boat Technique—
Further research on the silver-boat technique *
has led to the development of methods for
degassing and consolidating metals.

The silver boat can take the form of a canoe-
shaped vessel made of one or several tubes as
illustrated in Figure 7. Water passed through
the tubes ensures that the boat remains cool.
However, a metal charge in the boat can be
melted by eddy-current heating induced by a
radio-frequency field. Some levitation occurs
at the molten zone, which ensures that the melt
does not touch the cool boat, the two being

*“White-Hot Metal in a Cold Crucible,” Recent
Achievements, Llectrical Communication, volume 39,
number 1, pages 14-15; 1967.

RADIO-FREQUENCY
WORK COIL

SILVER
TUBES

Figure 7-——Consolidation of degassed metal chips in a
silver boat.
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Tracking data are in the form of 3 position
and velocity vectors that are processed in real
time by a computer to issue commands to the
satellite launch vehicle to control thrust vector-
ing and terminating. The overall system accu-
racy is in the order of 50 meters (160 feet) in
position and 5 meters (16 feet) per second in
velocity for each measurement of a trajectory

with a smoothing time in the order of 2 seconds.

The system is entirely original in concept and
is the result of extensive cooperation of Bell
Telephone Manufacturing Company and other
Belgian organizations such as Manufacture
Belge de Lampes et de Matériel Electronique
and Ateliers de Constructions TElectriques de
Charleroi. The transportable station is fully
operational on the Gove site in the Northern
Territory of Australia and has been success-
fully operated for the F¢/1 suborbital trial
preparatory to the first orbital launch in June
1908.
Bell Telephone Manufacturing Company
Belgium

Le Bourget International Air Show—The prod-
ucts of 8 associate companies of the Interna-
tional Telephone and Telegraph System were
displayed at the 27th International Air Show
from 26 May to 4 June 1967 at l.e Bourget
Airport near Paris. Figure 3 shows the 2000-
square-foot (185-square-meter) display of the
following products.

Bell Telephone Manufacturing Company, Bel-
gium: European Satellite Research Organiza-
tion ESRO 1 satellite and phase-lock tracking
receiver.

Claude Paz et Visseauvr, France: ILights for
marking obstructions to air navigation.
Fabbrica Apparecchiature per Comunicaziont
Elettrische Standard, Italy: Ground beacon for
distance measuring (DME).

Laboratoire Central de Télécommunications,
France: Panel display of participation in
ESRO 1 and Intelsat 3 satellite programs.
Le Matériel Téléphonique, France: Tacan
(beacon, airborne transmitter—receivers, and
portable test set).

Figure 3—International System display at Le Bourget Air Show.
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Standard Elektrik Lorens, Germany: Instru-
ment landing system (ILS) equipment, model
of beacon for Doppler very-high-frequency om-
(DVOR),

printed circuits for space equipment, and a

nidirectional range teleprinters,

model of Intelsat 3 satellite.

Standard Radio & Telefon, Sweden: Demon-
stration of communication with Dirigent equip-
ment, mobile transceiver, rough model of the
Kiruna satellite.

Standard Telephones and Cables, United King-
dom: Ground beacon for very-high-frequency
omnidirectional range (VOR), STR 70 al-
timeter, model of instrument landing system
CILS ), microminiature
transmitter—receiver, model of ground beacon

very-high-frequency

for distance-measuring equipment for very-
high-frequency omnidirectional range (VOR-
DME), combined very- and ultra-high-fre-
quency equipment, and aircraft antennas.

Mobile transceivers developed jointly by T.e
Mateériel Téléphonique and Standard Tele-
phones and Cables, together with /7706 equip-
ment, were also displayed.

In Figure 4 is another display of 1500 square
feet (140 square meters) by L.e Matériel Télé-
phonique in a hall reserved for members of the

Figure 4—Display of Le Matériel Téléphonique at Le
Bourget Air Show.
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Syndicate of Professional Electronic and Radio-
electric Equipment Manufacturers (SPER) in
which the following equipment was exhibited.
Tacan (ground beacons, three generations of
airborne transmitter—receivers, portable test set,
and a demonstration of a course computer).
A transponder for distance-measuring equip-
ment (DME) that responds to interrogations
from both Tacan and distance-measuring trans-
mitters. Transponders for Interrogation, Friend
or Foe (IFF)
mobile ground equipment. Single-sideband high-

systems. Ultra-high-frequency

frequency equipment for helicopters. Model of
a training simulator for the Concorde super-
sonic transport aircraft. Airborne computers
made by Laboratoire Central de Télécommuni-
cations.

International Telephone and Telegraph Corporation

Submarine Cable for Telephony Between South
Africa and Europe—Work is well under way on
a submarine cable system over the following

route.
Nautical
Miles Kilometers
Capetown to Ascension Island 2554 4730
Ascension Island to Cape Verde 1723 3191
Islands
Cape Verde Islands to Canary 902 1670
Islands
Canary Islands to Lisbon 762 1411
Total 5941 11 002

The cable will accommodate 360 simultaneous
conversations over 3-kilohertz channels. Groups
consist of 16 channels translated into a band
from 60 to 108 kilohertz. Supergroups consist
of 5 groups translated to the band from 312
to 552 kilohertz. For one direction of trans-
mission 4.5 supergroups are translated to a
band from 312 to 1428 kilohertz and for the
reverse direction from 1848 to 2964 kilohertz.

Groups and supergroups may be routed without
demodulation. Filters having sharp cutoff char-
acteristics for the 60-108- and 312-552-kilo-
hertz bands at the Canary Islands permit
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switching such bands into an existing cable
to Spain.

Terminal equipment includes duplicate carrier
supplies and translators for channels, groups,
and supergroups.

Repeaters, one of which is partly shown in
Figure 5, are placed at 9.5 nautical miles (17.6
kilometers). Power is supplied over the cable,
shown in Figure 6, at Capetown, Ascension
Island, and Canary Islands at voltages as high
as 10 kilovolts from stabilized constant-current
direct-current supplies. The system will re-
quire 623 repeaters and 30 equalizers.

The cable is being made at Southampton, the
repeaters, equalizers, and power supplies at
North Woolwich, and the terminal equipment
at Newport, Basildon, and South Africa.

The system will be owned by a new South
African company called South Atlantic Cable
Company (Pty) Limited formed jointly by the
Industrial Development Corporation of South
Africa and the American Cable and Radio
Corporation.
Standard Telephones and Cables
United Kingdom

Brazil Telephone Properties Sold—The Inter-
national Telephone and Telegraph Corporation
has completed the sale of all its domestic tele-
phone holdings in Brazil for an estimated 12.2-
million dollars. About half of this amount will
be used for the continuing development of the
production facilities of Standard Eléctrica, our
communications manufacturing company in
Brazil. Recently ordered equipment to add
150 0CO telephones to the Rio de Janeiro area
public telephone network is now being pro-
duced and installed by Standard Eléctrica.

The Brazilian states involved in the negotia-
tians were Rio Grande do Sul and Parana.
The telephone properties in both states had
been operated by our subsidiary, Companhia
Telefonica Nacional (CTN).

International Telephone and Telegraph Corporation

Figure 5—Telephone repeater capsule being lowered

into the high-strength steel case that can withstand
sea-bottom pressure preparatory to undergoing testing Figure 6—Deep-water l-inch (25-millimeter) sub-

before being accepted for service. marine cable having strength member at the center.
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separated by a low-thermal-conductivity am-
bient gas film. Thus no contamination of the
charge by the boat material can occur. Further-
more, the temperature that can be reached by
the charge is not limited by the melting or
softening point of the boat, and metals such
as tungsten {melting point 3370 degrees Cel-
sius) can be melted in the silver container
whose melting point is only 961 degrees Cel-
sius. The boat can be enclosed in a nonreactive
envelope of glass or quartz, the ambient being
any desired gas. It is thus possible to decar-
burize, deoxidize, and generally purify metal
melts. Zone-refining passes can then be made
to segregate certain metallic impurities.

An example is the preparation of a 0.1-percent
zirconium-nickel alloy, special attention being
paid to the removal of carbon from the nickel
before addition of zirconium. When such an
alloy is used as the cathode core material for
thermionic valves, evolution of carbon monox-
ide during high-temperature operation is mini-
mal. This has led to a spectacular increase in
valve life by a factor of at least 3.

Standard Telecommunication Laboratories
United Kingdom

South Vietnam Inaugurates Automatic Tele-
phone Switching System—Marshall Nguyen Cao
Ky, prime minister of the Republic of South
Vietnam, officially opened a new automatic
telephone switching exchange in the Saigon
suburb of Tan Son Nhut. The 2000-line ex-
change is part of an integrated network (Fig-
ure 8) that will provide the Vietnamese people
with a modern nationwide telephone communi-
cations system. It is the first automatic crossbar
switching system in South Vietnam for civil
use.

Altogether, 8000 lines of Pentaconta crossbar
equipment are being installed in 23 exchanges
in the network, which stretches 700 miles from
the delta area in the south to the northern
boundary at the 17th parallel. This equipment
is among the most advanced in the world and
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is presently operating in more than 70 coun-
tries.

The microwave network linking Saigon with
8 key cities (also shown in the figure) was
supplied and installed by one of our companies.
ITT Cavibbeann Manufacturing

Puerto Rico

Pneumatic Tubes for Schiphol Airport—The
new Schiphol Airport near Amsterdam was in-
augurated late in April by Queen Juliana of the
Netherlands.

To ensure rapid and reliable transportation of
documents in this modern and large airport,
a fully automatic pneumatic tube system serves
46 stations over 7000 meters (23 000 feet) of

tubing and can accommodate up to 80 stations.
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Figure 8—Installations in South Vietnamese nation-
wide telecommunication system.
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Carriers are switched automatically using mag-
netic sensing of destination codings.

Ifigures 9 and 10 show the equipment, which
was provided by Standard Elektrik Lorenz and
installed by Nederlandsche Standard Electric
Maatschappij.

Nederlandsche Standard Electric Maatschappij
Netherlands

Tank Simulator—The advantages of training
air crews in simulators of the craft they are
to operate has led to a contract for the engi-
neering development of a prototype and five
production training simulators for the new
French military tank AMX 30.

The tank simulator will be equipped with a
1000-line closed-circuit television system en-
abling the trainee apparently to drive the vehi-
cle over several miles of roads and countryside
negotiating typical obstacles such as ditches,
banks, houses, and other structures. The simu-
lated hull is mounted on a hydraulically driven

Figure 9—Receiving pneumatic tubes at Schiphol
Airport.
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motion platform controlled by a computer that
is informed of all the essential conditions of
the immediate terrain by a sensor that feels its
way across a 300:1-scale model of the training
area accompanied by the eye of the television
camera.

Le Matériel Téléphonique
France

Pentaconta Exchanges in Switzerland—Since
the cutover of the first Pentaconta exchange at
Regensdorf * on 9 September 1967 with an
initial capacity of 6000 subscriber lines, four
additional Pentaconta offices have been inau-
gurated: Baumlihof/Basle with 10000 sub-
scriber lines, Magden/Aargau with 1000 lines,
Richterswil/Zurich with 5000 lines, and Pfaffi-
kon/Zurich with 5000 lines.

The new exchange at Pfiaffikon includes an

STR-10 23-channel radio link that serves as

junctions with the rural main exchange at
Zurich.

Standard Téléphone et Radio

Switzerland

* “Pentaconta Exchange Inaugurated in Switzerland,”
Recent Achievements, Electrical Communication, vol-
ume 42, number 1, pages 144-145; 1967.

S

Figure 10—The blower room at Schiphol Airport.
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Tuner Diodes for Television—Semiconductor
diodes BA 141 and BA 142 can be used as
voltage-adjustable capacitors at frequencies up
to 1000 megahertz. For television receivers, a
tuner for which is shown in Figure 11, tracking
is within 3 percent and Q varies from 300 at
47 megahertz to a minimum of 75 at 800
megahertz.

Matched sets of BA 141 diodes will cover tele-
vision Broadcast Bands I and III combined,
corresponding to frequencies in the ranges from
47 to 68 megahertz and from 174 to 223 mega-
hertz, respectively. These diodes also cover
Broadcast Bands IV and V combined, from
470 to 780 megahertz. Sets of B 142 diodes
will tune individual Broadcast Bands I and ITI
or the frequency-modulation broadcast bands
from &7 to 105 megahertz. These diodes are
now being marketed in the United Kingdom
by S.T.C. Semiconductors.

ITT Semiconductors-Intermetall
Germany

Figure 11—A television tuner using voltage-adjustable
diode capacitors in DO-7 glass mounts. The diodes
may be seen in the centers of the three middle sections.
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Printing Reperforator, Model EPR—The model
EPR electronic printing reperforator shown in
Figure 12 incorporates less than one-third of
the mechanical components found in conven-
tional equipment.

Although designed for operation as an on-line
receiver, it is also suited for off-line applica-
tions whenever a printed and punched tape
record is required. Standard 5-track 11/16-inch
(17.5-millimeter) wide paper tape is used, the
1000-foot (305-meter) reel having a capacity
of approximately 120 000 characters.

The EPR incorporates all the facilities of a
conventional printing reperforator but requires
less maintenance, as electronic units replace
70 percent of the mechanical parts of conven-
tional printing reperforators. Periodic mainte-
nance is required only once every 1000 hours
of operation at 50 bauds or annually, whichever
is earlier.

Normally the EPR operates at 50 or 75 bauds,
but other standard speeds are possible. Speed
change 1s effected by repositioning a connecting
link in the electronic unit.

The EPR has no clutch, mechanical selector, or

motor speed governor, which reduces the essen-
tial spares by 50 percent. The electronic unit

Figure 12—Electronic printing reperforator.
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consists entirely of plug-in modules and printed-
circuit boards, with strategically placed test
points for rapid fault location.

Ifull  compatibility with all existing electro-
mechanical telegraph equipment is another fea-
ture of the EPR, and it is available either com-
plete with an integral silencing cover or without
a cover for tape relay console mounting. The
absence of a speed governor and the use of an
asynchronous induction driving motor has made
it possible to enclose the whole drive unit for
quiet operation. It requires 75 watts from the
standard mains.

Creed & Company
United Kingdom

Racetrack Traffic Indicator—In May, Daimler
Benz of Stuttgart put a new automobile test
track in service. Built in the limited space of
1500 by 150 meters (5000 by 500 feet), it
required sharp highly banked curves to permit
cars to be driven at high speed on both the
relatively short straight runs and the connect-
ing bends. The limited view of the driver when
in the curves has required the use of traffic
indicators at the entrance and midpoint. An
indicator is shown in Figure 13.

Electronic loop detectors are inserted in the
track to detect the passage of a car. An elec-
tronic sum-and-difference counter of the type

Figure 13—View of traffic indicator on the curve in
the test track.
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used in railroad safety equipment checks the
triggered pulses. In addition to the track dis-
plays, a control tower also has a display on a
true-to-scale simulated track.

Standard Elektrik Lorenz
Germany

Crossbar 67 Telephone Exchange in Austria—
The first of a new generation of crossbar tele-
phone switching developed in Austria, Crossbar
07, is now in service in Schwadorf, near Vienna.
This central office has an ultimate capacity of
800 lines and incorporates such modern fea-
tures as rapid push-button calling, identification
of the calling subscriber, and economical main-
tenance. It is register controlled and employs
KS55f crosshar switches, Z 353 magnetic count-
ers, and other components of long-established
high reliability in new circuits. This design
stems logically from our introduction of cross-
bar switching into Austria a decade ago.

Standard Telephon und Telegraphen
Austria

Photon Rate Meter—A highly sensitive photon
rate meter has been produced that measures
from 1 X 107 to 1 X 1072 foot lambert bright-
ness with an accuracy of = 5 percent for a field
of view of 1.8 degrees. Spectral sensitivity of
the instrument is from 3200 to 5500 angstrom
units. It is available for battery or alternating-
current mains operation.

ITT Industrial Laboratories
United States of America

Peak Photometer—A prototype peak photome-
ter has been delivered to the services of the
Meteorologie Nationale. It is intended for the
measurement of the brightness of flashes of
lightning.

This small portable unit indicates the luminous
energy coming directly from a flash of lightning
to its photodiode. It also shows at what distance
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from the observer the lightning occurred. These
two data permit the lightning flashes to be
classified. The operator may adjust to 5 dif-
ferent sensitivities and information can be ob-
tained on storms more than 50 kilometers (30
miles) away.
Laboratoire Central de Télécommunications
France

Ferrodot High-Speed Printer—An experimental
alphanumeric printout machine capable of on-
line printing at 10 000 characters per second,
besides facsimile at equivalent speeds, with a
definition of 160 dots per inch has been devel-
oped. Speeds of the order of 60 000 characters
per second may ultimately be attained, to satisfy
the needs of future computing and data trans-
mission systems.

The basis of the system is shown in Figure 14.
A single line of recording heads (160 per inch)
is applied to a drum having its surface plated
with high-remanence magnetic alloy. As the
drum rotates, characters are recorded in the
form of 9-by-15-dot matrices, each dot being
recorded by a 20-nanosecond magnetic impulse
derived from electronic logic circuits. Char-
acter size and font may be varied at will by

}

LINE STORE
l HEAT APPLICATOR
CHARACTER
TRANSLATOR POWDER PAPER
RECOVERER

HEAD

SELECTOR
HEADS
(160 PER INCH) START
DRUM WITH

POWDER APPLICATOR PAPER
(FLUIDIZED BED) ROLL

Figure 14—Arrangement of Ferrodot high-speed
printer.
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including appropriate circuits; line justification
and character spacing are also flexible. The
surface of the drum then passes through a fluid-
ized bed of minute resin-coated nickel-zinc
ferrite particles that are attracted to the mag-
netized area. The drum then touches the mov-
ing roll of paper to which the magnetic powder
adheres, and to which the latter is finally fixed
by melting the resin with radiant heat. Unlim-
ited copies may be obtained without re-record-
ing, since successive re-applications of the pow-
der do not destroy the magnetic pattern on
the druim. There are no special requirements
for the paper used, which may be thin and
cheap.

The printer can also be used in a display unit
with computers or other data processing sys-
tems. The recorded image is used to attract
a dark magnetic powder, thus making the pat-
tern visible for either direct viewing or projec-
tion. Updating and modification are possible as
with a conventional cathode-ray-tube system,
except that, as repeated scanning is not re-
quired to maintain the display, computer stor-
age capacity is saved.
Standard Telecommunication Laboratories
United Kingdom

Post Office Automation Continues—A letter-
sorting equipment is being constructed for the
Danish Postal Administration for a field trial
in Copenhagen,

There will be 15 coding desks where destina-
tion codes are stamped on letters that are auto-
matically fed to the operating positions. Fol-
lowing a coarse sorting, all letters for 100
destinations will be machine sorted into ap-
propriate selection boxes. The sorting machine
is of modular construction and can handle over
21 000 letters per hour. Another field trial of
this type of equipment in Wiesbaden, Germany,
is mentioned on page 444 of the immediately
preceding issue of this magazine.

Standard Elektrik Lorenz
Germany
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Radiotelescope for Belgium—A radiotelescope
based on the interferometer principle is being
installed for the Royal Observatory of Belgium
at the Humain-Rochefort Radioastronomy Cen-
ter. It uses 48 equatorially mounted paraboloidal
antennas, some of which are shown in Figure
15. Each antenna is 5 meters (10 feet) in diam-
eter, and they are arrayed along orthogonal
asymmetric base lines to produce a pencil-heam
pattern of 3 minutes arc width at the half-
power values. An ultrasensitive receiver is con-
nected to each antenna and the receiver outputs
are combined.

There are two operating modes. In the scan-
ning mode the surface of the sun, the diameter
of which is about 30 minutes of arc, may be
sequentially explored by the pencil-shaped
beam. A signal processing system permits this
radio picture to be produced on a television
screen. T<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>