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This Issue in Brief 

Mobile Telephone Terminal for 1 or 2 Radio Channels 

The extension of the public telephone network to automobiles 
in which the mobile subscriber calls, talks, and listens exactly 
as with a conventional fixed subscriber set was formally initiated 
by the Bell System in a field installation in Harrisburg, Pennsyl
vania, in 1963. 

Spaced at 30-kilohertz intervals are 11 channels at 152 mega
hertz for base-station transmission and a corresponding 11 chan
nels at 158 megahertz for transmission from mobile stations. 

Modulation at frequencies between 600 and 2150 hertz is used 
for both supervisory signaling and push-button calling. These 
frequencies are well within the limits of conventional telephone 
transmission. 

For the independent telephone companies, a 1- or 2-channel 
base telephone switching system has been developed. The equip
ment described in this paper may be added to any conventional 
central office to interconnect the existing telephone network to 
the radio equipment operating with the mobile subscriber sets. 

A New Stackable Carrier System for Open-Wire Lines 

A stackable carrier system can be built up, channel by chan
nel, on the same open-wire line if and when circuit requirements 
increase with time. It therefore has a special application in 
newly developing countries. Early systems were the Bell Type P 
System and the ITI K 31/32 System. 

Now modern circuit techniques, and miniaturization of com
ponents, have caused designers to look again at the stackable 
system and increase its facilities. In a new system, ten channels 
occupy the spectrum from 4 through 160 kilohertz. Speech infor
mation is transmitted by single sideband with added carrier. The 
frequency plan in the group mode makes it compatible with 
main-line systems whose pole routes it may share and 8 channels 
may be used over a route shared with both a CCITI 3-channel 
and 12-channel system. 

Signaling is by frequency shift of the carrier to transmit the 
normally suppressed upper sideband. This allows signaling during 
speech without affecting quality. Since the channel can be used 
equally with signaling on or off a supervisory condition is pos
sible. The mechanical construction will allow convenient and 
economical expansion of any initial installation. 

Plastics Encapsulation of Components 

Previously, encapsulation of electronic components with plas
tics has been limited to the low-cost limited-life market. Improve
ments in resins and application techniques now make plastics 
encapsulation suitable for more critical applications where abso
lute hermetic sealing is not required but performance must meet 
severe national and military specifications. 

The degree of protection varies considerably with the type of 
resin and process employed. Resinous encapsulants now include 
epoxides, polyesters, silicones, polyurethanes, alkyds, and certain 
thermoplastics, that can be applied by techniques such as casting, 
liquid or powder dip-coating, use of resin preforms with molded 
cases, and various press-molding methods. 

Specially formulated epoxide resins, termed Loex, have been 
developed for critical casting applications. Practical results on 
encapsulated silvered mica capacitors demonstrate the versatility 
of plastics encapsulation methods. 

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

Although CCITT assumes the transmission bandwidth of the 
existing telephone netwo~k to be limited to the range 300 to 
3400 hertz, yet loudness-rating methods recommended by it use 
a bandwidth of 100 to 8000 hertz for a subjective comparison and 
200 to 4000 hertz for the objective system., OREM. It is possible 
for the loudness of a subset to be varied by as much as 6 decibels, 
due to the bandwidth difference. 

A method of computing the bandwidth effect for any subset 
whose frequency response is known is based on the recom
mended methods of loudness calculation of ISO. For a steady 
signal of relatively wide bandw:dth, such as speech, these 
methods are comparable in accuracy to the subjective or OREM 
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rating and are therefore suitable as a basis for transfer from. one 
rating assessment to another, and for estimating the modifying 
effects of different band-limiting frequencies. 

SETED is a stable working standard which has been calibrated 
with reference to SFERT (in 1953) and to NOSFER (in 1956). 
Although these two master reference systems are alleged to give 
identical ratings the calibrations differ from SETED by 3·2 decibels 
for the send-end and by 1 ·7 decibels in the opposite sense for 
the receive-end. Even when full allowance has been made for 
confidence limits, there remains a probability that send- and 
receive-ends of SFERT and NOSFER differ in an opposite sense 
by amounts of the order of 2 ± 1 decibels. 

The cons2quences of the reduced atmospheric pressure at 
altitudes of 500 meters (1650 feet) and higher are examined. If 
an altitude of 2000 meters (6600 feet) above sea level is taken 
as an example, it is found that the efficiency of a telephone 
connection is 4-decibels lower than at sea level due to a reduc
tion in air density of 20 percent. A modified procedure is given 
for setting up an OREM or OBDM system so that ratings will 
be the same at any altitude. The equations, used for deriving the 
electrical output of a subset from its Reference Equivalent, must 
now include a factor to correct for reduced efficiency with 
increased altitude. 

Direct-Coupled Waveguide Filters with Post Doublets 

Waveguide small-bandwidth direct-coupled filters consist of 
a chain of resonant cavities formed by shunt susceptances 
created by post pairs spaced approximately a guide half-wave
length apart. Available theoretical and experimental data for the 
filters suggest the use of posts that have diameters so small as 
to make their manufacture difficult and increase filter losses. 
New formulas are now derived for the susceptance of pairs of 
posts in a waveguide which are valid over a much greater range 
of post diameters. These have been used to design a small
bandwidth direct-coupled waveguide filter and a comparison is 
made between its calculated and measured performance. This 
work was first published in August 1967 in the Proceedings of 
the Institution of Radio and Electronic Engineers, Australia, 
volume 28, page 269, and is now reproduced by kind permission 
of the Institution. 

ITT-411 Intercommunication System 

A private automatic loudspeaking exchange (PALX) reduces 
the demands made upon the PABX by handling the majority of 
internal calls. This is an important aid in large complexes like 
factories, chemical plants, hospitals, and similar organizations. 

In addition the PALX includes many extra features such as 
loudspeaking sets, which it is claimed considerably reduce con
versation time, direct selection using one-button calling, and a 
variety of subsets such as loudspeakers, loudspeakers with hand
sets, or handsets. Signaling, public address operation, and con
ference facilities can also be included. 

The equipment is of modular design using 4-wire crossbar 
switching and is available in two non-extensible exchange sizes, 
16 lines and 32 lines, and in three extensible exchange sizes, 
20-100 lines, 100-600 lines and 100-2000 lines. 

Voice-operated amplifiers in the control exchange and micro
phone amplifiers in the subsets operate in the transmission range 
300 to 3600 hertz with an emphasis between 300 and 1000 hertz 
to improve speech intelligibility. 

Vienna-Zollergasse HE-60L Trial Telephone Exchange 

A second quasi-electronic trial office was put in operation in 
Vienna on 16 March 1966. Compared with the first trial office 
in Stuttgart, Germany, this installation offered a number of new 
features. 

The Zollergasse Exchange handles up to 0·2 erlang of traffic 
per subscriber during busy hours, with less than 1 percent loss and 
has failure rates better than 0·15 failure per 100 lines per month, 
as well as substantially reduced maintenance requirements. 

The trial installation also offers service features such as push
button selection, abbreviated dialing, routing in the local network, 
line identification, and subscriber- and operator-controlled switch
ing to special services. 
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Technical Aspects of Telephone Network Planning 

Many telephone administrations already have their own de
tailed specification for the transmission performance of the cir
cuits within their national territories. Recommendations for general 
application are being prepared by the CCITT. To avoid fore
stalling these forthcoming recommendations no attempt is made 
in the present paper to indicate permissible limits. The paper 
shows by a number of examples the manner in which individual 
characteristics affect the overall transmission performance over 
long telephone connections and in particular to what extent these 
characteristics are relevant in the field of switching techniques. 
With the plans for extending subscriber dialing to connections 
beyond national boundaries, this aspect is becoming of increas
ing importance. Although the world-wide telephone network will 
in future serve mainly as a telephone system, it will also be used 
for data transmission. For this kind of traffic the characteristics 
discussed are also of significance. The use of separate data 
channels for signaling and the effect of pulse-code-modulation 
techniques are not discussed. 

Television Transmitters for 470 to 860 Megahertz 

A new series of television transmitters has been developed 
with improved operational reliability, reduced maintenance re
quirements, use of long-life components, higher output powers, 
and extended frequency ranges. The series consists of versatile 
basic modules and units which, by means of combination and 
modification, can be assembled into power output ranges from 10-
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kilowatts vision with 2-kilowatts sound, to BO-kilowatts vision with 
16-kilowatts sound. The frequency range of these transmitters 
extends from 470 to 860 megahertz. Transmitter driver stages are 
transistorized and the low-level_ processing of the vision and 
sound signals is at a fixed intermediate frequency. The final 
vision and sound stages use modern high-power four-cavity 
klystrons. A combining unit for vision and sound signals is con
tinuously tuneable and designed for a maximum. of SO-kilowatts 
vision, 10-kilowatts sound, with automatic tuning correction. 
Parallel connection of complete transmitter chains at the output 
stages, as well as long-life components, mean that program failure 
is reduced to a minimum. The equipment, which is fitted with 
interlocks, is of a space-saving design. 

Recent Developments in the Manufacture of Soft 
Ferrites used in Telephone Equipment 

Modern telephone equipment demands precisely defined fre
quency-band filter circuits. The magnetic materials used in the 
filter inductances must have improved electrical properties to 
m.eet the demand. This improvement of the electrical and mag
netic properties of commercial manganese-zinc ferrites is only 
possible with complete knowledge of the various parameters 
defining their manufacture. 

This study presents an analysis of the phenomena involved 
in the preparation of ferrites and highlights the contributions 
made by various methods of investigation to the improvement of 
material properties. 
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Mobile Telephone Terminal for 1 or 2 Radio Channels 

J. L. STEPAN 
ITT Telecommunications, Milan, Tennessee 

1. Introduction 

The improved mobile telephone system (IMTS) permits 
telephone subscriber sets to be installed in automobiles 
for interconnection with the conventional telephone net
work by radio through a fixed terminal station. By 1962 
the concepts and design of what was termed the MJ sys
tem were completed by the Bell System. In this system 
the automobile set permits the subscriber to call, talk, 
and listen exactly as with a conventional fixed subscriber 
set. 

Using a radio and switching terminal by International 
Telephone and Telegraph Corporation and mobile sub
scriber sets by Motorola Incorporated, a field trial was 
made in Harrisburg, Pennsylvania, in the last half of 1963 
and a year later a full production system was cut over in 
Charleston, West Virginia. These were large systems, 
the latter providing for 480 mobile subscriber sets and 
11 radio channels. 

Later a small 2-channel system suitable for independ
ent telephone companies was developed by International 
Telephone and Telegraph Corporation and the first sys
tem was put into service at Ritchie, West Virginia, early 
in 1965. Under contract with the Bell System, a 2-channel 
switching terminal compatible with the Bell MJ design 
was inaugurated at Dover, Delaware, in the summer of 
1965. 

2. General Requirements for all Systems 

2.1 Channel and Signaling Frequencies 

The radio frequencies for 11 two-way channels assig
ned by the Federal Communications Commission for 
base-station operation are given in Table 1. 

Table 1 - Channel assignments for base stations 

Channel designation 
Frequencies in megahertz 

Transmit Receive 

JL 152·51 157·77 
YL 152·54 157'80 
JP 152·57 157·83 
VP 152·60 157·86 
VJ 152·63 157·89 
YK 152·66 157·92 
JS 152·69 157·95 
vs 152·72 157·98 
YR 152·75 158·01 
JK 152·78 158·04 
JR 152·81 158·07 

As can be seen the adjacent-channel separation is 
30 kilohertz for both the transmit and receive channels 
with a 5·26-megahertz separation between the transmit 
and receive bands. 

The audio signaling frequencies transmitted by the 
base and mobile stations are given in Table 2. 

The audio frequencies chosen for signaling are well 
within the range of existing telephone equipment, thus 
making the signaling compatible with common telephone 
transmission mediums. 
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Table 2 - Signaling frequencies 

Emitting 

I 
Frequency Designation Application 

station in hertz 

Base 600 - Manual operation 
Base 1500 - Manual operation 
Base 1800 fs Seize tone 
Base 2000 f1 Idle tone 
Mobile 1336 fd Disconnect 
Mobile 1633 f e Connect 
Mobile 2150 fg Guard 

2.2 Numbering Plan 

Early in the development of mobile systems it was 
decided that the scheme for assigning directory numbers 
to mobile installations would provide for only 10 000 mo
bile sets within any one telephone area code. This limita
tion simplified the switching terminal since any mobile 
could then be identified by 7 digits - the first 3 being 
the area code and the last 4 the basic station number. 
This number restriction implied that some central gov
erning body in each telephone area must issue each 
number for a mobile installation. 

Nonetheless, the mobile telephone is assigned the 
customary 10-digit number - 3 digits for the area code, 
3 for the district-office code, and the last 4 for the sta
tion number. This scheme enables anyone anywhere on 
the North American continent to dial a mobile station 
just as if he were calling a residential phone. The office
code digits are absorbed by the toll telephone offices 
and discarded by the mobile system switching terminal. 

2.3 Interface Requirements of the Switching Terminal 

The switching terminal plays the major role in linking 
the mobile and conventional subscriber stations. The de
sign of the terminal is unique as far as its interface with 
the nationwide telephone switching system is concerned. 
The terminal is arranged as an applique to the tele
phone central office and does not become integrally in
terwoven in the switching logic of the telephone office. 
This feature enables the terminal to be "tacked on" to 
any conventional type of central office. Clarification of 
this feature is best illustrated by an example. 

When a conventional subscriber set dials a mobile 
subscriber set, the central office connects ringing current 
through any normal connector to 2 wires which, as far as 
it is concerned, may connect to a second conventional 
subscriber set. These 2 wires are tied to a special line 
circuit in the mobile terminal which detects the ringing 
but does not trip the ringing or answer the call. The ter
minal senses the demand, knows what mobile set is de
sired by the unique line circuit, turns on the transmitter, 
calls the mobile set, and waits. Meanwhile, the calling 
party is listening to what he thinks is a phone ringing. 
When the mobile unit answers, by the party lifting the 
handset, the calling person will recognize the answer by 
the end of ringing and the conventional clicks and circuit 
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noises that occur when the party answers a normal call. 
Using a 4-wire arrangement the switching terminal in

terfaces with both the radio transmitter and the radio 
receiver. 

To the transmitter it provides: 
- voice modulation maintained at a constant audio level 

through the action of a VOGAD (Voice-Operated 
Gain-Adjusting Device) circuit in the terminal (maxi
mum output from terminal is 1 decibel referred to 
1 milliwatt}, 

- direct current fed simplex to the transmitter to switch 
it to one of four modes: off, low power, full power, 
and test converter on, 

- direct current loop fed from the transmitter to indicate 
if it is operating (below 3·2 milliamperes the transmit
ter is off and over 4·9 milliamperes the transmitter is 
on). This loop must be built out to 3500 ohms for 
proper operation of the line-current generator. 
The terminal interfaces with a receiver over which: 

- the audio output is coupled from the receiver, 
- a direct current that is proportional to the signal-to-

noise ratio for the particular receiver is fed from the 
receiver. 
The terminal has strapping options to match line im

pedances of 150, 600, and 1350 ohms. 

2.4 Tone Signaling in Calling 

Figures 1 and 2 show the signaling sequences in mak
ing calls from the mobile station and from the base sta
tion. A parity check is made by the switching terminal on 
the identification of the mobile stations. As can be seen 
in Figure 1, the mobile sends out a guard tone (2150 Hz, fg) 
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Mobile Telephone Terminal 

after every even pulse regardless of how they are ar
ranged in the transmission. The terminal, on receiving the 
f 9 tone, checks to see that even pulses have been re
ceived. In this manner, there is a check to verify that 
some pulses have not been lost, possibly due to fading, 
et cetera. 

2.5 Operation 

Since most readers of this article are familiar with 
vehicular transmission and IMTS in general, such things 
as automatic base-station identification, voice handling, 
and automatic idle-channel mobile search will not be dis
cussed. 

From the view of switching flexibility, there are three 
unique features of the terminal: 
- automatic handling in single-channel units of revertive 

calls, that is, calls to other mobile stations, 
- use of party lines having circuit capabilities to ac

commodate harmonic, decimonic, synchromonic, coded, 
and superimposed ringing schemes, and 

- availability of an auxiliary circuit that provides a me
tallic sleeve cut-through for automatic telephone num
ber identifiers. This enables an independent telephone 
company to work mobile stations into automatic toll
ticketing equipment, or to allow direct distance dialing 
in small unattended offices. 

2.5.1 Mobile-to-Base Call 

The process of a call can best be followed from the 
block diagram of the base station shown in Figure 3. 
When a mobile handset is taken off hook to make a call, 
the mobile transmitter is turned on and transmits 350 mil-
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Figure I - Sequence of tone signals from mobile subscriber set to the base station. 
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Figure 2 - Sequence of tone signals from base station to mobile subscriber set. 

liseconds of f9 , which is received by one or more base
station receivers shown in the lower part of the figure. 
During this time the receiver with the best signal-to-noise 
ratio captures the call through the action of the receiver
se!ector circuit in the channel shelf. Then after some 
supervisory signaling (Figure 1) the mobile station auto
matically sends its 7 identification digits. The identifica
tion consists of a series of alternating tones (20 pulses 
per second), which are converted to direct-current pulses 
by the tone detector, passed through the link circuit, and 
stored in the register/sender. 

The register is a serial-input circuit with later digit 
read out. It counts the number of pulses in each digit by 
means of a group of relays called the counting train. 
When the digit is complete and the 190-millisecond inter
digit pause is detected, the counting train presents the 
total in a 2-out-of-5 code to a 5-bit memory unit called a 
storage tank. The storage tanks have coded decimal 
read out. There are 4 storage tanks, which are used to 
verify the 7 identification digits. Hence, a store, presen
tation-for-check, test, and dump sequence is required for 
3 of the storage tanks. 

When the first 3 identification digits are received, the 
register marks the translator to determine whether the 
calling mobile station is a unit of that base station or 
one that requires special handling. The translator is 
unique in its function. The circuit uses "black boxes" 
that require the insertion of 4 small metal disks to pro
gram a mobile station's number. The black boxes are 
black plastic cross-point matrix packages (10 by 30 in-
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puts) in which connection can be made from any of 
10 vertical bars to any of the 30 horizontal bars by simply 
inserting a small round shorting disk. A very simplified 
version of the translator is shown in Figure 4. As the 
first 3 digits (area code) are being received, the register 
storage tanks remove the central-office battery voltages 
from one output bus in each number group depending on 
the digit stored. Our example indicates by the number 
on the A, B and C office-code decades that area code 312 
has been received and is an acceptable area code. At 
the end of the 3 digits, the register relay REG operates 
and parallel feeds the translator (black box) matrix, con
necting the storage tanks to the matrix. The metal disks 
in the matrix are not involved at this time. In the example 
it will be noted the leads AH3, BT1, and CU2 will be the 
only register busses that will not have battery potential 
on them. The office code test relay OC operates. Due to 
the particular manner in which the terminals are con
nected in the strapping field we will note that only bus Hf 
does not have central office battery on it, as compared 
to busses H2, H3, etc. That is, the three leads from AH3, 
BTf, and CU2, connected through the rectifiers in series 
with relay Hf, do not have an electromotive force on 
them whereas all other H relays do. As shown, relay H2 
operates from BT2 and CU3. When the OC relay oper
ates, we will realize that the H7 relay will be the only 
relay which will not operate in the H-relay complement 
at the extreme right. This complement then sends out a 
single relay-down mark (single relay not operated) which 
indicates a match and hence the call will be processed 
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Figure 3 - Block diagram of base station. The Tel-Touch applique is in the upper left. 
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further. If the number received had been 313, of course 
relay H1 would have operated from CU2 which would 
then have an electromotive force on it and all the H 
busses would have battery connected to them. An all
up signal (all relays operated) would be marked out and 
the call would have special handling. 

If we assume a local area code has been sent by the 
mobile station, the translator will mark this condition and 
command the register to empty the three storage tanks. 
When the next 4 identification digits for a specific sub
scriber station in the local area have been received the 
register will once again extend the digit marks to the 
translator to determine whether it is a local mobile station 
or one which will require special handling. The procedure 
is similar to that used for checking the area code except 
that the HGY relay gates the marks through the metal 
disks to the vertical bars into the H-relay complement. 
Again a match is indicated by nonoperation of one of 
the H relays. If we now assume the called mobile station 
is a local one, the register once again empties the 
storage tanks and prepares to examine the digits dialed 
by the mobile subscriber. 

To have the necessary data to process the call, the 
terminal does two simultaneous manipulations when it 
receives the numbers dialed by the mobile subscriber. 
First, it seizes an unlisted central-office circuit and re
peats the dialed digits into the central-office switching 
equipment. Secondly, the digits are stored in the regis
ters to be compared with the translator program. 

When the mobile subscriber has finished dialing the 
first three digits, the register and translator check for a 
match just as for checking the identity of the mobile sta
tion. If a match does occur the call may be processed in 
three different ways depending on the digits dialed: 
- common local call or free service, 
- mobile-to-mobile call, or 
- operator assisted call. 

While examining the first 3 digits the translator is ca
pable of determining whether the number dialed is an 
area code or an office code provided the number is pro
grammed; hence depending on whether the call is to an
other area or office, or to the local office, the terminal 
may or may not continue storing and checking the rest of 
the digits. lf the translator finds that the destination is 
another area or office the remaining digits are of use 
only to the distant office, hence it ignores them. If the 
translator finds that the call is within its own office then it 
must continue to monitor the digits to determine whether 
the call is to another mobile station or to a local sub
scriber. 

If the call is to a local subscriber, the local office has 
already received the necessary digits. The mobile sub
scriber should hear ring-back tone or busy tone. If the 
call is to another mobile station, two options may be ex
ercised. 
- The calling mobile subscriber will hear a recorded 

message indicating he has called another mobile sta
tion and that he should depress either the M (manual) 
or P (party) button. By depressing either button the 
mobile's carrier is turned off. Absence of carrier in
forms the terminal to out-pulse the number stored in 
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the register. The mobile subscriber would hear out
pulsing, the resultant ringing, and also when the called 
mobile subscriber answered. Subscribers must then 
use the manual or push-to-talk operation. 

- The calling mobile station will hear a distinctive tone 
instead of the recorded message to indicate that the 
call is revertive and to revert to the manual mode. 
If a nonlocal or restricted mobile station accessed the 

terminal the translator culls these calls by screening the 
identification of the mobile station as described above. 
An all-up condition exists in the H-relay complement 
which causes the terminal to either out-pulse a single 
digit - usually 0, or 3 digits - say 112, depending on 
the optional strapping and the demands of the central
office switching equipment. 

Since the base-to-mobile calls are processed in a 
straightforward manner and the basic technique is very 
simply described in an earlier section on basic interface 
requirements, this type of call will not be described. The 
choice of describing the mobile-to-base call was made 
due to the fact that it is this mode of operation that is 
affected by the addition of push-button calling to the sys
tem (see Section 5). 

3. Mechanical Features 

The smallest package that will accommodate a work
ing switching terminal, consists of a single bay of equip
ment 108-inches high, 30·2 inches wide, and 13·6-inches 
deep (2740 by 770 by 350 millimeters). The equipment, 
with the exception of the test panel, is enclosed by easily 
removed covers. 

The largest package that will house all the equipment 
for a full switching terminal will consist of two bays 
108-inches high, 55·5-inches wide, and 13·6-inches deep 
(2740 by 1410 by 350 millimeters). 

The smallest package is arranged for operation with a 
single radio channel and 5 lines. The 5 lines may accom
modate 10 parties on each line. This package is arranged 
so that equipment can be easily added to build a full 
system capacity of 2 radio channels with options for 
single or dual transmitters per channel, up to 5 receivers 
per channel, and of 60 lines, half to serve up to 5 parties 
each and half for up to 10 parties each. The maximum 
number of mobile stations is restricted to 120 because 
of limitations in the number translators; hence, the line 
capacity for mobile stations is much greater than the 
translator can handle. 

The system is basically electromechanical and uses 
telephone-type relays of the 4000 type. They require sol
der connections to both coils and springs. The electronic 
portion of the terminal is solid state, mounted on printed
circuit cards. The cards are equipped with gold-plated 
connectors and plug into a 2-deck shelf that makes up 
the channel shelf. 

4. Smaller 1- or 2-Channel System 

As mentioned earlier a smaller system was designed 
for the Bell System denoted as the MJ(S) system. The 
Bell System package is similar to the unit for the inde
pendent telephone companies but is mounted on 11-foot 
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(3·35-meter) racks. Its capacity is two channels with the 
ability to operate two transmitters per channel just as the 
independent unit. The main differences between the two 
units are given in Table 3. 

Table 3 - Differences in two systems 

Question? I MJ(S) I Independent 

Number of lines 90 mobile 60 lines (120 mobile) 
Multi party working no, single only yes 
Ringing detection single frequency only ring party detector 
Automatic revertive 

call no yes 
Remote test trans-

mitter control yes no 
Number of receiv-

ers per channel 8 5 

5. Push-Button System 

There are three basic design factors that must be con
sidered for this system: 
- the push-button terminal must be an add-on unit to 

the existing terminal because of design economies and 
the requirement for ultimately retrofitting the terminals 
in the field, 

- there are two basic systems. The first involves central
office switching systems that are push-button oriented, 
such as our newer exchanges; and the second con
cerns central offices that must still receive dial pulses, 

- the requirement in the mobile installation for a new 
control head that is fitted with the push-button mech
anism. 
If we refer to Figure 3, the sections at the top left 

show the push-button add-on equipment. As will be noted, 
this equipment is placed between the link and the central
office-dedicated line circuit. The push-button adapter is a 
relay circuit that is cut into operation when the mobile 
identification signals stop and monitors the audio as well 
as direct-current pulsing on the line. If the signals are 
multifrequency and can be detected by the receiver, the 
receiver will respond and mark out the digits that are 
being sent. If the first signal corresponds to a dial pulse, 
the adapter will respond and cut the receiver from the 
line and the call will be processed as a dial call. 

Since the terminal has the ability to do some logic 
manipulations by means of its translator, the digits mark
ed out by the push-button receiver are marked into the 
register via the link for storage and translation. The tones 
sent by the mobile station also go simultaneously to the 
central office to process the call if the central office is 
arranged to receive push-button calling. If the switching 
system is not so equipped, the receiver will mark a sec
ond register-sender unit as well as the register in the 
terminal. This second register-sender will convert the 
digit marking from the receiver to dial pulses and drive 
the central-office equipment. 

Most of the manufacturers of telephone switching gear 
have, or are on the threshold of marketing, the push
button converter/receiver, which is necessary to convert 
existing dial offices to push-button calling; hence this 
package is not a new item to the telephone company. 
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The frequencies used in push-button dialing are listed 
in Table 4 and by reference to the chart we see that 
there appears to be a rather devastating clash between 
disconnect tone (1336 Hz) and the digits 2, 5, 8, and 0. 

Table 4 - Push-button calling frequencies 

Digit 
Combination of frequencies 

in hertz 

1 697 and 1209 
2 697 and 1336 
3 697 and 1477 
4 770 and 1209 
5 770 and 1336 
6 770 and 1477 
7 852 and 1209 
8 852 and 1336 
9 852 and 1477 
0 941 and 1336 

During early investigations it was felt that when send, 
ing any one of the four digits 2, 5, 8, and 0 the channel 
shelf would detect the 1336 Hz as a signal for disconnect 
and terminate the call. To avoid this difficulty two basic 
changes were made: 
- in the normal operation of the push buttons the higher 

frequency tones are set at higher output levels than 
the lower-band frequencies (697, 770, 852, and 941 Hz). 
This is necessary because the average subscriber tele· 
phone loop attenuates the higher frequencies more 
than the lower ones. The mobile installations are not 
similarly affected and all tones for them are adjusted 
to the same level, 

- the original manual and automatic tones transmitted 
by the mobile sets normally go to the mobile transmit
ter limiter at a very high level to improve the signal
to-noise ratio. This precaution was felt necessary in a 
single-frequency detection system. However the push
button tones got to the mobile-transmitter limiter at a 
level below limiting. As a result of the low level of in
termodulation products, the relatively low level of the 
signals, the high sensitivity of the push-button receiv
er, and the high reliability of the 2-tone system, the 
improved-mobile-telephone-system tone detectors do 
not detect the combination but the push-button receiv
ers do. 
An experimental push-button system was put into op

eration in a metropolitan area during the summer of 1966 
with excellent results. Tests were made for fading and 
distance. The only critical consensus was that the exist
ing control head was bulky and not in keeping with the 
modern styling of our automobile instrument panels. A 
repackaging of the control head is under consideration. 

6. Conclusion 

The program of the Improved Mobile Telephone Sys
tem has an air of luxury to it and it is with some reserva
tions that a telephone company looks at a proposed in
vestment for such a project. Nevertheless. once it is in
stalled, the system is profitable and extends the services 
offered by the telephone industry. 

Electrical Communication · Volume 43, Number 3 · 1968 



To the average independent telephone company, push
button selection is a luxury and its application to mobile 
systems is viewed with skepticism. Thus manufacturers 
must try to get into the push-button mobile-set field with 
as little initial investment as possible. Their research and 
development program will be tight and they will use as 
much of existing designs and hardware as is possible. 
Hence the first push-button systems will use dial units 
retrofitted with push-button adapters and converters. A 
very minimum amount of change is required in the exist
ing base terminal and as far as the switching gear is con
cerned push-button dialing is available. The bulk of the 
conversion will involve the mobile units, especially the 
control head. Until this item is designed for large pro-
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duction, push-button mobile-station calling will remain as 
a possibility rather than a reality. 
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A New Stackable Carrier System for Open-Wire Lines 

W. A BRADING 
A W. L. MANDY 
D. SEEGER 
Standard Telephones and Cables (SA) (Pty) Limited, Boksburg, South Africa 

1. Introduction 

A stackable carrier system can be built up, channel 
by channel, using the same line, as circuit requirements 
grow with time. Since each channel is self-contained, ter
minals need not be located at a common point, but may 
be used over differing or intermediate lengths of the line. 
Examples of earlier systems of this type in the field are 
the Bell type P system [1) and the ITT K 31 /32 systems. 
A transistorized transmission system designed by Standard 
Telephones & Cables Limited [2] was also of this type. 
The advent of more-compact constructional techniques [3], 
etched circuits, further miniaturization of components, and 
the inherently higher reliability of silicon planar epitaxial 
transistors, made the opportunity to consider the redesign 
of the stackable system to take advantage of these 
developments with the ultimate aim of reducing cost, 
improving reliability, and giving increased facilities. This 
paper describes features and design aspects of such a 
new system. 

2. System Facilities and Applications 

As before, the new system is primarily for short-distance 
junctions, often on not-too-well transposed routes, and is 
particularly suitable for remote districts where power 
supply facilities are a problem. The system has to be 
compatible with existing main-line open-wire systems, 
whose pole routes it will often share. True stackability in 
the electrical and mechanical sense means that additional 
channels may be applied to the same pair at existing 
terminals, or at intermediate points along the line, with 
the minimum of change to common plant. An additional 
feature, not available in any earlier system, allows the 
transmission of metering impulses during conversations 
in the subscriber trunk dialing network. This additional 
feature also provides for circuit supervision even though 
the signaling scheme may not be fully out-of-band in the 

normally accepted sense. The system is also applicable 
to direct subscriber use by means of appropriate relay 
sets. 

3. System Design 

3.1 Constraints 

The most obvious constraint in a system of this type 
was cost. The system had to have cost advantages over 
conventional main-line systems without too much loss of 
performance. Equipment common to a number of chan
nels such as a carrier-supply scheme, common-pilot 
regulation, or line amplifiers was to be avoided and the 
channels were to be as self-contained as possible. Be
cause of the requirement for frequency compatibility with 
main-line systems, it was necessary to provide for two 
sets of sending and receiving frequencies, namely "stack
ed" or "grouped" arrangements. This resulted in the 
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need for separate send and receive functional units. To 
avoid high-stability crystal-controlled oscillators at both 
sending and receiving ends, two approaches were pos
sible, namely, a transmitted carrier for each channel, or 
a transmitted pilot tone for carrier regeneration. To avoid 
common equipment which could unfavorably load the 
"first-in" cost of a small system the latter scheme was 
rejected and the transmitted-carrier system was used. 

Study of typical applications and climatic changes in line 
loss showed that a suitable maximum attenuation should 
be about 29 decibels, with a variation of ± 6 decibels for 
regulation. The band of frequencies available extended 
from just above the voice band to the region of 160 kilo
hertz. 

The following table indicates how this available spec
trum might be used, showing channel spacing, number of 
channels and relative filter complexity for single- or double
sideband approaches, based upon the maximum planned 
line attenuation stated above. 

Table 1 - Relative filter complexity 

Channel Number of Single sideband Double sideband 

spacing channels 
Number of (kHz) available Target Number of Target 
resonators Q factor resonators Q factor 

6 12 7 500 - I -
8 10 5 250 6 330 

10 8 { 5 130 6 140 
4 300 5 250 

12 6 4 140 5 130 

Table 1 refers to the receiving-channel band filter since 
this filter has the most severe requirement for discrimina
tion against the adjacent channel carrier. This overrides 
the more usual sideband rejection requirement, but even 
this tends to be more severe in this type of system owing 
to the level differences between adjacent channels. 

A further important constraint was power consumption. 
Remote terminals of up to three channel-ends must be 
capable of feeding from air-depolarizing dry cells or 
thermo-electric generators of small size [4]. Two watts 
per channel-end gave an output level to line sufficiently 
high to avoid the necessity for compandors on every 
channel. The basic system concept did not assume the 
use of compandors although undoubtedly in some appli
cations the higher-frequency channels would require them. 
Omission of the compandor did not increase the filtering 
complexity as the major filtering problem is the rejection 
of the adjacent carrier at the receiver. 

3.2 Filters and Frequency Plan 

From Table 1 it was concluded that an 8-kilohertz 
spacing of channels would be the most suitable. At this 
spacing significant assistance from filters on the voice-
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Table 2 - Relative levels 

·-Transmit amplifier output Line Detector input 

Level Modulation depth Level I Modulation depth Level I Modulation depth 

Carrier +9 dBm - +7 dBm - 0 dB -
Peak sideband + 5·5 dBm 68 percent 

J 
+ 4·5 dBm 75 percent 0 dB 100 percent 

Relative test level - 2 dBm 28 percent - 3 

frequency sides of modulators and detectors could be 
obtained, since the carrier spacing is more than twice the 
voice bandwidth. 

A series of harmonically related carriers based on 
8-kilohertz was the best compromise regarding inter
ference with main-line systems although there is no ideal 
arrangement in this respect. Several factors dictated the 
ultimate choice of single-sideband transmission, for ex
ample, easier filter design, better noise performance, and 
the proposed signaling system, although the latter required 
the development of a high-quality square-law detector. 
Figure 1 shows the frequency plans for a stacked system, 
and a grouped system. Many other arrangements are 
possible, provided that adjacent channels are either 
transmitted in the same direction or belong to the same 
exchange circuit. 

Because of the possible 35-decibel level difference 
between transmitted and received sidebands and the 
higher level of the transmitted carrier, the intermodulation 
requirement for sending and receiving filters at the com
mon junction ends was necessarily of a high order, par
ticularly for products of the type 2A ± B. The necessary 
performance was achieved by using graded cores, those 
at the line junction being 35-millimeter diameter low
permeability ferrites. 

3.3 Transmission Levels 

In a single-sideband modulator 100-percent modulation 
occurs when the side-frequency vector has the same 
magnitude as the carrier-frequency vector. Some will 
regard this as 200 percent but since customer specifica
tions are formulated without regard to the modulation 

A-8 8 A B·A A·B A-H B-A B-A A-H A-H H-A 

b,.t b,.t b,.t b,.t ~t b,.t b,.t b,.t b,.t b,.t 

dBm 32 percent - 7-5 dB 42 percent 

system, it is best to identify 100 percent with peak mod
ulation. 

Since various forms of discrimination in favor of the 
sideband and against the carrier occur through the system 
filters, this maximum modulation depth will be obtained 
at the detector input under peak channel loading con
ditions. Under these conditions the modulator output 
corresponds to a lower depth of modulation. The relative 
test level of the channel was set at 7·5 decibels below 
peak modulation at the detector input. Table 2 shows 
relative carrier- and side-frequency levels at important 
points in the transmission path with the corresponding 
percentage modulation. 

To avoid overloading the detector the modulator could 
not be used as a limiter so a pair of reverse-connected 
silicon diodes was used instead at the channel input 
before the low-pass filter. Peak loading of the transmitting 
amplifier corresponds to voltage addition of a + 9-dBm 
carrier and two + 5·5-dBm sidebands, namely + 16·4 dBm. 
However, to reduce this loading, part of the sideband 
selection was carried out prior to amplification. 

3.4 Gain Regulation 

The target of ± 6-decibels receiving-gain regulation 
was achieved by means of a thermistor-controlled pad, 
the regulating detector being exposed to the bulk channel 
signal, namely carrier plus sideband. A mean detector 
circuit is used for this function to minimize changes in 
gain due to the fluctuating sideband signal, although this 
is smoothed by the relatively long time constant of the 
thermistor. 

B-A A H A-B 8-A 8-A A·B A-8 B-A 

~t 
A·B 
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Figure 1 - Frequency allocation plans for stacked and grouped systems. 
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3.5 Compandor 

The system was designed to work on lower-grade routes 
and should not require special line treatment such as 
transpositions for far-end crosstalk reduction. The system 
may also work on pairs paralleling main trunk systems. 
Since these pairs will not, in general, have transpositions 
applied to the same standard as the main trunk pairs, 
the transmission levels of the stackable system were 
designed so as not to degrade the main systems. In fact 
the new system is more likely itself to be degraded by 
the main system. It was therefore considered that in 
many applications a compandor would be desirable. Adop
tion of a compandor for all channels could have brought 
about a marginal simplification of some of the filters 
but, as mentioned above, it was felt that, since particularly 
in the lower-frequency channels a compandor could be 
avoided, this slight additional complexity would be justi
fied. The compandor adopted for the system has a 2:1 
compression ratio and is of syllabic type. This can give 
a noise advantage of up to 20 decibels. 

3.6 Signaling 

The earlier system used carrier interruption and so no 
signaling information could be passed during a conver
sation. Carrier-shifting methods need close tolerances in 
discriminator circuits unless this shift is of the order of 
1 percent, which at 160 kilohertz is excessive from the 
point of view of channel degradation. 

The arrangement finally adopted was to shift the carrier 
so that the upper sideband is transmitted during the 
signaling period, instead of the lower, that is, a 4-kilohertz 
downward shift. This made the discriminator circuit very 
simple and, as there is virtually no loss of performance, 
the channel could be used equally with signaling on or 
off, allowing a supervisory condition to be applied. 

3.7 Line Plant 

A fundamental difference between a stackable system 
and a main-line trunk system is that the line termination 
in the former is band-limited to the frequencies of the 
send and receive sides of the channels in use. It is this 
property which enables further channels to be added but 
it has the disadvantage of leaving the line open-circuit 
at frequencies not taken up at the point of termination. 
This causes an oscillating impedance variation in these 
unterminated frequency bands as one proceeds further 
along the line away from the terminal. Ideally, to over
come this problem we would require a wide range of 
speciallytailored complementary networks, or alternatively, 
common buffer equipment which would consume power. 
In a practical system there must be some compromise. 

This impedance variation is only of consequence when 
the frequency band in question is used over some inter
mediate part of the route, or where a spur route con
nected to the main line produces impedance irregularities. 

In practice a line will always be required for normal 
service and will usually terminate on a switchboard. The 
voice termination will therefore vary widely with time 
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according to whether the circuit is engaged or not, or 
paralleled to several telephones, as for example during 
unattended night service. Line filters, therefore, are un
avoidable even though the carrier circuits may be well 
removed in frequency from the band of the voice circuit. 
Stackable channels may also be applied above the band 
of standard 3-circuit trunk systems. 

The following types of line filter were developed to 
meet the end terminal requirements. 

-A relatively simple impedance masking the line filter 
pair which can be used if the 4 to 8-kilohertz channel 
is not applied. 

-A more complex line filter for use with the 4 to 8-kilo
hertz channel. 

-A filter for combining stacked channels operating at 
carriers of 40 kilohertz and above with a standard 3-cir
cuit system whose maximum line frequency is 31 ·11 kilo
hertz. 
All these filters were designed to connect directly to 

an open-wire line without a line transformer and were 
appropriately rated. Line isolation is provided on the 
office side of the high-pass filter to protect the stacked 
channels. 

Pole- and office-type autotransformers were designed 
for matching the standard types of entrance cables, the 
pole-mounted version having reactance correction for the 
low frequencies. 

To insert or drop channels at intermediate points along 
the line a compromise termination at the ends of the line 
is required, the extent of this compromise depending upon 
the distance from the connection point to the end of the 
line. A network provided at the common point of the 
channel band filters enables a suitable combination of 
series and shunt resistors to be applied to smooth 
out any large impedance irregularities. The intermediate 
dropped channel is connected to the line via a 300-ohm 
transformer having negligible bridging loss outside the 
frequency band of its termination. It must be pointed out, 
however, that this method is applicable only if the length 
of the spur connection to the main route is small (below }../8, 
top-channel frequency). If a long spur is unavoidable it is 
necessary to adopt a compromise termination at the end 
of the spur, that is to treat it like the main route although 
there are other, more complex, ways of dealing with this 
problem. 

Finally the line filters were complemented by a special 
6-terminal bridging filter allowing access to the physical 
circuit at an intermediate point. 

With the line plant discussed a large number of system 
applications can be covered. 

4. Circuit Description of New System 

4.7 Block Schematic 

Figure 2 shows a block schematic of the terminal cards. 
Separate send and receive cards are employed to allow 
changes according to system requirements. The hybrid
termination and ringdown units are disposed on these 
two cards. The 4-wire points are brought out to card ter
minals to permit the compandor to be included if required. 
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Figure 2 - Block schematic of receive and transmit terminal cards. 

4.2 Transmit Path 

At the output of the strappable span pads a diode 
limiter prevents peak signals from overloading the sub
sequent modulator. The low-pass filter (insertion-loss 
design) cuts off at 3·4 kilohertz and plays an important 
part in the channel-separation process as well as assisting 
the signaling. The modulator is the symmetrical transistor 
version of the Cowan circuit which suppresses the carrier 
supplied from the self-contained oscillator. The unwanted 
sideband, namely the upper during the signaling-off con
dition, is almost eliminated by the first sideband rejection 
filter preceding the zero-impedance transmitting amplifier. 
At this point the carrier is re-injected at a controllable 
level. The amplifier is transformerless, class AB push
pull, with an overload point of greater than 8 dBmO. 
The necessary frequency-attenuation characteristics in a 
transmitted-carrier single-sideband system depend on 
effective suppression of the unwanted sideband. Sharing 
the channel band-limiting function between two filters, 
one placed at the input and the other at the output of 
the amplifier enables the system requirement of-100-dBmO 
intermodulation to be achieved in the most economical 
manner using small-volume cores for the filters. At the 
same time it relieves the amplifier of some of the un
wanted-sideband loading. Pads are provided at the ampli
fier output for adjustment of line level. 

Signaling is achieved by shifting the carrier by half 
the channel currier spacing, namely 4 kilohertz. This alters 
the transmitted sideband from lower to upper. The signaling 
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input condition is obtained by earthing the M wire to 
modify the oscillator tank circuit as shown in Figure 3. 

4.3 Receive Path 

The appropriate frequency band is selected by the 
receive-channel filter. Due to the effect of high near end 
transmitted signals the choice of coil cores in the receiving 
filter is important in reaching the required crosstalk and 
intermodulation margins. However a progressive reduc
tion in core volume moving away from the line terminals 
was found to be possible. Level-adjustment pads are pro
vided before the conventional receiving amplifier, which 
is followed by a variable pad under the control of a 
thermistor. A further amplifier provides three outputs, one 
of which is mean rectified and passed to the thermistor. 
A second output from the splitting amplifier is taken to 
the square-law detector to recover the modulation. A 
fixed-gain amplifier, low-pass filter, adjustable-gain ampli
fier, and span pads complete the receive path. The third 
output from the splitting amplifier provides the input to 
the signaling discriminator which operates a sealed reed
relay via a differential amplifier. 

The ringing and terminating options catered for without 
additional equipment are 17 hertz on the 2-wire line, 
direct-current loop, or E- and M-wire earths_ Generator
start contacts are provided to operate a 17-hertz generator 
which may be located with the channel equipment. 
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Table 3 - Temperature coefficients 

Temperature coefficient in parts per million 

Coil type Frequency range per degree Celsius Ratio 
(kHz) CafCb 

Coil Ca Cb Total 

A 4 to 48 +160 ± 160 -150 ± 90 +30±30 + 10 ± 250 1: 0 
B 52 to 100 + 60± 60 -150±90 +30±30 0 ± 120 1 :1 
c 104 to 160 + 30± 30 -150 ± 90 + 30 ± 30 0± 80 1: 2 

5. Performance 

5.1 Frequency Stability 

One of the first investigations carried out during the 
design was the determination of the frequency stability 
with conventional components. The final oscillator circuit 
is shown in Figure 3 with biasing and matching details 
omitted. For use over the complete frequency range, 4 to 
160 kilohertz, three different types of coil core are neces
sary. Since the temperature coefficients of the three 
classes differ, the types of capacitor used for Ca and Cb 
had to be chosen to give a zero change of nominal fre
quency over the temperature range 0 to 50 degrees 
Celsius. 

Table 3 relates the spread of temperature coefficients 
of the three tank-circuit components, the total temperature 
coefficient and the capacitance ratio. Capacitors Ca and 
Cb are polystyrene and mica, respectively. 

All oscillators were adjusted at mid temperature, namely 
+ 25 degrees Celsius, and for a variation of ± 25 degrees 

TO MODULATOR 

CARRIER 

M ·WIRE 
RE - INJECTION 

-Vbb 

Figure 3 - Final oscillator circuit without biasing and matching details. 

Rl 

INPUT OUTPUT , ,----+---t ____ ___._---1 

':,) 
R2 RL 

02 

-Vbb 

Figure 4 - Square-law detector with a suitably modified characteristic to 
reduce forward-voltage drop and maintain correct characteristic over working 

temperature range. 
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Celsius a worst case frequency change of ± 160 hertz 
was expected. Tests on 10 different oscillators over this 
range, and with relative humidity from 10 to 90 percent, 
produced frequency errors all lying within the expected 
spread. Frequency changes due to supply-voltage change 
are minor by comparison, the worst case being ± 25 hertz 
for ± 5 volts on a nominal 20 volts. 

5.2 Square-law Detector 

A linear detector used in a single-sideband transmitted 
carrier system produces unacceptable distortion unless 
the ratio of carrier to sideband amplitudes is high. Satis
factory harmonic performance therefore requires the use 
of a square-law detector. 

A normal germanium point-contact diode exhibits a 
square-law current/voltage characteristic for small ampli
tude signals but was found to be too temperature sen
sitive. A silicon planar diode was therefore chosen using 
a circuit which suitably modifies its characteristics. The 
silicon diode alone is unsuitable because of its high for
ward-voltage drop V1 and its current/voltage characteristic 
which approaches a fourth-power Jaw. 

Table 4 - Harmonic performance with modulation depth 

Carrier level 0 0 0 0 

Side frequency level -17 -7 -3 0 

I Modulation depth 14 45 71 100 

2nd Harmonic margin* 60 48 43 33 
------

3rd Harmonic margin* 60 39 31 26 

• With reference to the fundamental demodulated output. 

Table 5 - Harmonic performance with temperature 
(at 45 percent modulation depth) 

Temperature, 
-5 10 24 

~ 
degrees Celsius 

2nd Harmonic margin* 44 47 49 

3rd Harmonic margin* 39 39 40 

• With reference to the fundamental demodulated output. 

Table 6 - Typical variation for 30-baud signals 

Line loss Nominal 

Distortion milliseconds -1·5 

Nominal 
+10dB 

-1·0 

dBm 

dBm 

percent 

dB 

dB 

55 

48 dB 

40 dB 

Nominal 
-10dB 

-2·0 
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Figure 5 - Signaling receiver and discriminator circuit. 

In the modifying circuit, shown in Figure 4, forward 
biasing is used to reduce V1 and the power law is changed 
by introducing series resistance. Diode D2 and the poten
tial divider formed by R1 and R2 serves to reduce v1 to 
zero. Since D2 has the same temperature coefficient as 
D1 this reduction is maintained over the working tem
perature range. Resistors R1 and R2 in parallel form the 
series resistance to modify the D1 characteristic. In prac
tice the optimum is established by adjustment of R1a 
while measuring the second harmonic output of a test 
signal. Tables 4 and 5 illustrate the detection performance. 

To maintain the supply voltage to the detector constant 
with temperature, a 5·1-volt zener diode, having a nom
inally zero temperature coefficient, is used to establish 
Vbb. 

5.3 Discriminator and Signaling Circuit 

A schematic of the signaling receiver with the dis
criminator is shown in Figure 5. The network, consisting 
of L, C1 and C2, is arranged to have a pole at the 
normally transmitted carrier frequency fi and a zero at 
the transmitted carrier frequency corresponding to the 
signaling-on condition, f, - 4-kHz. With f, transmitted 
point a is more positive, and with f, - 4-kHz transmitted 
point b is more positive. Relay R is operated in the latter 
condition. In the absence of any signal the relay is held 
in the unoperated condition by the difference in the for
ward-voltage drop between the germanium and silicon 
diodes. 

The signaling receiver tends to be self-protecting 
against voice operation in either the non-operated or op
erated condition since speech energy is always concen
trated near the carrier frequency and thus supports the 
carrier. 

Table 6 shows a typical variation of signaling distortion 
for 30-baud signals. 

Adjustment on the signaling receiver was not con
sidered necessary and is not provided. 

5.4 Automatic Gain Control 

A high resistance feeds the bulk channel signal to a 
diode bridge forming a mean rectifier circuit whose out
put is compared with a reference zener diode. 

Mean detection of the signal was chosen for the func
tion since this results in least change in the regulated 
level due to speech superimposed on the channel carrier, 
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thus avoiding the need for filtering the carrier. It should 
be noted, however, that since the channel signal is ulti
mately recovered in a square-law detector the demodulated 
output suffers a doubling-in-level change due to the 
residual inaccuracy of the automatic-gain-control system. 
The relatively long time constant of a thermistor-con
trolled system avoids syllabic variations in this respect. 
The range of control is ± 6 decibels for a mean maximum 
line loss of 29 decibels. The residual error resulting from 
a 6-decibel loss change is 0·6 decibel after doubling by 
the square-law detector. 

5.5 Overall Characteristics 

Figure 6 shows the overall frequency-attenuation char
acteristics, obtained in a back-to-back test, for bottom, 
middle-range and top channels. lnterchannel crosstalk is 
better than - 65 dBmO with 90 percent of adjacent com
binations better than - 70 dBmO. Adjacent channel inter-
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Figure 6 - Overall frequency-attenuation characteristic obtained in a 
back-to-back test for bottom, middle-range, and top channels. 
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ference with shaped white-noise loading is better than 
300 microvolts psophometrically weighted at zero relative 
level whilst send-to-receive within-channel crosstalk has 
a worst value of -45 dBmO. All results refer to uncom
pandored channels. 

6. Mechanical Layout 

Figure 7 shows the arrangement in which three shelves 
in deep-rack construction accommodate 10 channel-ends 
with power supply, compandors (if required), line filter 
and line coil. The first shelf may be used alone to 
provide the first-in equipment for up to two channels with 
common plant. A wall-mounted version of this shelf has 
been engineered and is shown in Figure 8. Two other 
shelves each accommodate 4 channel ends. 

Typical send and receive channel cards are illustrated 
in Figure 9. 
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1. Introduction 

Component encapsulation is normally required for pro
tection against environmental agents such as moisture, 
chemicals, heat, and molds, and against general mechan
ical damage including vibration. The use of plastics for 
encapsulation has resulted from the increasing complexity 
of modern electronic equipment and the keenness of 
competition in this industry, which have necessitated the 
investigation of all possible ways of reducing the cost of 
the extensive range of components now required. Initially, 
plastics encapsulation was introduced for the very low
cost limited-life market, but in the light of experience 
gained in this application, and with a more thorough eval
uation of the properties obtainable from the materials 
and processing techniques, it became apparent that plas
tics encapsulation might be suitable for more critical ap
plications. 

For many years, it had been considered that moisture 
protection for components required the use of hermeti
cally-sealed metal cases. Such encapsulation, if properly 
executed, is truly hermetic, but in fact the several nation
al and military specifications which define the performance 
requirements for such electrical components do not, in 
general, ask for absolute hermetic sealing. These specifi
cations call for preservation of the essential electrical 
characteristics of the component during a prescribed pe
riod of days of exposure to a specified relative humidity 
and temperature. 

Such requirements for the encapsulating medium per
mit the use of organic resin systems, such as polyesters, 
alkyds, epoxides, and silicones as simultaneous moisture 
barriers and mechanical strengtheners for components. In 
general, the most costly resin systems provide the great
er degree of moisture protection, and there is a great 
variety of ways of applying the encapsulant to the com
ponent, as discussed later in this paper. Resin systems 
generally provide cheaper encapsulation than is possible 
with hermetic sealing. 

Table 1 - Main resinous materials 

Liquid Solid Liquid Type of resin 
resin resin rubber 

Epoxide + + 
Polyester + 
Silicone + 
Polyurethane + + 
Alkyd 

Thermoplastics 
for example, polypropylene 

Hot melts + 

• Covers granular transfer molding compounds and also dough compounds. 
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When deciding the most suitable process and material 
for a particular component encapsulation, the following 
are the principal factors which must be taken into ac
count, 
-volume of production, 
- permissible capital expenditure on plant, 
- acceptable cost of encapsulation, 
- degree of moisture protection required; this often de-

termines the thickness of encapsulant, 
- mechanical protection required, 
- service temperature range, including resistance to wide 

temperature excursions (sub-zero to elevated), 
- electrical requirements in encapsulant, 
- possible effect of encapsulant on component, for ex-

ample, due to chemical interaction, or to stresses set 
up during cure and/or thermal excursions, and 

- heat dissipation requirements. 
The variety of materials and processes now available 

are briefly discussed in the next sections. 

2. Materials 

Bearing in mind the wide range of techniques now in 
use for component encapsulation and protection (see 
Section 3), the main resinous materials used for this pur
pose are listed in Table 1, together with an indication of 
the principal forms in which they are commonly available. 

The more-important characteristics of these various 
resin types are briefly commented on below. 

2.1 Epoxides 

The most commonly used epoxide resins are conden
sation products of epichlorhydrin and diphenylolpropane 
(bisphenol A), but resins based on cycloaliphatic diepox
ides, epoxy-novalacs, epoxidised polyolefines, et cetera, 
are now commercially available for special applica
tions. The bisphenol A resins are available in solid and 
liquid form, and can be cured over a wide range of con
ditions of temperature and time using a variety of curing 

Molding* Powder Coating Foaming 
compound solution compound 

+ + + + 
+ 
+ + + 

+ 
+ 

+ + 
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agents such as aliphatic amines, aromatic amines, poly
amides and acid an hydrides. They can be modified through 
the addition of plasticizers, reactive diluents, flexibilizers, 
fillers, and so on, and thus provide an extremely versatile 
group of materials. 

Epoxides are characterized by low curing shrinkage, 
good adhesion properties, low water absorption and 
transmission, and good mechanical and electrical proper
ties. 

2.2 Polyesters 

Polyesters were the first casting and potting resins 
widely used for component encapsulation. Liquid resins, 
comprising an unsaturated polyester and a reactive mon
omer, are converted to the solid form, usually by means 
of organic peroxide curing agents, with or without ac
celerators. The resin composition can be varied to give a 
range of flexibility or rigidity in the cured products, and 
fillers can be incorporated. 

Although having generally good mechanical and elec
trical properties, polyesters suffer from a high shrinkage 
during cure, which often leads to cracking in castings and 
is probably an important factor responsible for their ap
parently inferior adhesion properties compared with epox
ides. They are, however, relatively low-cost resins. 

2.3 Silicones 

Silicone resins, based on silicon-oxygen chain struc
tures, have superior heat resistance to the other encap
sulants listed in Table 1. They are generally suitable for 
continuous service at temperatures up to about 250 de
grees Celsius, have good electrical properties, moisture 
resistance, and low-temperature properties, and are 
unique in providing a range of rubbery-type coatings and 
encapsulation compounds in addition to rigid types. They 
are still, however, expensive materials. Typical compounds 
include, 
- two-component room-temperature vulcanizing RTV sili

cone rubbers in a range of viscosities, 
- one-component rubbers curing at room temperatures 

by reaction with atmospheric moisture, 
- transparent two-component rubbers curing at room or 

elevated temperatures, 
- two-component dielectric gels, 
- solventless silicones curing to hard tough products, 

and 
- silicone varnishes, including high-purity grades for 

semiconductor device coating. 

2.4 Polyurethanes 

Reaction of diisocyanates with selected polyesters, 
polyethers, polyols, et cetera, gives casting and coat
ing compounds which cure to rubbery solids at room or 
elevated temperatures. The reaction can be carried out in 
a one-shot system in which the complete reaction is car
ried out by the user, or with a pre-polymer system in 
which the reactants are partially reacted before use, and 
curing is effected in the presence of a catalyst or chain 
extender. 
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The resins can be formulated over a wide range of 
hardness, and provide a valuable combination of flexibil
ity and resistance to shock and impact (high mechanical 
damping), with good electrical properties. Polyurethane 
liquid rubbers can be blended and co-reacted with liquid 
epoxide resins to impart flexibility and impact resistance 
to these materials. 

2.5 Molding Compounds 

Transfer molding compounds for component encapsul
ation are usually based on epoxide or silicone resins 
with either mineral powder or glass-fiber fillers. Unsat
urated polyesters, which are also known as alkyd resins 
and include diallyl phthalate or DAP resins, are also avail
able as granular transfer molding compounds; in addi
tion, they can be compounded with suitable catalysts and 
fillers to give doughs or putties which can be applied to 
components by low-pressure methods. The injection mold
ing of glass-filled DAP resins has been reported, using a 
cool-nozzle/hot-mold technique. The embeddment of com
ponents in thermoplastic materials such as polypropylene 
by injection molding requires special techniques to avoid 
damage to the component. 

2.6 Foams 

Light-weight and low-cost encapsulants are provided 
by foamed resins, produced by two main methods, 
- gas evolution as part of the chemical reaction produc

ing the resin; rigid and flexible polyurethane foams 
are produced in this way, and 

- evolution of gas from blowing agents added to the 
resin; epoxide and silicone foams are typical of this 
class. 
Low-density compounds (or syntactic foams) are pro

duced by incorporating low-density fillers such as phenol
ic resin or glass microballoons in a suitable resin. 

2.7 Hot Melts 

Hot melts, based on special waxes or thermoplastics 
such as ethyl cellulose or cellulose acetate butyrate, are 
included for the sake of completeness although not wide
ly used in component encapsulation. 

2.8 Inorganic Compounds 

Operation of electronic equipment at temperatures in 
excess of about 300 degrees Celsius has required the 
development of inorganic encapsulants based, for ex
ample, on dispersions of low-melting point glasses or in

organic binder/filler type of cements. These materials still 
present problems in processing, and there are certain de
ficiencies in their properties in the cured state. 

3. Techniques 

It will already be apparent that there is a wide variety 
of processes available for the plastics encapsulation of 
components; the principal ones are listed below. 
- Casting techniques (molding, potting, sealing, et cetera). 
- Dip-coating using solventless liquid resin compositions. 
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- Powder-coating by fluidized bed techniques. 
- Solution-coating. 
- Resin preform/molded case technique, for example, 

Ciba E-P AK system. 
- Transfer molding. 
- Dough molding. 
- Injection molding. 

It is not possible within the scope of this paper to con
sider these various processes in detail, but a critical anal
ysis of their more important features is given. The ulti
mate choice of method for a particular component will 
depend on the factors listed earlier. 

3.1 Casting Techniques 

These are particularly suitable for production, involving 
a wide range of components in small or moderately large 
quantities. This scale of production can be achieved with 
relatively cheap and simple equipment, but may involve 
handling problems, and lead to variability in the products. 

The technique can be mechanized for large-scale pro
duction through the use of automatic metering, mixing, 
dispensing, and casting equipment. 

Molds can be constructed from a variety of materials, 
ranging from cheap plastics or silicone rubber to more 
expensive metal, the ultimate choice depending very much 
on the output required. 

Casting is the principal process for potting in cans 
or molded cases, applying end-seals, and for impreg
nation of fine windings or intricate parts. The quality of 
protection obtained ranges from minimal to that neces
sary to meet the most severe requirements for plastics 
encapsulation. A wide range of casting resins is avail
able. However, the processing of certain resins, hard
eners, and fillers, involves toxic hazards requiring the 
provision of appropriate protection equipment. 

3.2 Dip-coating 

This technique requires simple and inexpensive pro
cessing equipment (no molds required) and the process 
can be adapted to automation. It is suitable for applying 
only relatively thin layers of encapsulant, but thickness 
can be built up by repeated dipping. The protective coat
ings are generally suitable only for less-severe humidity
exposure conditions. 

There are still problems to be solved in formulation of 
dip-coating compounds with optimum flow properties 
which will give adequate coverage of components (re
producibility of thixotropic systems can still be trouble
some). 

3.3 Powder-Coating, Fluidized Bed 

This technique can give a good coat in one dip, with 
virtually no material wastage even on complex shapes, 
without the use of solvents or liquid resins. The neces
sary plant ranges from simple fluidizing tanks to auto
matic machines incorporating ultrasonic cleaning, induc
tion heating, fluidized-bed immersion, and oven curing. 
No molds are required, but masking is needed. The coat-
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ing is difficult to apply to small components of low ther
mal capacity, but components can be preheated by induc
tion heating. 

A wide range of powders is now available including 
thermosets such as epoxides, and thermoplastics such as 
polyethylene, nylon, and cellulose acetate butyrate, but 
epoxides are usually preferred. The application tempera
tures tend to be too high for many components (120 to 
200 degrees Celsius for epoxides, usually upwards of 
200 degrees Celsius for thermoplastics). The technique is 
suitable for components requiring a relatively thin layer 
of encapsulant. 

3.4 Solution-Coating 

This method is limited in its use for component pro
tection. In general, it is only suitable for the application 
of thin coatings owing to limitations imposed by the pres
ence of a solvent. Typical examples are silicone dipping 
and impregnating varnishes, and silicone resistor coating 
cements. Possible applications are for pre-coating devices 
with, for example, a resilient layer, prior to encapsulation 
by conventional techniques. 

3.5 Resin Preform/Molded Case Technique 
(Ciba E-P AK system) 

This technique utilizes molded plastic cases or sleeves, 
and preformed resin pellets (usually uncured or partially 
cured epoxide). Only a small capital outlay is required 
for plant - mainly jigs and curing ovens - and produc
tion costs are generally low. No mixing and handling of 
liquid resins, hardeners, and fillers is necessary and no 
cleaning of molds is required. There is also no wastage 
of resin. 

Finished products are of consistently good appearance 
and uniform size. The method is applicable to various 
forms of component protection, such as, encapsulation, 
sealing, end-sealing, and embedding in metal cans. A 
range of formulated epoxide pellets is now available, for 
example, Araldite £-form pellets, for specific applications. 
Epoxide pellets are sensitive to heat and moisture so 
that careful storage is necessary for reasonable shelf life. 

Molded cases and sleeves, particularly thermosets 
such as epoxide and diallyl phthalate, are relatively ex
pensive, and standardization of sizes is essential. Injec
tion-molded thermoplastic cases and sleeves are gener
ally cheaper but problems of resin-to-case adhesion oc
cur with some materials like polypropylene. 

3.6 Transfer Molding 

This is readily adaptable to high-volume automated 
production using multicavity molds. No handling of liquid 
resin, hardeners, and fillers is necessary so toxic haz
ards are minimal. Good appearance and dimensional ac
curacy can be expected in encapsulated components. 

A wide range of epoxide and silicone transfer com
pounds is now commercially available. Dlallyl phthalates 
are also coming into use. Transfer pressures can be as 
low as 50 lb/in2 depending on grade, which is advante
geous for delicate components. Rapid cure cycles of the 
order of 1 to 2 minutes can be achieved. 
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Figure 1 - Casting resins with matched thermal expansion. 

The process involves substantial capital outlay for 
plant; molding presses and multicavity molds are expen
sive. The high cost of molds generally restricts the pro
cess to high-volume production components. Postcuring 
is frequently necessary to develop the full properties of 
the encapsulant. 

Moisture protection afforded by transfer molding is 
still considered inferior to that achieved by casting, prob

ably due to the influence of added mold-release agent. A 
fairly high wastage of material occurs in runners and 
transfer pot (30 to 40 percent). 

3.7 Dough Molding 

This process offers many of the advantages of transfer 
molding but with a reduced capital outlay for plant; presses 
and molds are generally simpler and less expensive (low 
molding pressures). 

Polyester, alkyd and epoxide doughs are commercially 
available but many do not seem suitable for component 
encapsulation. Fast cure cycles are achieved with alkyds 
and polyesters, but the present epoxide doughs cure 
slower than transfer-molding epoxides, and have shorter 
shelf life. 

Moisture protection is generally inferior to that ob
tained by best casting techniques. This process is poten
tially a cheap method of encapsulation using alkyd or 
polyester doughs for high-volume production components 
requiring moderate moisture protection. 

3.8 Injection Molding 

Limited experience has been obtained to date in the 
application of this technique to component encapsulation. 
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Attractive features include possible use of cheap thermo
plastic encapsulants in conjunction with fast-molding 
cycles. 

Special molding techniques are probably necessary to 
minimize effect on components of the high injection pres
sure normally used. High thermal shrinkage and poor 
adhesion to lead-out wires can adversely affect moisture 
protection. 

Recent developments are screw injection and cold 
plunger injection of thermosets; both use relatively cool 
injection cylinder and nozzle, and hot molds. 

4. Applications 

Two practical aspects of component encapsulation will 
be considered in some detail: the development and appli
cations of Loexr~i (low expansion) casting resins, and in
vestigations on the encapsulation of silvered mica capa
citors. 

4.1 Loex Casting Resins 

The work carried out at Standard Telecommunication 
Laboratories, Harlow, England, on component encapsula
tion has been particularly concerned with the development 
of improved casting compositions based on filled epoxide 
resins. These have proved to have certain advantages 
over commercially available materials. 

The following favorable processing properties were 
required in the basic epoxide system, 
- low initial viscosity to facilitate handling, particularly 

degassing and the incorporation of a high loading of 
filler, 

- reasonable pot life at temperatures up to 80 degrees 
Celsius, 

-- rapid gelation at the cure temperature to permit quick 
mold turn round, 

- cure temperature not exceeding the upper limit of 
component rating, 

- no excessive exotherm development during cure, and 
- low toxicity. 

In developing these compositions, particular attention 
has been paid to the following requirements in the cured 
products. 
- Control of thermal expansion through the use of a 

high loading of carefully selected filler; this property 
can be sufficiently matched to that of conventional 
component materials (see Figure 1) so as to permit rela
tively large temperature excursions without setting up 
significant stresses either in the component or encap
sulant. 

- Reduction in curing shrinkage in order to minimize in
ternal stresses and the shrinkage of resin away from 
an outer case; this again is achieved through the use of 
a high filler loading. 

- Low moisture absorption through the incorporation of 
carefully selected and treated fillers, and the presence 
of hydrophobic additives. 

- Low moisture vapor permeability using the same ap
proach as for sorption: with epoxide resins we have 

® Registered trademark 
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Table 2 - Properties of Loex compositions 

Loex 200 
I 

Loex 100 

HDT (ASTM 0648) 137 degrees Celsius 70 degrees Celsius 
Density 1 ·74 g/cm3 1·76 g/cm3 

Linear thermal expansion (ASTM 0696) 22 X 1 o·6/ degC 27-29 x 10·6/degC 
Curing shrinkage (volumetric) about 1 percent about 1 percent 
Thermal conductivity 0·0013 cal/ cm.s.degC about 0·0011 cal/cm.s.degC 

Water absorption (BS 2782 method 502 F): 

24-hours immersion 6mg 2mg 
1-week immersion 13mg 5mg 

13-weeks immersion 24mg 17 mg 
Water vapor transmission 0·63 X 1 o-s g/cm.h.mmHg 0·17 X 10-s g/cm.h.mm.Hg 
(Patra cup method, 1-mm thick disks, 
40 °C, 90 percent RH) 
Flexural strength (BS 2782, method 304 B) 15000 lb/in2 15800 lb/in2 

Flexural modulus (BS 2782, method 304 B) 1 ·6 X 106 lb/in2 1-7 X 106 lb/in2 

Electric strength (BS 2782, method 201 G) approx. 300 V/mil over temperature approx. 250 V/mil over temperature 
range 20-150 degrees Celsius range 20-150 degrees Celsius 

Permittivity (BS 2067): 

1 MHz 4·31 
80MHz 4·23 

Power factor (BS 2067): 

1 MHz 0·0075 
80MHz 0·0085 

Insulation resistance (BS 2782, method 204A) > 2 X 1013 ohms 
Volume resistivity (BS 2783, method 202A) > 1015 ohm.cm. 

found that sorption and permeability respond in a sim
ilar way to changes in composition. 

- High heat-deflection temperature HDT, particularly 
where stability of the properties of the encapsulant at 
elevated temperatures is important. 

- Good thermal stability; the basic Loex resin system 
is characterized by high HDT thermal stability. 

- Increased thermal conductivity for applications where 
heat dissipation in encapsulated components is impor
tant, particularly with the trend towards miniaturization; 
this is achieved through the incorporation of a high 
loading of selected fillers. 
It should be emphasized that optimization of all the 

above properties cannot normally be achieved in a single 
composition, and two Loex compositions have been stand
ardized for general use. 
- Loex 200, for applications requiring minimum thermal 

expansion and high HDT, and 
- Loex 100, for applications requiring minimum moisture 

absorption and transmission, but where some sacrifice 
in thermal expansion and HDT can be accepted. 
Detailed properties of these two resins are given in 

Table 2. 
A further composition for applications requiring maxi

mum thermal conductivity is under development; this work 
has reached the stage of achieving an approximate 9-fold 
increase in thermal conductivity over that of the unfilled 
resin. 

Some typical applications of Loex resins, requiring 
special properties in the encapsulant, are given in Table 3. 

4.2 Encapsulation of Silvered Mica Capacitors 

We present here test results on silvered mica ca
pacitors encapsulated in several specially formulated 
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4·00 
4·04 

0·0033 
0·0044 
> 2 X 1013 ohms 
> 1015 ohm.cm. 

epoxide casting resins, by a fluidized-bed epoxide coat
ing, by compression molding in alkyd doughs, and by 
transfer molding in epoxide powder. 

In the case of professional mica capacitors the resin 
coverage is very thin (0·03 to 0-05 inch or 0·76 to 1 ·27 mil
limeters), and it is desired to achieve one of the following 
levels of protection: 

No. of days exposure to 90-percent RH 21 56 
at 40 degrees Celsius 

Maximum permissible percentage 0·5 0·5 
change in capacitance 

Maximum permissible loss angle, tan o 0·0029 0·0029 

* Minimum insulation resistance, 1·0 x 104 2·5 x 104 

megohms at 125 volts direct current 

' It will be noted that the insulation resistance requirement is much more 
severe for 56-day test. These are separate specifications, 21-day and 56-day. 

4.2.1 Cast Units 

The results given in Table 4 are for mica capacitors 
cast in various epoxide resin systems using split thermo
plastic molds for casting. With capacitors, first signs of 
failure due to moisture penetration are observed as a 
drop in insulation resistance. Prolonged exposure results 
in deterioration in loss angle and significant change in 
capacitance. 

The results for a simple anhydride-cured-resin system 
(Resin 1), Table 4, show that it will not provide moisture 
protection even for a period of 21 days, because of the 
restricted resin thickness permitted on this type of ca
pacitor. 

The addition of a special liquid water-repellent additive 
gives notable improvement (Resin 2), although not all the 
units tested satisfy the 21-day exposure test. 
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Table 3 - Typical applications of Loex resins 

Component Special features or requirements Resin used 

Silvered mica capacitor Maximum resistance to moisture to meet H6 classification 
of DEF 5011. 

Loex 100 

Thin-film circuits Protection against moisture and mechanical damage; latter requires 
low-expansion resin. 

Loex 100 

Microwave tunnel diode Mechanical protection of fragile junction requires low-expansion resin 
to minimize effects of thermal cycling; also good moisture protection. 

Loex 200 

High-voltage silicon diodes Good electrical breakdown characteristics in small device. Maintenance 
of high-reverse-voltage under humid conditions. 

Loex 200 with 
reduced filler content 

Antenna-base casting for 
aircraft and satellites 

Resistance to thermal cycling, for example -40 to + 70 degrees 
Celsius, in casting with substantial metal insert, requires matched 
expansion coefficient. Also radiation resistance for satellite antennas. 

Loex 200 

Ferrodot® recorder head Requires matched expansion resin for impregnation of fine-wire/coil 
assembly, with no mechanical damage due to curing or thermal 
shrinkage. 

Loex 200 

® Registered Trademark 

Table 4 - Long-term damp heat. Results on silvered mica capacitors (220-250 pF) encapsulated in cast epoxide resins 

Resin system 

1) Unfilled epoxide resin (anhydride cured) 

2) Unfilled epoxide resin plus liquid water-resisting 
additive (amine cured) 

3) Resin system as 2) plus 200 parts-per-hundred-
of-resin filler 

4) Anhydride-cured resin, containing water-resisting 
additive, 340 parts-per-hundred-of-resin filler 

I and agent for wetting out surface of filler 

I 
(Loex 100) 

The addition of an inert impervious filler to Resin 2 did 
not noticeably change its moisture-protection properties 
(Resin 3). 

The performance of a filled-resin system can also be 
significantly improved by the addition of a chemical agent 
which ensures complete wetting of the filler by the resin 
(Resin 4). This treatment ensures that moisture diffusing 
through the resin cannot find an easy diffusion path along 
the surface of a badly wetted filler. 

4.2.2 Molded Units 
Press-molded encapsulation offers a rapid production 

procedure with reduced labor cost and very attractive 
component appearance compared with cast units. Data 
have, therefore, been collected to determine the moisture 
protection provided by this type of encapsulation, bearing 
in mind that molding materials must have a built-in mold 
release agent, which will, however, reduce the adhesion 
of the resin to the component termination wires. This lack 
of adhesion could provide a path for moisture access to 
the component. 

The data collected in Table 5 are for mica capacitors 
encapsulated in two commercial alkyd molding doughs. 
Dough A essentially meets the 4-day protection require-
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Percentage failures Average insulation resistance 
in megohms 

After 21 days After 56 days After 21 days I After 56 days 

100 - < 1·0 x 104 <0·5 x 104 

20 100 3·9 x 104 <2·5 x 104 

17 100 3·2 x 104 <2·5 x 104 

0 0 > 5·7 x 106 1·96X 106 

ment, and nearly half the units pass the 21-day exposure 
test. Tests with a penetrant-dye solution show that failure 
is due to penetration of moisture between the resin and 
termination wires; this can occur because of the fairly 
high shrinkage of these resins on curing. In the case of 
Dough B the less satisfactory performance results from 
the presence of glass fibers in the dough which, unless 
properly wetted-out by resin, provide a path for penetra
tion of water vapor through the resin. 

A more sophisticated but more expensive encapsula
tion can be achieved by transfer molding the components 
in epoxide resin. In this case, cure shrinkage is lower 
than for alkyd doughs, and it is seen from Table 6 that 
21-day protection is readily achieved with a wide range 
of Hysol transfer molding compounds. None, however, 
can provide 56-day protection with the limited resin 
thickness permitted on these capacitors. Failure to meet 
the 56-day requirement is probably due to presence of 
mold release agent in these resins. 

4.2.3 Fluidized-Bed Coating 

Where a lesser degree of moisture protection is re
quired the simple technique of fluidized-bed coating of 
the component with an epoxide resin powder can provide 
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Table 5 - Long-term damp heat. Results on silvered mica capacitors (4000 to 4300 pF) with compression-molded alkyd encapsulation 

Initial parameters After 4 days After 21 days 
damp heat damp heat 

Commercial 
alkyd dough Insulation Percentage 

Loss 
Insulation Percentage 

Loss 
Insulation 

Loss resistance capacitance resistance capacitance resistance 
angle megohms change angle megohms change angle megohms 

Dough A 1·0' 6·9 X 105 O·O 1·3' 4·0 X 105 + 1-4 I 30·2' <12·5 
0·6' 6·2 X 105 + 0·9 25·0' 5·0 x 102 + 7·7 > 47-0' <12·5 
1·0' 4·5 X 105 < + 0·1 1·2' 2·5 X 105 + 1-2 28·8' 2·8 x 102 

0·7' 5·7 X 105 < + 0·1 0·9' 3·1 X 105 + 0·14 1·1' 3·1X105 

1-1' 8·3 X 105 + 0·12 1·2' 3·1 X 105 + 0·22 3·0' 1·8 x 104 

0·7' 8·3 X 105 < + 0·1 0·9' 3·1 X 105 + 0·14 1·1' 1·2 X 105 

0·8' 7-4 X 105 < + 0·1 1·0' 4·0 x1os < + 0·1 1·5' 5·0 x 104 

1·3' 8·9 X 105 < + 0·1 1·3' 3·1 X 105 + 0·14 3·4' 1-7 x 104 

0·6' 6·9 X 105 + 0·19 3·7' 2·5 x 103 + 5·4 47·0' 52 

Dough B 1-1' 4·3 X 105 + 0·19 4·3' 2·1 x 1Q3 - - -
0·5' 4·5 X 105 + 0·30 6·0' 3·1 X 105 + 4·2 > 47' 45 
0·7' 4·6 X 105 + 1·2 33' 1·25X 102 - - -
0·4' 5·0 X 105 + 3·5 >47' <12.5 - - -
1·8' 5·0 X 105 + 1·43 34' 1·8 x 102 - - -
1·1' 4·5 x 105 + 1·75 >47' 40 - - -
0·8' 4·5 X 105 + 2·75 >47' 31 - - -

Limiting values - - 0·5 percent 10' 1·0 x 104 0·5 percent 10' 1·0 x 104 

to DEF 5132 & 5011 maximum maximum minimum minimum maximum minimum 
change change 

Table 6 - Long-term damp heat. Results on silvered mica capacitors (50 pF) transfer-encapsulated in several Hysol epoxide 
molding compounds 

Initial values After 21 days After 56 days 

Hysol resin 
Capaci- Insulation Percentage Insulation Pocoeotoge I~ Insulation designation Loss Loss 

I 
tance 

angle 
resistance capacity 

angle 
resistance 

I 
capacity osi8 resistance 

(pF) megohms change megohms change ang e megohms 

MG4-01 51·28 1·8' > 6 x 106 +0·23 2·1' 9·4 X 105 + 0·70 I 7·8' 1-3 x 103 

52·07 2·4' > 6 x 106 +0·17 2·65' 3·0 x 106 + 0·38 8·3' 2·0 x 103 

51·52 2·1' > 6 x 106 + 0·27 2·1' 6·0 x 106 + 0·70 4·8' 1·0 x 104 

I 
51-70 1·8' > 6 x 106 +0·15 1·8' 5·0 x 106 + 0·93 7·6' 

I 
3·5 x 103 

51-70 2·1' > 6 x 106 +0·29 2·54' > 6·0 x 106 + 0·68 4·0' 1-25X 104 

MG5F 51·84 2·36' > 6 x 106 +0·04 3·3' > 6·0 x 106 + 1-7 13·8' 1·2 x 103 

51·33 1·36' > 6 x 106 + 0·64 2·3' > 6·0 x 106 + 1-4 9·1' 1·05X 104 

51-13 2·04' > 6 x 106 + 0·29 2·75' 40 + 1·0 8-7' 47 
52·06 2·00' > 6 x 106 - 0·12 

I 
2·85' 6·0 x 106 + 0·61 8·8' 1·0 x 104 

51·25 1-78' > 6 x 106 + 0·23 3·1' > 6·0 x 106 1 + 1·0 9·1' 6·8 x 103 

MG6 51·78 2·06' > 6 x 106 - 0·04 3·07' 4·3 x 106 + 0·62 8·0' 5·7 x 103 

51·34 1·88' > 6 x 106 +0·20 2·44' > 6·0 x 106 + 0·62 3·5' 4·6 x 104 

51·81 1·86' > 6 x 106 - 0·08 2·44' > 6-0 x 106 + 0·44 4·4' 1·8 x 104 

50·79 1·63' > 6 x 106 + 0·10 2·1' > 6·0 x 106 + 0·73 3·9' 

I 
2·1 x 104 

51·55 1·60' > 6 x 106 + 0·19 2·3' > 6·0 x 106 + 0·83 5·2' 1·1 x 104 

XMG 4-D976 51-48 1·59' > 6 x 106 I 0·00 1·8' > 6·0 x 106 + 0·35 4·1' 1·1 x 104 

51·78 1·60' > 6 x 106 - 0·04 2·0' 4·3 x 106 + D-10 5·1' 7·3 x 103 

52·18 1 ·97' > 6 x 106 - 0·04 2·5' 5·0 x 106 + 0·27 6-0' 1·95X 103 
51·52 2·14' 

I 
> 6 x 106 - 0·12 

I 
2·65' 4·0 x 106 + 1·5 3·0' 85 

51·56 1·54' > 6 x 106 + 0·43 2·1' > 6·0 x 106 + 0·25 3·7' 1·4 x 104 

Acceptance limits to --=_L-- - 0·5 percent maximum 1·0 x 104 0·5 percent 10' 2·5 x 104 

DEF 5011 & 5132 maximum 10' minimum maximum maximum minimum 
change change 

I 

I 

I 

226 Electrical Communication · Volume 43, Number 3 · 1968 



Table 7 - Long-term damp heat. Results on silvered mica capa
citors (800 pf) encapsulated in epoxide resin by fluidized 
bed process 

Initial Parameters 

Thickness 
parameters after 4 days 

of resin Leakage Leakage 
in inches Tan i5 current Tan i5 current 

(uA) (µA) 

0·020 0·0001 0·000 28 0·0001 0·001 54 
(0·51 milli- 0·0002 0·000 24 0·0000* 0·001 47 

meters) 0·0007 0·000 31 0·0008 0·002 97 
0·0001 0·000 29 0·0003 0·001 55 
0·0000 0·000 33 0·0010 0·024 46 
0·0005 0·00028 0·0006 0·000 85 

0·030 0·0002 0·000 30 0·0002 0·000 27* 
(0·76 milli- 0·0000 0·000 32 0·0001 0·000 40 

meters) 0·0000 0·000 27 0·0000 0·000 43 
0·0002 0·000 30 0·0002 0·000 45 
0·0001 0·000 29 0·0001 0·000 33 
0·0003 0·000 27 0·0003 0·000 45 

0·040 0·0001 0·000 33 0·0000* 0·001 18 
(1 ·02 milli- 0·0001 0·000 32 0·0001 0·000 40 

meters) 0·0001 0·000 42 0·0001 0·000 52 
0·0001 0·000 25 0·0001 0·000 26 
0·0001 0·000 29 0·0002 0·002 75 
0·0001 0·00026 0·0002 0·000 30 

Limiting 
values to 

0·0029 0·0120 DEF. 5011 - -
& 5132 

• Improvement due to heat curing in perfectly seated component. 

an attractive production procedure. By its very nature the 

coating tends to be porous and does not therefore pro

vide a very efficient moisture barrier. 

The results in Table 7 show the degree of protection 

provided for several different resin thicknesses. Even the 

smallest thickness used (0·02 inch or 5 millimeters) pro

vides moisture protection for 4 days which was all that 

was required for this particular form of component. 

5. Future Trends 

The rapid growth in the use of plastics for component 

encapsulation is largely due to a combination of eco
nomic and technical factors. Plastics encapsulation is eco

nomically very attractive in comparison with hermetic 

sealing, and advances made during the last few years in 

encapsulation resins and processes have now extended 

the range of application into the field of high-quality com

ponents. 
It is envisaged that a major future trend will be to

wards cheaper encapsulation processes (including mate-
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rials) which can be adapted to automated high-volume 

production. Dipping type processes can probably be de

veloped to meet both these requirements in the case of 

low-cost components requiring minimal protection. For 

high quality components, having more stringent protec

tion requirements, press-molding techniques (transfer, in

jection, or dough molding) look very promising, and offer 

good prospects of meeting the cost/productivity condi

tions. There are still, however, certain outstanding prob

lems to be solved before these molding processes can be 

fully exploited. Casting techniques, using specially for

mulated liquid resin compositions, will probably still hold 

their own where maximum protection is needed or special 

conditions or requirements are encountered, and consid

erable progress is being made in adapting these techni
ques to high-volume production. In the field of encapsula

tion resins, an increasing demand is foreseen for more 

heat-stable materials which will withstand service temper

atures in the range 200 to 250 degrees Celsius. 
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Loudness Rating of Telephone Subscribers' Sets 
by Subjective and Objective Methods 

W. D. CRAGG 
Standard Telecommunication Laboratories, Harlow, England 

1. Introduction 

A preceding article [1] dealt with the corrections to be 
applied to OREM-A ratings of subsets whose response 
lies within the working range of OREM-A, 200 to 4000 Hz, 
so that NOSFER and OREM-A ratings could be seen to 
be substantially equal when differences of the zero refer
ence datum are taken into account. Now we will deal 
with two other aspects: the effect of bandwidth and alti
tude on loudness rating. 

2. Effect of Bandwidth on Loudness Rating 

When a subset has a significant part of its response 
outside the band 200 to 4000 Hz, the extra loudness con
tributions from those parts of its response below 200 Hz 
and above 4000 Hz are not included in the OREM-A rat
ing. To establish corrections for all subsets a method is 
needed for estimating the loudness contributions of those 
parts of the response which lie outside the measuring 
band of an objective-rating instrument. 

There is another aspect of the Reference Equivalent 
rating which must also be considered. The loudness rat
ing of a subset is a statement of its electroacoustic effi
ciency relative to a master reference system whose sen
sitivity is known, so that when an average voice-level is 
specified the electrical output of a subset can be calcu
lated. This information is needed when planning the na
tional telephone network so that a subscriber can have a 
satisfactory signal level and no part of the network is 
electrically overloaded. 

There is a CCITT recommendation, G 223, which gives 
limits for the maximum-allowable power levels at a "trans
mission reference" point, namely, where speech circuits 
are multiplexed and band-limited to within 300 to 3400 Hz. 
To make sure that these very important limits are not ex
ceeded the planner needs to know the power the subset 
will supply to the line within this band, and the loudness 
efficiency within the same band at the receiving end. 

Three bandwidths have now been mentioned, 100 to 
8000 Hz for NOSFER, 200 to 4000 Hz for OREM-A, and 

100 200 400 600 1000 2000 4000 
FREQUENCY (Hz) 

Figure 1 - Speech spectrum over a relatively long time period. 
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300 to 3400 Hz for multiplexed telephone circuits. It is evi
dent that it w.ould be useful to have a method for trans
lating the loudness rating for any one of these bands into 
a rating appropriate to any other band. 

Two methods of calculating loudness are described in 
ISO Recommendation R 532 and, if the frequency re
sponse of the subset is known, either of these methods 
can be used to estimate the loudness contribution from 
those fringe portions of the response that extend beyond 
the narrower band but are within the wider band. The 
basic loudness is measured either objectively or subjec
tively and the estimating method is used only to add or 
subtract a relatively small loudness correction. 

The methods A and B of ISO R 532 are based on the 
work of S. S. Stevens and E. Zwicker, and have been ap
plied to many forms of noise by Urbanek [2], who shows 
that a signal with a wide-band smooth spectrum is the 
type of noise that gives best agreement between the two 
methods. A telephone speech signal falls within the range 
of this definition and it is expected that either method, 
A or B, could be used with an agreement better than 
± 0·5 dB with each other and with a subjective assess
ment. 

In calculating the loudness difference between tw,o 
channels of different bandwidth the procedure when using 
Method A of ISO R 532 is as follows. 

a) The input to all systems is taken as the average of 
male and female speakers talking at a normal conversa
tional level. The speech spectrum is then that of Figure 1 
based on the many measured spectra given in [3 to 6]. 

b) An ideal response curve is assumed for a reference 
subset and a grid pattern of partial-loudness contribu
tions will be built up so that any change in loudness due 
to departures from the ideal can be quickly assessed. 
Since the high-frequency response of the subset contrib
utes very little to the total loudness, and since even 
quite wide differences in the electroacoustic efficiency 
above 1500 Hz have relatively little effect on loudness, an 
average response above 1500 Hz is assumed for all sub
sets, rising by 5 dB from 1500 to 3000 Hz and cutting-off 
at 3500 Hz. Below 1500 Hz the ideal is assumed to be flat 
down to 100 Hz. This is shown in Figure 2. 

c) The received-sound pressure level in a 6-cm3 ear 
volume is assumed to be the preferred listening-level of 
85 dBr*, which corresponds to a sound pressure level of 
about 75 dBr for the 1/roctave band of maximum loud
ness. 

d) Loudness of other lfroctave bands are then ob
tained from a curve which is the sum of the average 
speech-spectrum and an ideal subset response, (voice 
plus transducer in Figure 1) by equating the zero on the 
relative-dB scale of Figure 1 to 75 dBr. 

• Sound pressure level referred to the threshold of hearing, 0·0002 dyne/cm2. 
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e) Total-loudness calculations for the ideal subset then 
follow the routine of Method A in ISO R532. 

f) The loudness calculations are repeated for a series 
of response curves degraded from the ideal by taking 
various levels of sensitivity and various frequencies of 
band cutting. From these results, sectioned diagrams such 
as Figures 3(a) and 3(b) can be built up showing the 
loudness contributions of small areas of speech energy. 

g) The response curve of a subset under test is plotted 
on tracing paper and superimposed on Figure 3 (a) or 
Figure 3(b) adjusting the curves to equality at 500 Hz. 
The change of loudness due to a change of transmission 
bandwidth is obtained by totaling the elements of loud
ness lying below the response curve of the subset and 
between the relevant frequency ordinates. 

From these diagrams we can estimate the loudness in
crease to be expected when the measuring band is ex
tended below 200 Hz, giving a correction for OREM-A 
ratings; or, conversely, the loudness decrease to be ex
pected when band limiting at 300 Hz for use in correcting 
NOS FER Reference Equivalents to telephone band-limited 
conditions. 

Examples of maximum loudness corrections due to var-
iation of this bass cut are: 

1 ·5 dB when OREM-A band is extended down to 100-Hz 
bass cut, 
2·5 dB when OREM-A band is restricted to 300-Hz bass 
cut, 
4 dB to restrict NOS FER Reference Equivalent to 
300-Hz bass cut. 
When applying the band limitation of 300 to 3400 Hz to 

a subset with a response extending not only down to 
100 Hz but up to 6000 Hz, a maximum difference of 6 dB 
between the NOSFER and a band-limited rating is pos
sible. This is representative of the maximum departure of 
NOSFER from a practical rating for a 300- to 3400-Hz 
band-limited channel. 

3. SETED Calibrations Derived from SFERT and NOSFER 

SETED is a working standard in accordance with a rec
ommendation of the CCITT, [7]. 

The original SETED equipment was calibrated against 
SFERT in 1953 [7] and has remained in the CCITT labora
tory in Geneva since that date. In the past year its elec
troacoustic gain has been rechecked objectively and 
found to be in exact agreement with its original perform
ance. When remeasured subjectively against NOSFER in 
1966, some important differences were noted from the 
original SFERT calibrations as shown in Table 1. 

Table 1 

Reference Equivalent of SETED in dB 
(with band-pass filter in circuit) 

I 
-

Sending end* Receiving end* 

1953 1966 I 1953 1966 

3·2 0·1 1·1 2·8 
louder than louder than louder than louder than 

SFERT NOS FER SFERT NOS FER 

• CCITT Rapport Technique no. 340 (1966). 
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Figure 2 - Total loudness content of bass bands. 

For the calibration of a working standard many replica
tions are made and a 95-percent confidence limit for the 
limited population of the test team might be about 0·5 dB, 
in comparison to an external confidence limit of 0·8 to 
1·0 dB. 

When it is also noted that the differences between 
1953 and 1966 calibrations for sending and receiving ends 
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Figure 3 (a) - Loudness content in decibels in the frequency range 100 
to 200 hertz. 
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Figure 3 (bl - Loudness content in decibels in the frequency range 100 
to 300 hertz. 
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are in opposite senses, (a change of -3·1 dB for sending 
and + 1 ·7 dB for receiving), the allowance of 2X1 dB for 
confidence limits still leaves a shift of 2·8 dB (4·8 minus 
2 dB) unaccounted for. 

This evidence arouses some element of doubt about 
the exact equivalence of NOSFER and SFERT ratings. 

4. Effects of Altitude above Sea Level on Reference 
Equivalent 

4.1 Subjective Reference Equivalents 

NOSFER and SFERT are defined for electroacoustic 
air-to-air chains connecting a human speaker to a distant 
listener. When the atmospheric pressure changes due to 
altitude, the electroacoustic efficiency of each link in the 
chain will change. An altitude of 2000 meters (6600 feet) 
is chosen as an example because this gives an effect 
which cannot be ignored since it is an altitude at which 
many millions of the world's population live. The tele
phone receiver in any system will produce 2-dB reduced 
sound pressure in the ear at this altitude compared to the 
same receiver at sea level for the same electrical signal 
level. 

This is a simple derivation from the gas equation: 
p v = constant (for constant temperature) 
pbv + v!Jp = 0 

bv + ?..!_ = O. 
v p 

If p represents the ambient atmospheric pressure and 
v is the volume of the ear cavity, then a change of volume 
bv caused by the movement of the receiver diaphragm 
will result in a change of pressure /j p in the ear, and the 

ratio /j p will remain constant. 
p 

The sound produced by the human voice when using 
a constant muscular effort of the larynx will also suffer a 
similar reduction in pressure. The sound-pressure level of 
speech when speakers were subjected to ambient pres
sures corresponding to sea level and 10 000-meters 
(33 000-feet) altitude, w.as found to fall by about 10 dB, 
which is close to the expected change if the voice is as
sumed to be a simple mechano-acoustic machine [8]. If 
the muscular effort used in producing an airflow from the 
lungs and modulating it by the larynx is the same at sea 
level and 10 000 meters (33 000 feet) then the resulting 
sound pressure will be proportional to air density and be 
10-dB lower at the higher altitude. 

The level diagrams for the SFERT chain for altitudes of 
zero and 2000 meters (6600 feet) are as shown in Fig
ures 4(a) and 4(b). For a constant speech effort from the 
speaker the listener will receive a signal level in his ear 
4-dB lower at the higher altitude because the mouth pro
duces 2-dB lower sound-pressure and the air in the cavity 
of the ear is 2-dB less efficient as a coupler between re
ceiver and ear-drum. 

On the other hand, if a telephone set is compared to 
SFERT, with both the set and reference system at sea 
level and then at the higher altitude, the same Reference 
Equivalents will be obtained in both locations. This is be
cause both systems change their sensitivities by the same 
amount, and the relative difference is unchanged (see 

230 

a) SIGNAL LEVELS AT SEA LEVEL 

285 mV 

i 
94'6 dBr 

b) SIGNAL LEVELS AT 2000 METERS (6600 FEET) 

Figure 4 - Signal levels in SFERT chain. 

Appendix for more detailed treatment). Thus the concept 
of Reference Equivalents is not a reliable basis from 
which to deduce the absolute levels in a telephone net
work, unless some corrections are introduced to adjust 
for altitude. 

For the purpose of telephone network planning the im
portant characteristic of a subscriber's set is the electri
cal output produced by a standard speaking-level. It is 
customary to derive this information from the Reference 
Equivalent, as expressed in the formulas applied to send
and receive-ends: 

V = -t +Ct for send-end 
and V = - r + Cr for receive-end 

where V = mean line volume, or electrical power in dBmO 
t = transmitting Reference Equivalent in dB 
r = receiving Reference Equivalent in dB 
Ct and Cr are constants in dB. 

These equations arise from an analogy between a tele
phone connection as in Figure 5, with SFERT as in Fig
ure 4 (a). But the Reference Equivalents, t and r, can only 
be connected with an absolute power level, V, by tacitly 
assuming the same lip pressure in Figure 5 as in Fig
ure 4 (a). 

In this way, the mean speech-level and mean listening
level are uniquely connected to line signal-level, when 
effects of altitude are neglected. 

To make these simple relationship universally appli
cable, the constants Ct and Cr must be modified by an 
altitude factor giving 

V = - t + (Ct- Ca) 
and 

V = -r+ (Cr-Ca) 

where Ca is the factor obtained from Figure 6 for the alti
tude above sea level of the talker or listener. 

4.2 Objective Reference Equivalent Systems 

When objective-measuring equipments are operated at 
any altitude the same magnitudes of difference occur. For 
instance, if an OBDM system was calibrated at sea level 
and then raised to 2000 meters (6600 feet) without any 
circuit adjustment, the artificial mouth would produce 2-dB 
lower sound pressure and the meter would read + 2 dB 
for a test set with zero OBDM send rating. Also for re
ceive-end tests, the meter would read + 2 dB for a set 
with a zero receive rating. The OREM equipment will 
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show the same receive-end shift but its artificial mouth 
will react differently since the sound output is maintained 
constant by a servo loop. The reduced efficiency at the 
higher altitude will be counteracted by a rise in the elec
trical input. The consequently increased diaphragm excur
sion may be undesirable if it also increases the nonlinear 
distortion and this may be a limiting factor at low frequen
cies. 

The OREM and OBDM instruments could be made to 
give results at 2000 meters (6600 feet) bearing the cor
rect relationship to NOSFER (or SFERT) if the zero on 
the meter were made to correspond to 226 mV (or 285 mV 
reduced by 2 dB) and the sound pressure produced by 
the mouth were adjusted to 2 dB below the specified sea
level value. 

This modified form of calibration is also consistent 
with the principle of making these objective equipments 

100 dBr LIP PRESSURE _,. 285 mV .....,. 94·6 dBr IN EAR 

SFERT (or NOSFER) 

Figure 5 - Analogy of telephone circuit and SFERT. 

replicas of SFERT, which at 2000 meters (6600 feet) takes 
on the levels show,n in Figure 4(b). 

The steps in the modified calibration procedure are 
then, for the OREM equipment: 

- calibrate microphone as stated in handbook, using an 
indicated pressure correction for the pistonphone, 
which includes a change with altitude, 

- calibrate sound pressure level on face of the micro
phone in the SFERT-replica mounting, to be less than 
10·75 dyne/cm2 (94·6 dBr) by the amount shown in Fig
ure 6 for the altitude of the equipment. 

- move the zero of the Reference Equivalent meter to 
correspond to 285 mV reduced by the correction factor 
of Figure 6, and 

- the electrical signal injected in the line for receiving 
Reference Equivalent still remains 285 mV. 

With this modified calibration, ratings will be the same 
as those obtained on the same type of equipment at sea 
level and will correspond to subjective Reference Equiv
alents when the corrections discussed in the preceding 
article [1] are applied. When used as a basis for network 
planning the altitude corrections, Ca, as described above 
will have to be used. 

It should be noted that this modified method corrects 
for one acoustic transducer as in the sending or receiving 
end of a subscriber's set. It will be apparent from Fig
ure 4 that when both the transmitting and receiving trans
ducers are included, as in the overall or sidetone Refer
ence Equivalent, a second altitude correction must be 
applied. 
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3 
ALTITUDE (km) 

Figure 6 - Change in sound pressure level with altitude. 

5. Conclusion 

It has been shown how, a method of calculating the 
loudness of speech signals of different bandwidths can 
be used to convert the Reference Equivalent of an as
sessment system to the equivalent of any other system. 

There are two important applications of this technique, 
one to enable loudness ratings given by the objective 
system, OREM-A, to be brought into close agreement with 
a subjective assessment system such as NOSFER, and 
the second to derive from the ratings of either NOSFER 
or OREM-A a practical rating appropriate to a telephone 
system limited to the bandwidth 300 to 3400 Hz. The prac
tical rating can be as much as 6-dB quieter than the 
NOSFER rating. 

By using SETED as a stable link between SFERT (now 
no longer in use) and NOSFER, it has been possible to 
obtain a comparison betw.een the old SFERT ratings and 
the modern NOSFER ratings. There seems to be a prob
ability that sending-end and receiving-end ratings of 
SFERT and NOSFER differ in an opposite sense by 
amounts of the order of 2 ± 1 dB. 

It has been pointed out that at reduced atmospheric 
pressure the human voice and a telephone receiver cou
pled to an ear are both working at a reduced efficiency. 
This results in a telephone system at 2000 meters (6600 
feet) being 4-dB less efficient as a voice-to-ear transmis
sion system than the same system at sea level. 

Other results of the altitude effect are: 
- a change in the calibration procedures of objective rat

ing systems, such as OBDM and OREM, 
- a need to correct sea-level sensitivities of reference 

systems such as NOSFER and SFERT when setting up 
at altitudes higher than 500 meters (1650 feet), and 

- a need to add an altitude-correction factor when using 
Reference Equivalents as a basis for network planning. 

Appendix: Effect of Reduced Atmospheric Pressure on 
Electroacoustic Systems 

a) Transducers 

For a given driving force the amplitude of movement 
of the diaphragm is proportional to the reciprocal of the 
mechanical impedance loading the diaphragm, and for all 
existing types of transducer the major controlling ele
ments are either mechanical stiffness or acoustical resist
ance, both of which are unaffected by atmospheric pres
sure over the range from 0·02 to 50 atmospheres. 
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Electrostatic (capacitor) microphones are stiffness
controlled devices with the stiffness provided almost en
tirely by the mechanical properties of a stretched dia
phragm. Change of sensitivity should be less than 0·2 dB 
for a reduction of atmospheric pressure from 760 mm Hg 
to 300 mm Hg, or a change of altitude from sea level to 
7 kilometers (23100 feet). 

Electromagnetic transducers (rocking armature, ring 
armature, etc.) are basically mechanical-stiffness con
trolled, with some negative magnetic stiffness, again not 
affected by atmospheric pressure. 

Dynamic, or moving-coil, transducers are acoustic
resistance controlled. Acoustic resistance is proportional 
to air viscosity, which is independent of air pressure and 
density over the range 0·02 to 50 atmospheres. 

Carbon microphones are stiffness controlled by the 
mechanical stiffness of the diaphragm and the compres
sion of carbon granules. 

In general, the sensitivities of telephone transducers, 
as expressed by the relation between diaphragm move
ment and terminal voltage, are very little affected by the 
reduced atmospheric pressure up to 6-kilometers (19 800-
feet) altitude since the major controlling impedance is in
dependent of air pressure. The frequency response of 
some transducers is equalized at high frequencies by 
acoustical resonators, but since the mass and stiffness 
of acoustic elements change equally with pressure, the 
resonator frequency will remain constant; it is only the 
change in characteristic impedance of the resonator in 
relation to the mechanical controlling impedance that may 
reduce the magnitude of the equalizing effect. The re
sponse curve measured at a high altitude may be expect
ed to differ from that measured at sea level at the high
frequency end of the range. The effect on loudness of 
speech transmission is not likely to exceed 0·2 dB. 
b) Voice and ear 

The human voice can be regarded as a mechanical 
pneumatic machine in which an air flow is modulated by 
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the larynx vibrations. For constant muscular effort of lungs 
and larynx the sound output is approximately proportional 
to the air density (or atmospheric pressure). The sound 
pressure level of the voice then changes with altitude as 
shown in Figure 6 [8]. 

The sensitivity of the human ear is not affected by 
atmospheric pressure but the sound pressure produced 
in the volume of air enclosed between a telephone receiver 
and the head is reduced as the atmospheric pressure 
falls, by the amount shown in Figure 6. 
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Direct-Coupled Waveguide Filters with Post Doublets 

S. W. CONNING 
Standard Telephones and Cables Pty Limited, Sydney, Australia 

1. Introduction 

Waveguide band-pass filters usually consist of a chain 
of resonant cavities formed by pairs of shunt suscep
tances spaced approximately a half-wavelength apart in 
the guide. In the direct-coupled filter, each susceptance 
except the end ones is common to two adjacent cavities, 
and its magnitude determines the coupling between them, 
while in the quarter-wave coupled filter the resonators 
are separated by coupling sections which are approxi
mately one quarter (or three quarters) of a wavelength 
long. 

In the past, the quarter-wave coupled filter has been 
favored, as the susceptances are smaller, and so less 
critical, than those of the direct-coupled design. The sus
ceptances have been realized as inductive irises, single 
posts [1] or arrays of posts [2]; Craven and Lewin [3] 
have shown that an array of evenly spaced posts mini
mizes the higher-order mode interaction between adjacent 
resonators, thus permitting the use of quarter-wave cou
pling sections instead of the three-quarter-wave sections 
that had been previously necessary. 

Nevertheless, the direct-coupled filter is to be preferred 
on account of its smaller size, provided a satisfactory 
mechanical design is available. The use of symmetrical 
irises, the susceptance of which varies rapidly with the 
width of the aperture, implies very strict manufacturing 
tolerances, while single posts must have excessively large 
diameters to give the required susceptance values. Mul
tiple-post arrays have been found satisfactory, but the 
available theoretical [3], [4] and experimental [5] results 
for the susceptance of post doublets do not cover the range 
of values required for typical small-bandwidth designs, 
and so it has been necessary to use arrays of 4 or 5 posts, 
in which the post diameters are so small as to increase 
the filter loss significantly, and to lead to manufacturing 
difficulties. 

Accordingly, new expressions have been derived for 
the susceptance of post doublets that are sufficiently 
accurate over the whole range of post diameters needed 
for filters of bandwidths 0·2 percent or larger. Two alter
native formulas will be given, that show good mutual 
agreement, and which also agree with earlier results in the 
small-susceptance range. 

+ 
~o I • 2r • 

a d 

1-10 
Figure 1 - Waveguide post doublets. 
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Since equal spacing gives no advantage in a direct
coupled filter, a spacing between posts of about half the 
guide width has been adopted; this gives relatively large 
post diameters, for which the losses are little more than 
those of symmetrical thin irises. For optimum performance, 
fine adjustment of the coupling can be carried out by 
means of small screws, centrally positioned between each 
pair of posts; these can compensate for manufacturing 
variations, and their correct adjustment does not present 
any major difficulty provided a swept-frequency align
ment method is used. 

2. Susceptance of a Post Doublet 

For small diameters, the susceptance of a post doublet 
is best evaluated by the method of averaged boundary 
conditions, in which the waveguide electric field is ex
panded in an infinite series of orthogonal modes, and the 
resulting expression made to vanish at two or more 
positions round the periphery of each post. For arbitrary 
post spacing, the most accurate result of this type avail
able is that of Gruenberg [6]. whose expression for the 
reactance, with the notation of Figure 1, is 

A 1 ( ;n;c ) { ( ;n;r ) - X ~ = 1 + 4 cosec2 \a In .2; 

(;n;c) ( 2·8a )2 Loo +lncot - - --
a le rn2 

m=3, 5, .• ~ 

( ;n;r 1 ) ( 1 ·5) ( m;n;c) a +-;;;- 1 + m2 sin2 -a-

(- rn:nr) } exp --
a 

(1) 

where .1 and Au are the free-space and guide wavelengths. 
This result is reasonably accurate for r/a < 0·05, and can 
be improved by taking into account the series elements 
of the equivalent T-network [7], but it predicts an infinite 
susceptance for r/a near O· 1. 

The method to be described is a semi-empirical one, 
insofar as no detailed evaluation is made of the field con
figuration in the neighborhood of the posts. We first sup
pose the round posts replaced by equivalent square ones, 
the sides t of which are given by [8] 

<:: I:s~;:k"K(k)J } (2) 

where E and K are complete elliptic integrals of modu
lus k. The square posts are now assumed equivalent to 
the thick iris shown in Figure 2 (a), with opening 

w = d - 1 ·6944r; (3) 

this amounts to neglecting the coupling through the gaps 
between the posts and the side walls of the waveguide, 
which is evidently justified for large, well-separated posts, 
since the transverse field vanishes at the side walls, while 
the error incurred for small posts will be reduced by an 
artifice to be explained later. 
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----------------~ ·----------..-----
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d-2r 
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Figure 2 - Thick irises equivalent to a post doublet. 

The susceptance of a thin iris of opening w is given 
approximately by [9]: 

B/Yo = - (J.y/a) cot2 (nw/2a) (4) 
and the attenuation introduced by a shunt susceptance 
is [9] 
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L = 10 log10 [ 1 + (B/2 Y0) 2] decibel 

= ~ In [1 + (B/2Y0)2] neper (5a) 

~In! B/2Y0 ! n:oper 
I I 

(5b) 

which in our case becomes 
L 1 ""'In [(),uf2a) cot2 (nw/2a)]. (6) 

A thick iris introduces an additional attenuation [9] 

L 2 = (27·3t/w) [1- (2w/A.)2]'12 decibel 

= (nt/w) [1-(2w/A,)2]% neper 
~ nt/w neper (7) 

if w ~ A,, so that the total attenuation is 
L = (;it/w) + In Wuf2a) cot2 (nw/2a)] neper (8) 

and from (5a) this is equivalent to a shunt susceptance 

.!!_ = - 2 ( e2L - 1 ) y, 
Yo 

{( .A )2 (2nt) (nw) }y, 
= - 2 2: exp --;;;;- cot4 2;- _ 1 (9) 

where t and w are given by (2) and (3). We observe here 
that if Ag = 2a, a typical value, and if the center-to-center 
spacing d between the posts is 1/2 a, then the limiting case 
of zero post radius, the structure of Figure 2 (a) becomes 
a thin iris of opening % a, having from (4), a normalized 

susceptance 2. Equation (9), however, gives correctly 
B = O for this case, since approximation (5b) has been 
used to derive the attenuation L,. and the exact expres
sion (5a) for (9), whose accuracy is thereby improved for 
small post radii. 

Figure 3 compares, for d/a = 1/2 , (9) with Gruenberg's 
result; it will be seen that there is good agreement for 
0·02 < r/a 0·05, justifying our neglect of the coupling 
through the side gaps. Equation (9) is not valid for equally 
spaced posts (d/a = 1 /3), when the side gaps are respon
sible for about half the coupling. This case, and that of 

100 
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Figure 3 - Normalized susceptance of post doublets for !.!l = 2a and 

d = V2 a, (a) from Gruenberg's formula and (b) from (9). 
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arrays of more than two posts, could be dealt with by 

regarding them as a combination of three or more thick 

irises, summing their separate contributions to the cou
pling, and inserting an empirical factor to represent the 
interaction between them . 

A more accurate formula for large posts is obtainable 
by evaluating the attenuation of a thick iris with cylindri
cal opposing faces, as shown in Figure 2 (b) . Taking the 
z-axis along the guide with the origin in the symmetry 
plane of the obstacle, the width of the opening expressed 
as a function of z is d - 2 (r2-z2)1h and the attenuation is 

n/2 

f cosed e 
= 2n r 

. d-2r cos e 
0 

---- tan-1 --2nd (d+ 2r) Y2 

(d2 _ 4r2)Y2 d - 2r 

:n;2 

2 
(10) 

As in (8), it is necessary to include a term cot4 (nw/2a), 

where now w is chosen empirically to give the best fit to 
Gruenberg's result in its range of applicability. This leads 
to the formula 

i, ~ -2 { ( ~:)' exp [ ~d24~=r') Y' tan-l (~~ ~~r 
- ~ n' ] cot4 ( ~: )- 1 r (11) 

where w = d-1·3r. 

When d = % a, the difference between (11) and the sim
pler (9) is very small for values of r/a < 0· 15, as will be 

seen from Table 1. For larger values of r/a, which how
ever are unlikely to be required in filters, (11) should be 
used . 

Table 1 - Comparison of the two susceptance formulas 

r/a I - B/Y0 from (9) I - B/Y0 from (11) 

0·02 2·38 2·34 
0·04 4·61 4·52 
0·06 8·30 8·09 
0·08 15·36 14·96 
0·10 30·6 29·7 
0·12 68·1 66-5 
0·14 177-8 177·6 
0·16 584·7 

I 

621·3 
0·18 2723 3399 

The complete equivalent circuit of the post doublet is 
a shunt susceptance between two sections of trans
mission line . An expression for the lengths l of these line 

sections is [5J 
4nr2 sin2 (nc/a) 

l/a = - a2 (1-r2/4c2) (1 + 11 n 2r2/6a2) 
th is neglects interaction between posts but is in practice 
sufficiently accurate. The length of each resonator in a 

filter, measured between post centers, should exceed the 
value given by the usual design formula for filters with 

thin irises [1 OJ by the sum of the lengths l for the bound
ing post doublets. In practice a further increase of about 
0·015 inch will be made, and a screw provided for tuning 

each resonator. 
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3. Experimental Results and Conclusions 

Accurate measurement of large susceptances in wave

guide is a difficult and lengthy process [5J, so it was de

c ided to check the results of the preceding section by 
making a comp lete filter based on them . 

This was a five-resonator filter in waveguide 14 (1 ·372 X 
0·622 inches or 3·5 X 1 ·55 centimeters) with a design fre
quency of 6·05 GHz. A Chebyshev pass-band shape was 
aimed for, with a voltage standing wave ratio not exceed
ing 1 ·04 over a 27·5 MHz band, and hence with a 3-dB 
bandwidth of 40 MHz. The required susceptance values 
were calculated in the usual way [5, 1 OJ and are given 
in Table 2; the posts were made somewhat larger than 
the calculated sizes to allow for the effect of manufactur
ing errors in their diameters and positioning and to per
mit tuning the filter over a range of frequencies while 
maintaining a constant bandwidth . 

A post spacing of 1/2 a was chosen , and small screws 
were provided between each pair of posts to reduce the 
susceptances to the required values , as well as centrally 
positioned tuning screws in all cavities. The filter is shown 
in Figure 4. With 1/ 8 inch insertion, the trimming screws re
duced the susceptances by about 10 percent. 

Table 2 - Parameters for the waveguide filter 

k gk Bk, k+ 1fYo 2rk , k + 1 2rk, k + 1 
calculated actual 

0 0·0144 6-21 0·140 in 0·151 in 
1 0·5848 57·21 0·318 " 0·331 

" 
2 1·169 87·57 0·344 " 0·359 " 
3 1·369 87·57 0·344 " 0·359 " 
4 1·169 57·21 0·318 " 0·331 

" 
5 0·5848 6·21 0·140 " 0·151 " 
6 0·0144 

Alignment was carried out using a swept-frequency 
signal generator and a Smith chart impedance plotter; 
starting with all resonators detuned, the first four were 

tuned successively for 180° shift of the center frequency 
marker on the display, and the fifth resonator for best 
match with a low voltage-standing-wave-ratio termination 
on the end of the filter, this procedure be ing equivalent 

to the well-known quarter-wave shift-of-minimum techni
que using a slotted line . Final alignment was then accom
plished by suitably adjusting the coupling trimmers and 
readjusting the tuning to obtain the characteristic four
loop Chebyshev pattern shown in Figure 5. 

Results of subsequent point-by-point checks of the 
voltage standing wave ratio (by slotted line) and insertion 
loss, shown in Figures 6 and 7, are in good agreement 

Figure 4 - Five-resonator direct-coupl ed waveguide filter . 
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arrays of more than two posts, could be dealt with by 
regarding them as a combination of three or more thick 
irises, summing their separate contributions to the cou
pling, and inserting an empirical factor to represent the 
interaction between them. 

A more accurate formula for large posts is obtainable 
by evaluating the attenuation of a thick iris with cylindri
cal opposing faces, as shown in Figure 2 (b). Taking the 
z-axis along the guide with the origin in the symmetry 
plane of the obstacle, the width of the opening expressed 
as a function of z is d-2 (r2-z2)'1> and the attenuation is 

n/2 

= 2;n;r -r cos Ad 19 
. d- 2r cos e 
0 

2;n;d (d+2r)Y2 ;n;2 
(d2 -4r2)Y:i tan-l d-2r - 2· (10) 

As in (8), it is necessary to include a term cot4 (:nw/2a), 
where now w is chosen empirically to give the best fit to 
Gruenberg's result in its range of applicability. This leads 
to the formula 

B {(J.11 ) 2 r ~ 4:nd _1 
Yo = - 2 2; exp [ (d2 - 4r2)Y:i tan ( d+2r)Y2 

d-2r 

1 l ( :7:W) }y, - 2 ;n;2 cot4 ~ 2a - 1 (11) 

where w = d - 1 ·3r. 
When d = 112 a, the difference between (11) and the sim
pler (9) is very small for values of r/a < 0·15, as will be 

seen from Table 1. For larger values of r/a, which how
ever are unlikely to be required in filters, (11) should be 
used. 

Table 1 - Comparison of the two susceptance formulas 

r/a 
I 

- B/Y0 from (9) 
I 

-B/Y0 from (11) 

0·02 2·38 2·34 
0·04 4·61 4·52 
0·06 8·30 8·09 
0·08 15·36 14·96 
Q-10 30·6 29·7 
0·12 68·1 66·5 
0·14 177·8 177-6 
0·16 584·7 

I 

621·3 
Q-18 2723 3399 

The complete equivalent circuit of the post doublet is 
a shunt susceptance between two sections of trans
mission line. An expression for the lengths l of these line 
sections is [5] 

4;n;r2 sin2 (nc/a) 
l/a = - a2 (1-r2/4c2) (1 +11;n;2r2/6a2) 

this neglects interaction between posts but is in practice 
sufficiently accurate. The length of each resonator in a 

filter, measured between post centers, should exceed the 
value given by the usual design formula for filters with 
thin irises [1 OJ by the sum of the lengths l for the bound
ing post doublets. In practice a further increase of about 
0·015 inch will be made, and a screw provided for tuning 
each resonator. 
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3. Experimental Results and Conclusions 

Accurate measurement of large susceptances in wave
guide is a difficult and lengthy process [5], so it was de
cided to check the results of the preceding section by 
making a complete filter based on them. 

This was a five-resonator filter in waveguide 14 (1 ·372X 
0·622 inches or 3·5 X 1 ·55 centimeters) with a design fre
quency of 6·05 GHz. A Chebyshev pass-band shape was 
aimed for, with a voltage standing wave ratio not exceed
ing 1 ·04 over a 27·5 MHz band, and hence with a 3-dB 
bandwidth of 40 MHz. The required susceptance values 
were calculated in the usual way [5, 1 O] and are given 
in Table 2; the posts were made somewhat larger than 
the calculated sizes to allow for the effect of manufactur
ing errors in their diameters and positioning and to per
mit tuning the filter over a range of frequencies while 
maintaining a constant bandwidth. 

A post spacing of 112 a was chosen, and small screws 
were provided between each pair of posts to reduce the 
susceptances to the required values, as well as centrally 
positioned tuning screws in all cavities. The filter is shown 
in Figure 4. With 1/ 8 inch insertion, the trimming screws re
duced the susceptances by about 10 percent. 

Table 2 - Parameters for the waveguide filter 

k gk Bk,k+1fYo 2rk,k+l 2rk,k+l 
calculated actual 

0 0·0144 6-21 0·140 in 0·151 in 
1 0·5848 57·21 0·318" 0·331 " 
2 1-169 87·57 0·344" 0·359" 
3 1·369 87·57 0·344 .. 0·359" 
4 1-169 57·21 0·318 .. 0·331 

" 
5 0·5848 6·21 0·140 .. 0·151 " 
6 0·0144 

Alignment was carried out using a swept-frequency 
signal generator and a Smith chart impedance plotter; 
starting with all resonators detuned, the first four were 
tuned successively for 180° shift of the center frequency 
marker on the display, and the fifth resonator for best 
match with a low voltage-standing-wave-ratio termination 
on the end of the filter, this procedure being equivalent 
to the well-known quarter-wave shift-of-minimum techni
que using a slotted line. Final alignment was then accom
plished by suitably adjusting the coupling trimmers and 
readjusting the tuning to obtain the characteristic four
loop Chebyshev pattern shown in Figure 5. 

Results of subsequent point-by-point checks of the 
voltage standing wave ratio (by slotted line) and insertion 
loss, shown in Figures 6 and 7, are in good agreement 

Figure 4 - Five-resonator direct-coupled waveguide filter. 
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1 :10 Voltage standing wave ratio 

Figure 5 - Impedance plot for 5-resonator Chebyshev filter. 
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with the calculated performance. The insertion loss of the 
filter at the pass-band center was 0·8 dB; the theoretical 
unloaded Q (for silver) is 10000, which gives a theoretical 
loss of 0-45 dB, but since the loss of silver-plated wave
guide is typically 50 percent in excess of the theoretical 
value [11 ], loss due to the post doublets and tuning 
screws is probably only about 0·1 dB. 

An error in drilling the guide, which made the spacing 
between one pair of posts 0-014 inch (0·0355 centi
meter) greater than nominal, provided an opportunity to 
check the accuracy of (9) and (11). The filter was in fact 
aligned without a trimming screw for this post doublet. 
Since, from Figure 7, the filter bandwidth was 3 percent 
below the design value, the central susceptances were 
actually 90·2. Calculations based on (9) and (11 ), taking 
the meaoured value of the post spacing d, give respec
tively 92·8 and 93·0, so the error in the formulas is about 
3 percent in the susceptance, or only 0-0007 inch (0·0018 
centimeter) in the post radius. A check measurement of 
the end susceptances, with the inner resonators detuned 
and trimming screws removed, gave results within about 
2 percent of the calculated figures. 

The formulas that have been obtained for the suscep
tance of post doublets in waveguide thus provide an 
adequate basis for the design of direct-coupled filters 
using post doublets. Such filters have the advantages of 
being simpler and cheaper to construct than similar filters 
with the usual symmetrical inductive irises, and smaller 
than quarter-wave coupled filters. The good agreement 
between the two formulas, for post radii up to 0-16 a, in
dicates that they are suitable for calculating filters with 
bandwidths down to about 0-2 percent. 
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ITT-411 Intercommunication System 

E. WIGREN 
A. BOGESTAM 
Standard Radio and Telefon AB, Barkarby, Sweden 

1. Introduction 

Large-size loudspeaking intercommunication systems 
can play an important role by increas ing the efficient run 
ning of offices, hospitals , schools , factories and similar 
organizations. Initially, loudspeaking intercommunication 
meant only small and medium-sized installations designed 
for direct commun ication between a limited number of 
persons within a small department, or the like. Present 
PALX (Private Automatic Loudspeaking Exchange) sys
tems are very often highly sophisticated installations. In 
addition to being used throughout the whole organization , 
they feature a number of extra fac ilities , including signal 
ing , which can be integrated into the system. 

Among the main advantages of present PALX systems , 

the following might be mentioned. 

- Loudspeaking sets wh ich permit handsfree operation 
and, it is cla imed , considerably reduce the duration of 
conversations . 

The average length of conversation is 30 seconds as 
compared to approximately two minutes in an ordinary 

PAX. 
- Push-button operation which shortens calling time . One

button calling and direct reception of calls can be in
cluded. 

- The PALX also relieves the PABX from handling the 
majority of internal calls , thus leaving it free for out
side calls . The rapid introduction of direct toll dialing 

on an international basis and also the introduction of 
direct in-dial ing to subscribers within a PABX installa
tion stresses the importance of keeping the external 
telephone system free from internal calls . 

- A range of sets that incorporates a variety of special 
sets for use in various localities and for outdoor use, 
et cetera, permitting the user to reach all the areas 
within a complex. 

2. PALX System 

The ITT-411 PALX is a 4-wire crossbar system, with 
voice-operated amplifiers in the central exchange and 
microphone amplifiers in the sets . 

At present the system consists of 16-line and 32-line 

nonextensible exchanges and extensible exchanges for 
20 to 100 lines, for 100 to 600 lines and for 100 to more 
than 2000 lines. (See Figures 1, 2 and 3) . 

The extensible exchanges can be provided with a num
ber of extra features including the following : 

- Direct selection ; one-button call to any of ten selected 

extensions. 
- Camp-on-busy; for waiting on an occupied extension, 

and automatic connection when it becomes free. 
- Transfer; for re-routing of calls from one set to any 

other set within the installation . 
- Staff location ; with visual or wireless paging. Paged 

person can reply from any master set in the installation . 

Figure 1 - A 16-line wall-mounted exchange with one cord circuit. Executive priority for one extension is included as a standard feature . 
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Figure 2 - A 32-line wall-mounted exchange with two cord circuits. Direct 
selection to 10 extensions and executive priority for one extension are 

included as standard features. 

- Group hunting; hunting for the first idle extension in a 
group of optional extensions. 

- Group call via ordinary sets. 
- Executive/Secretary re-routing. 
- Conference facilities . 
- Loudspeaker arrangements for public-address opera-

tion . 
- Two-wire interworking between different exchanges via 

tie-lines. 

3. Choice of Sets 

The choice of sets includes three main types of master 
set ; loudspeaking, loudspeaking with handset, and non
loudspeaking sets. (Figures 4, 5 and 6.) A great variety of 
other sets is available, such as outdoor sets with sep
arate loudspeakers, sets for panel, wall, and table mount
ing, and so on. 

4. Signaling System 

The push-button codes for the digits are transmitted as 

direct-current pulses on a 4-wire basis. When the first 

button is pressed, the calling station is identified and re

ception of the numerical information takes place in the 
register. The button must be kept in the depressed posi

tion until a free register is announced by the dial tone. 
The remaining digits may then be pressed in rapid se

quence. By employing relays on release, an operating 
speed of up to 8 digits a second is possible. 
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4.1 Tone Signals 

Audible and visual signals warn of incoming calls and 
so the system offers full privacy. Incoming calls can be 
answered either by pressing the call/answer button or 
by lifting the handset, or when the direct-in button on the 
set is in the actuated position, without any manual opera
tion at all. The tone signals correspond to the signals 

used in ordinary telephone systems, except for transfer 
where the first ringing tone heard is a two-tone signal, in
dicating that the call has been re-routed. 

4.2 Lamp Signals 

A red pilot lamp is provided on each loudspeaking set 
to show when a speech connection has been established. 

It remains lit on participating sets as long as they are 
connected to other sets. 

When a set is camping-on-busy or has been put on 
transfer the lamp shows a flashing light. 

4.3 Keyboard 

The keyboard for loudspeaking and non-loudspeaking 
sets has been designed to comply with international rec
ommendations and standards for push-button-operated 

telephone sets. The twin contacts, provided for each indi
vidual function, assure reliable operation. All master sets 
are also equipped with special buttons for extra facilities, 
permitting their incorporation at any future time. 

Figure 3 - Cabinet-mounted exchange extensible from 20 to 100 extensions 
with up to six cord circuits and complete facility program. 
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5. Transmission System 

Figure 7 shows a block diagram of the transmission 
system. The transmission equ ipment contained in a loud
speaking set consists of a microphone, two loudspeakers 
and a th ree-stage microphone amplifier. The two loud
speakers are connected in parallel and the microphone 
capsule, of the electromagnetic type, is located equidiE
tant from the two loudspeakers. The microphone amplifier 
is fed from the cord circuit. Both the loudspeakers and 
the microphone ampl ifier are matched to a 600-ohm line 
impedance. 

Microphone sensitivity and loudspeaker volume can 
be adjusted to various room conditions and ambient noise 
levels by means of two three-position switches provided 
in all loudspeaking sets. The sets can be situated up to 
2 km (6 500 ft) from the exchange if connected with lines 
of not less than 0·5-millimeter (0·2-inch) diameter. 

The regulating and output amplifiers are located in the 
cord circuit of the exchange and are mounted on printed
circuit boards. The regulating amplifier has two identical 
channels and a vo ice-operated regulating circuit that con
trols speech direction . The output amplifier has a rating 
of 2 watts w ith 5 percent distortion . 

Activat ion of a speech channel is initiated w.hen the 
incoming signal reaches a level above normal room noise. 
At this level , the gain in the transmit direction is increased 
and at the same time the gain in the receive direction is 
reduced. Precautions have been taken to ensure that the 
decrease in ga in of the receive channel is always greater 
than the increase in gain of the transmit channel, that is, 
the total gain in the overall transmission circuit is always 
kept below unity. This eliminates the risk of feedback. 

A too-high noise level can make the use of the loud
speaker unsatisfactory. In this case, handset operation is 
recommended . However, in an occasionally noisy room, 
automatic voice-switching may be replaced by manual 
control using the call/answer button . 

Figures 8 and 9 show the transmitting and receiving 
characteristics of the system. The transmission system 
has a range of 300 to 3600 hertz and, as is seen from 
Figure 8, an increasing transmitter gain between 300 to 
1000 hertz is included to improve intelligibility. This fre
quency characteristic was chosen mainly to reduce the 
effect of room echo and background noise. 

6. Traffic Layout 

Figure 10 shows a traffic lay-out for a 20-100 line 
exchange. Identification of the calling extension is effect
ed in the line-and-cutoff unit and the general-marker unit. 
The general-marker unit hunts for an idle cord-circuit unit 
and connects this to the calling extension via the line 
finder. At the same time, the reg ister is connected to the 
cord-circuit unit. After registration of the digits and when 
the last d igit button has been released, immediate con
nection to the called extension is effected by the final 

selector. 
The finders are built up using crossbar switches with 

10 verticals and 5 horizontal bars . Each 4-wire extension 

line is connected to a bar position in the verticals. As is 

seen from Figure 11 , each vertical V1-V2 is divided into 
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two levels to which 20 extension lines are connected. A 

change-over contact VR1-VR2 in the inlet and outlet of 
the cord circuit selects the correct level fo r connection to 
the transmission ci rcuits . The ba r positions HJ - HO cor
respond to the unit digit in the extension number. 

The basic equ ipment can be extended by additional 
crossbar switches to provide an exchange with up to 
100 extens ions. 

Beyond 100 lines and up to 600 lines the crossbar 
switches are arranged in diffe rent switching stages, bu ilt 
up as link stages for the sake of economy. 

Exchanges above 600 lines are divided into two bas ic 
extension groups identical in traffic layout with the 600-
line exchange. Traffic between the two groups is arranged 
by interworking between group selector stages . 

Figure 4 - Loudspeaking set. The keyboard is equi pped wi th six special 
fac i I ity buttons. 

Figure 5 - Loudspeaking set wi th handset. Except for the hook switch 
arrangement, it is identical with the set in Figure 4. 

Figure 6 - Non-loudspeaking set equipped with one extra facility button . 
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7. Optional Facilities 

7.1 Direct Selection 

By the introduction of a direct selection unit (Figure 10) 
the digit buttons can also be used for single-digit calls. 
The grouping of the extensions is quite optional and direct 
selection may be made from any set to any one in a 
group of ten extensions. 

7.2 Paging 

A paging system, for example of the lamp-signal type, 
can easily be introduced by adding the staff-location unit 
and the cord-circuit marker unit to the exchange. All 
types of master set can both initiate and answer a pag
ing call. Identification of the calling and sought extension 
number is carried out in the cord-circuit marker unit. This 
information is then transferred to the staff-location unit. 
The registration causes the paging combination of the 
desired extension to be illuminated on the lamp panels. 
At the same time the connection between the calling and 
the called extension is released. During the paging proce
dure no cord circuit is engaged. 

By answering the paging, the number of the calling ex
tension will be sent over from the staff-location unit to 
the general-marker unit, which sets up a connection be
tween the two parties. As soon as the connection is es
tablished, the staff-location unit is released. 

The same basic principles are applied in wireless pag
ing which can also be included in the system. 

7.3 Transfer 

When the transfer facility is required, the transfer
marker, cord-circuit, and transfer units have to be incor
porated in the exchange. If an incoming call is to be 
temporarily routed to another extension, its number is 
called. After pressing the transfer button, identification of 
calling and called extension takes place in the cord-circuit 
and transfer-marker units. An idle transfer unit will also 
be selected and connected. The transfer unit then regis
ters both the calling and the called subscriber number 
and releases the connection. 
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Before a register sets up a call, a test in the transfer 
unit will be made to ascertain whether or not the called 
number has been transfer-registered. In the latter case, 
the register is disconnected and the re-routed number is 
set up from the transfer unit. 
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Figure 8 - Transmitting characteristic. 
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7.4 Camp-on-busy 

By the introduction of the camp-on-busy unit, a call to 
a busy extension can be placed in waiting position. When 
the busy extension becomes free, the calling set is auto
matically connected. Instead of camp-on-busy, an optional 

set may be equipped with executive priority, that is, the 
ability to break in on a busy connection after a special 
warning tone has been sent. 

8. Installation 

The extensible exchange equipment is housed in lock
able and dust-proof cabinets. All components are mount-
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HO 

VRl -

Figure 11 - Use of verticals in the crossbar switch unit. 
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ed on handy plug-in frames that are connected to the 
rack cable. When more than one cabinet is included in 
the exchange the cabinets are placed side by side against 
a wall, or back to back, which makes it possible to install 
an exchange of several hundred lines in a very small 
space. Main distribution jacks for the connection of ex
tension lines are mounted on the top of the cabinet. The 
operating direct current for switching units and amplifiers 

is derived from a separately mounted power supply unit. 
The arrangement of the cable network is similar to 

that used in ordinary private telephone installations. How
ever, each extension line consists of two twisted pairs, 
one for the transmit and one for the receive channel. 
Plastics insulated cables are used for preference. 

9. Applications 

The normal subset connected to the PABX does not 
provide the variety of facilities needed in a large and 
complex organization. Previously these extra facilities 
have been provided in part by small intercommunication 
systems between a few offices. The ITT-411 is the logical 
answer to this need since it reduces the demand on the 
PABX, provides a wide variety of facilities, and offers 
them to the complete organization. It will be useful within 
industrial, administrative, public health, and similar com
plexes. 

Arne Bogestam was born in Karlshamn, Sweden, in 1925. He 
received an electrical engineering degree in 1945. After ten years 
at the LME Company, where he was em.ployed in the laboratories 
on crossbar systems, he joined the Sinus Company, where he 
was in charge of the switching laboratory for loudspeaking private 
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communications systems. He joined SRT in 1961 as a member of 
the switching engineering staff, and in 1965 was transferred to 
the marketing group, where he now acts as product leader for 
intercommunication systems. 

Ebbe Wigren was born in Malmo, Sweden, in 1922. He grad
uated from Vasteras Technical College in 1945. 
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After positions as a construction and liaison engineer at the 
Swedish PTT, as a supervisor for marine telephone switching at 
the Swedish Naval Material Administration, and at Svenska Rela
fabriken, where he was responsible for the patent office, licencee 
sales, and general coordination, he joined SRT in 1960. Since 
1963, he has been the product line manager for switching and 
audio communications. 

Electrical Communication· Volume 43, Number 3 · 1968 



Vienna-Zollergasse HE-60 L Trial Telephone Exchange 

H. EBENBERGER 

Standa rd Telephon und Telegraphen, AG, V ienna 

1. Introduction 

The second quasi-electronic telephone switch ing instal
lation operating on the HE-60 L principle has been cut 
over in Vienna, Zollergasse (Figure 1 ). Its operation will 
be critica lly appraised from three aspects ; operation , the 
subscriber, and the manufacturer. 

1.1 Operating Organization 

The Austrian PTI demands the following cond itions 
from the Vienna-Zollergasse HE-60 L trial office : 
- full compatibility w ith the existing telephone network, 
- operation by available PTT staff upon appropriate 

training , 
- operational and maintenance requirements not to ex

ceed those of existing modern systems, and 
- failure rates below the present lowest average of 0· 14 

failure per 100 subscribers per month (Crossbar Sys
tem 48 HK) . 

1 .2 T e/ephone Subscriber 

The subscriber takes his service and convenience fea 
tures for granted . In Austria these include immediate 
ringing tone upon completion of selection on local calls , 
and rapid call establishment for toll calls. Consequently 
both toll and local traffic periodic-pulse call metering , 
and the variety of services which it makes possible , are 
accepted as normal. 

The HE-60 L provides the following additional features : 
- push-button or dial selection as desired, without mod

ifications in the central office, 
- abbreviated d ialing (Figure 2). 

1.3 Manufacturer 

The manufacturer is interested in observing the results 
of concentrated application of new components such as 
Herkon® dry-reed relays ; the effects of high traffic loads 
in a new and realistic environment; the reactions of an 

Figure 1 - Quasi -electronic trial office , V ienna-Zoll ergasse . 
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Figure 2 - Partial v iew of the quasi -electron ic trial office ; lower left, 
abbreviated-d ialing translator un its ; push-button set. 

Administration which is known to impose stringent re
quirements ; and the behavior of customers . 

2. Conditions 

The V ienna-Zollergasse trial office is one of a series 
of developments which have left the laboratory to make 
tests under practical field conditions . 

A report on the experiences in the public telephone 
network must include a comparison of the predicted or 
expected performance w ith the actual performance under 
normal field conditions over a certain period of time. To 
define the conditions , the system features of the HE-60 L 

trial office should be outlined and differences from the 
Stuttgart-Blumenstrasse installation pointed out [2 to 8] . 

2.1 System Features 

The Vienna-Zollergasse trial office has the following 
principal features similar to the Stuttgart-Blumenstrasse 
installation [1 , 9 to 11 ] . 
- Quasi -electronic register system and exclusive use of 

Herkon dry-reed relays and electronic components . 
- Space-division multi-stage link system using 4-contact 

crosspoints ; the individual stages are not associated 
with any particular digits of the directory number. 

- Path finding on the guide-w ire principle. 
- Subdivision of the system into groups, each group 

having its own speech and control network, semi-cen
tralized control functions , and duplicated markers. 

- Routing control in the local network (second choice 
and overflow routes) . 

® Registered Trademark 
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- Classification of subscriber lines and service condi
tions in a class-of-service translator. 

- Push-button or dial telephone sets, as desired by the 
subscriber. 

- Two-digit abbreviated dialing of directory numbers 
comprising up to 15 digits. 

- Integrated path testing during each call-establishing 
process. 

- Forming of PBX groups without need for consecutive 
numbering; in-dialing to PABX. 

- Recording of data from units involved in a disturbed 
connection. 

- Application of the ITT Standard Equipment Practice 
(ISEP); use of plug-in units and wire-wrapping techni
ques instead of soldered wiring. 

The trial office, Vienna-Zollergasse, has the following 
additional features which are different from the Stuttgart 
installation. 

-All units for internal traffic as well as for incoming and 
outgoing external traffic are combined into one com
mon group. 

- Simplified switching network to save crosspoints and 
allow easier adaptation to traffic requirements. 

- Provision of a call detector which identifies outgoing 
call requests and, for international calls, transmits the 
directory number of the calling subscriber to special 
outgoing trunk groups for charge printing. Subscriber
line identification may also be used for intercepting 
malicious calls or detecting unnecessary seizures of 
line circuits. 

- Modified path-finding method (offering signal from the 
call destination, accepting signal from the call origina
tion point). 

- Provision of a special PBX group marker. 

- Omission of the centralized stage markers and assign-
ment of their duties to the decentralized control cir
cuits of the switching grids and the central group 
marker. 

- Performance of D group functions (outgoing traffic) by 
the A groups. 

- Series-to-parallel, instead of parallel, information trans
fer in the marker, data, and testing networks. 

- Extensive testing and monitoring facilities. 
-Additional standardization of functional units, basic cir-

cuits, and components (for example, only two switch
ing-matrix types are used). 

- Exclusive use of printed-circuit plug-in units (except 
switching matrices). 

- Separate rectified mains supply units for each rack. 
This list of features should also include those service 

features which are readily available but, on request of 
the Austrian PTT Administration, have not been used in 
Vienna-Zollergasse [1 O] such as, 
- subscriber-controlled switching to special services, for 

example, absentee and answering service, 
- operator-controlled admittance to different classes of 

services, 
- remote-controlled restriction of long-distance traffic by 

the operator in the event of excessive traffic loads or 
cable failures, 
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- an electrical lock on a telephone set which bars out
going long-distance calls but allows outgoing local 
traffic and all incoming traffic to continue without 
restriction. 

2.2 Switching Environment 

The HE-60 L trial office is connected to the 10 000-line 
group 93 of the Vienna main junction centre 9. Since Zol
lergasse is in the immediate vicinity of Mariahilferstrasse, 
one of the business centers of Vienna, this choice of 
switching environment made it possible to field-test the 
installation under extreme traffic load conditions. Traffic 
measurements, carried out prior to the installation of the 
trial office, revealed a traffic volume seldom encountered 
in practice. Individual subscriber lines had 290 to 490 
call minutes of traffic within 12 hours (measured on three 
working days between 0800 and 1200 hours), which cor
responds to 0·4- to 0·7-erlang traffic per line. 

To have a sufficiently large traffic load available for 
the trial office on the date of its commissioning, connec
tion of subscriber lines to a 500-line group of the exist
ing crossbar installation Zo 93, which operates on the 
48 HK principles, was started very early. On 16 March, 
1966, it took only one minute to switch over to the 
HE-60 L trial office, 182 individual lines (13 of them with 
push-button stations), 39 PBX lines, and 81 party lines 
serving a total of 196 subscribers, without having to 
change any directory numbers. The standby equipment 
provided by the Austrian PTT was removed after four 
months so a changeover to conventional equipment was 
possible during this time, but the need did not arise. It 
should be mentioned that the manufacturing company 
had not requested standby or changeover facilities. 

Each party line serves up to 4 subscribers (outside 
Vienna up to 8), each of which can be selected by dial 
operation, full secrecy of conversation being maintained. 
This sharing is primarily an economic solution, but it im
poses on the HE-60 L installation additional requirements, 
for example, an additional digit must be processed to 
distinguish between party-line subscribers. On the other 
hand, in-dialing in Austria is a general requirement since 
PABX of all sizes are equipped with the corresponding 
facilities. 

On 1 November, 1967, a total of 182 individual lines 
(25 of them with push-button selection, and 15 of these 
with abbreviated dialing service), 57 PBX lines, and 91 party 
lines with 293 subscribers were connected to the trial 
office, which has a capacity of 500 lines. The traffic load, 
measured over a period of 4 weeks, is shown in Table 1. 

Even during busy hours, the 1-percent-loss limit is not 
exceeded. 

The interaction between the HE-60 L trial office and 
the existing telephone network will now be briefly out
lined. 

The existing dialing system 48 HK is of the decade 
type and, consequently, concentrates the incoming traffic 
of 1000 lines in the 3rd group-selector stage. The ultimate 
capacity of the trial installation being only 500 lines 
(800 subscribers), incoming traffic must be split into 
traffic to the quasi-electronic and traffic to the conven-

Electrical Communication · Volume 43, Number 3 · 1968 



HE-60 L Trial Exchange 

Table 1 - Traffic load over 4 weeks 

I 

Traffic load in erlangs 
Lines Period 

I I 
Outgoing Incoming Total 

Total traffic offered, 335 lines 24 hours, all days 6·0 9·5 15·5 

(182 individual lines, Monday to Friday, 0800 to 1800 hours 19·0 28·0 47·0 
63 PBX lines, 
90 party lines serving 252 subscribers) 

Busy hours 25·0 40·0 65·0 

24 hours, all days 0·018 0·028 0·046 

per line Monday to Friday, 0800 to 1800 hours 0·057 0·084 0·141 

Busy hours 

tional equipment. The last three digits of the dialed num
ber are, therefore, forwarded by the 3rd group selector 
via the C junctors of the HE-60 L office to the C register 
where they are stored; the directional (routing) marker is 
then able to determine which one of the two 500-line 
groups contains the desired party. 

Outgoing traffic to the conventional equipment of the 
junction center, to other local junction centers of the 
Vienna network, to special services, and to the long
distance center, Schillerplatz, is passed by the D junctors 
to the "1st/2nd group selector/long distance", as illus
trated in the Appendix. Traffic to the two adjacent junc
tion centers, Krugerstrasse (Kr 52), and Neutorgasse 
(Ne 63) is handled, for each of these directions, by five 
special D junctors which forward calls to the 3rd group 
selector of these junction centers. Kr 52 and Ne 63 oper
ate on the motor-selector principle. The relatively small 
groups of trunks carry very high traffic loads, the sub
stantial amount of "loss" being handled as overflow into 
the normal call processing path (1st or 2nd group selec
tor/long distance). In this manner, routing in the local 
network is efficiently realized. 

3. Performance Results of Trial Office 

The performance results of the first quasi-electronic 
trial office installed by ITT have been discussed else
where [13], [14]; they correspond, in all essential points, 
with those of the Vienna trial office. Hence, only the sig
nificant differences and any new features need be dis
cussed. 

3.1 Integration in Existing Switching Environment 

For the public service field trial, the Austrian PTT de
manded full compatibility of the quasi-electronic system 
with the existing telephone network. So far, not a single 
case of incompatibility has been recorded. Neither the 
sudden high traffic load on the date of commissioning, 
nor the irregular and extreme distribution of traffic have 
exceeded the capabilities of the trial office. The problem 
of adapting the installation to the special types of party 
lines and to in-dialing has also been solved satisfactorily. 

From the very beginning, the trial office met all re
quirements for the economic handling of traffic over 
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0·075 0·119 0·194 

second-choice routes comprising small and heavily load
ed trunk groups, and with respect to the efficiency of the 
C and D junctors, or the units performing their duties. 

3.2 Review of Important Features 

From the viewpoint of practical operation, the design 
approach in most cases has resulted in simplification and 
improvement of operation. Some of the features, however, 
should be investigated more critically under separate 
headings. 
- Routing in the local network proved to be a valuable 

tool for achieving economy and flexibility of operation. 
In the future, this feature should be provided for large 
and growing local networks. 

- Integrated path testing is a salient new feature of fu
ture telephone switching systems. The Vienna trial of
fice is part of a crossbar junction center and has to 
interwork with conventional equipment. As a result, 
shortcomings and irregularities detected in the con
ventional equipment and the fine network have also 
been recorded, so that there are relatively many "fault 
reports" which are only of interest for statistical anal
ysis. 

- Flexibility of the HE-60 L system was demonstrated by 
the fact that the in-dialing requirement, that is, selec
tion of PABX extension numbers of any length, and 
calling of party line subscribers, could easily be met. 

- Display of data from all the units involved in a dis
turbed connection on a fault display panel (Figure 3) 
proved to be a genuine step forward, especially since 
the display method has been further perfected and 
simplified. Fault detection and location procedures 
were of especial interest to the PTI. 

- Identification of the directory number of a calling line 
is also of interest outside Austria. The identified num
ber may, for example, be passed via special facilities 
to a ticket printer for automatic international-traffic 
charge accounting. 

- Modified path-finding process (guide-wire principle) 
extends only to those parts of the switching network 
used for the connection. This meant a reduction of 
crosspoints and offering-signal regenerators. 

- Series-to-parallel transfer of information in the marker, 
data, and testing network results not only in a reduced 

245 



HE-60 L Trial Exchange 

l 
I 

Figure 3 - Panel of memory for fau lt detection . 

number of information lines but also permits substan
tial reduction in the number of relays. 

- Testing and monitoring facilities, to detect and locate 
a variety of irregularities, have reached the costing 
limit tolerable for a trial office. Further expansion and 
improvement of these facilities may perhaps be justi
fied in a future quasi-electronic network environment. 
However, provision must be made to allow quick and 
simple evaluation of the test results by the operating 
staff. 

r-RZE - --- - - --- - - - - I 
LO - DC I Schi I L- ___ fil~LQ_ _____ ______ J 

r------------------1 
MJC 1 Dr SS 48 M I 

L-~~~-------------~ r - - - - - - "MJC" 2 -Af- 24- - - 48 48' M- - I 
I MJC 4 He 42, 43 48 M I 

JC 5 Dr 56 57 48 M I 
I II GS JC 6 Ta 65 ' 48 M 
L - - - - - - MJC-7 -Ra-72"'73- - 48... - - -~ 

2,4 to7 

r-----------------, 
I II GS MJC 3 Be 34 48 HK I 

L------~~~~~~--~~---J 
3 ' 8 

3.3 Maintenance and Operating Costs 

During the development of the HE-60 L switching sys
tem , efforts were made to insure that quasi-electronic in
stallations could be operated by the available qualified 

personnel. In the trial office, Zollergasse, the operating 
staff soon became fam iliar with the new technical envi
ronment. 

Considering that in ten years of continuing develop
ment the number of telephone subscribers w ill double, 
development engineers too often fail to pay sufficient 
attention to the need for further trained personnel for the 

operation and maintenance of installations . The high cost 
of qualified personnel and the difficulties in finding such 
personnel is one of the principal motivations for the ap
plication of electronics to telephone switch ing . 

The operating and maintenance cost of the trial office 
is below the level of even the crossbar system. One 
aspect of this is of interest. For installations such as the 
Zollergasse tria l office, where personnel are available 

around the clock to deal with customer requests (con
nection and disconnection of lines, transfers , testing of 
meters et cetera) or perform administrative work (inter
ception et cetera) , the reduction of maintenance require
ments below a certain level has not led to manpower 
savings because personnel do not become sufficiently 
familiar with the installation soon enough to be able to 
act quickly and correctly in the event of trouble . Th is 
problem, also observed in the Zollergasse trial office, 
should be taken into account in the future . 

In v iew of the fact that the centralized units of the 
trial office (control ci rcuits, registers , switching network, 

r-------, 
1III.GS JC 5 I 
I Kr 52 48M I 
L ________ J 

r--------1 
1mGs Jc 6 I 
I Ne 63 48M I 
L--------J 

---------

9397 . . 
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48 HK 

Figure 4 - System H E-60 L, 
Vienna-Zollergasse . Outgoing 
traffic (without internal traffic) . 
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Figure 5 - System HE-60 l, 
Vienna-Zollergasse. Incoming 
traffic (without internal traffic). 
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Legend for Figures 4 and 5 

A-SW Switching Stage A 
Af Afrikanergasse (main junction center) 
A-Rg A register 
A-J A junctor 
Be Berggasse (main junction center) 
B-A] Aux ii iary B junctor 
B-SW Borseplatz (long-distance center II, Vienna) 
Bo Switching Stage B 
B-] B junctor 
Ba Baumgarten (main junction center) 
C-SW Switching Stage C 
C-Rg C register 
C-] C junctor 
CF Charge facility 
CD Call detector 
D-SW Switching stage D 
Dr Dreihufeisengasse (junction center) 
D-Rg D register 
D-] D junctor 
D-_T (t) D junctor (tape recorder or subscriber) 
DC Directional grid 
E-SW Switching stage E 
F-SW Switching stage F 
Fii FOnfhaus (local center) 
FC Final grid 
FS Final selector 
C-SW Switching stage G 
CFS Group final selector 
GS Group selector 
CS-LD Group selector/long distance 
GS-SLD Group selector of secondary long-distance center 
GS-TT Group selector for terminating toll calls 
H-SW Switching Stage JI 
He Hebragasse (main junction center) 

etc.) are dimensioned for an essentially larger number of 
subscriber lines and that the number of subscribers con
nected to the HE-60 L installation is relatively small, the 
recorded failures do not allow final conclusions. The fail
ure rate of the Zollergasse installation closely agrees 
with the failure rates observed over an extended period 
of time in the Stuttgart-Blumenstrasse installation [13). 
Extrapolated for 2000 lines, the mean failure rate is 0·13 
failure per 100 lines per month (as in Stuttgart). 
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IL 
If 
JC 
Kr 
LD-DC 
LC 
Me 
MG 
MJC 
]\' e 
Pf,-4 

Pl-F 
Pl-A 
PBX-HGL 
Ra 
RFG 
RZE 
Schi 
SS 
SL-GS 
TP 
TCF 
Tj 
Ta 
Tp 
Zo 

Individual line 
Interceptor junctor 
Junction center 
Krugerstrasse (junction center) 
Long-distance dialing center 
Line circuit 
Meidl ing (main junction center) 
Mixing grid 
Main junction center 
Neutorgasse (junction center) 
4-party I ine 
Party line facility 
Party line adaptation 
PBX - hunting group line 
Rasumofskygasse (main junction center) 
Register finder grid 
Routing and zoning equipment 
Schillerplatz (long-distance center I, Vienna) 
Special services 
Service-line group selector 
Test position 
Test connection equipment 
Test junctor 
Taubstummengasse (junction center) 
Ticket printer 
Zollergasse (main junction center) 

System Designations 

48 Dial System 48 (two-motion selector) 
48 M Dial System 48 M (motor selector) 
48 l!K Dial System 48 HK (hundreds crossbar switch) 
HE-60 L Dial System l-lE-60 L (Herkon-electronic system with guide-wire 

path finding) 

Numbers inside boxes on figures denote the number of units. Other numbers 
alongside boxes and lines denote directory-number allocation or direction. 

Considering the fact that all disturbances are posi
tively detected during the call-establishing process, and 
that the installation handles a very high traffic load, this 
low failure rate is very impressive. 

3.4 Extra Facilities 

A telephone customer given the opportunity to test 
push-button selection will soon recognize the advan-
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tages. Since the beginning of automatic telephony about 
half-a-century ago this is the first advance almost ex
clusively for the benefit of the telephone user. The re
proachful - though expected - question, "why wasn't 
the dial set replaced earlier?", is a clear indication of the 
acceptance of push-button selection. Telephone cus
tomers provided with push-button selection sets - even 
if only for a short time - do not want to lose this fea
ture. People who in the beginning were very skeptical 
about push-button dialing, very soon became convinced 
advocates. This explains its unusually rapid progress in 
the United States. At the end of 1967, there were more 
than 2·5 million push-button sets in use in the USA, 
1·7 million of them installed in that year. 

Abbreviated dialing, which for call-charging reasons 

could be provided only for certain subscriber lines, will 
surely also become a standard feature in future tele
phone switching systems. 

4. Conclusions 

In the continuous world-wide striving for economic and 
up-to-date telephone switching solutions, the Vienna
Zollergasse trial office, represents a significant step for
ward. By deciding to carry out this public service field 
test, the Austrian PTT has made an important contribu
tion to international telephone technology. All require
ments have been met by application of the quasi-elec
tronic principle, for example, path finding by the guide
wire method, use of a register system associated with 
routing translators, and subdivision into groups with semi
centralized control functions and duplicated central units. 
The HE-60 L system permits easy realization of all the 
service features offered by modern switching installations, 
such as push-button selection, abbreviated dialing, sub
scriber- and operator-controlled switching to special serv
ices, routing in the local network, and subscriber identifi
cation. 

Telephone switching technology nowadays faces a 
multitude of problems; some of them may have been an
swered by the Zollergasse trial office. 

Appendix 

Within the Vienna local telephone switching network, 
the quasi-electronic trial office at Zollergasse is part of 
the 9th 1000-line group of the main junction center Zo 93. 
Some of the traffic interrelations with the existing plant 
are, therefore, noteworthy. Disregarding a few installa
tions of the so-called "Vienna System" (developed by 
G. H. Dietl) which are being replaced these days, the 
switching installations are designed on the Austrian Dial 
System 48 which has been applied in three versions since 
1949. The three versions are distinguished primarily by 
the component they use for through-switching: 
- Dial System 48 Quadrangle selector (two-motion 

selector 27) 
- Dial System 48 M Al bis or WSW-type motor selec

tor of the Wiener Schwachstrom
werke (Siemens) 

- Dial System 48 HK: Crossbar switch KS 55 f of ITT. 
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The other components as well as internal signaling 
system 48 HK and service features are identical in the 
three versions [15]. 

The integration of the quasi-electronic trial installation 
into the existing telephone switching environment is illus
trated by Figures 4 and 5. 

Figure 4 shows the flow of traffic originated by the in
dividual lines, PBX hunting group lines with and without 
push-button selection facility, and the four-party lines. 
The calls proceed from the HE-60 L equipment via the D 
junctors to the 1st/2nd group selector/long-distance relay 
sets or via the D junctors to the final-selector stage in 
the remaining part of the 1000-line group. These D junc
tors are accessible via the 1st directional grid, while a 
second directional grid offers access via other D junctors 
to the previously mentioned small trunk groups leading 
to the relay sets of the 3rd group selector in the local 
junction centers Ne 63 and Kr 52. 

lntermeshing of the junction centers and access to the 
long-distance network (handling predominantly automatic 
and, to a minor extent, manual traffic) as well as to 
special services is apparent from the various outlet direc
tions of the crossbar main exchange 9; similarly, the ac
cess from the 2nd group selector to its own local centers 
Ba 94 and Fa 92. 

As shown in Figure 5, traffic arriving from the long
distance center via the 2nd long-distance group selector 
or from the main junction centers via the 1st or 1st/2nd 
group selectors, or from the 1st/2nd group selectors/long
distance to the 9th 1000-line group is directed to the main 
junction center 9, Zollergasse, 2nd group selector, and 
arrives together with the orginating traffic via the 9th 
level of the 3rd group selector at the C junctors. Upon 
evaluation of the hundreds digit dialed by the calling 
subscriber, a decision is made as to whether the wanted 
connection must be set up in the HE-60 L system or in 
the "other" 500-line group of the crossbar exchange. In 
the latter case, the connection is switched through to the 
group line selector stage via D junctors following the 
1st directional grid. The access of test connection sets 
and the connection of special D junctors is also indicated 
in the figure. 
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Technical Aspects of Telephone Network Planning 

G. RAHMIG 
Standard Elektrik Lorenz AG, Stuttgart, W. Germany 

1. Introduction 

The technical aspects of network planning here dis
cussed include transmission-path characteristics between 
two subscribers in so far as they effect the transmission 
performance of a complete connection. This complete 
connection may include local, national, and international 
circuits. 

The CCITT recommendations so far available mainly 
concern Reference Equivalents applied to line-transmis
sion quality, carrier-frequency systems and radio links 
[3, 4]. With the increasing practice of subscriber dialing 
over long-distance lines it would be advantageous to 
have corresponding recommendations for all the equip
ment forming a complete connection. The reason for this 
is twofold. First, additional equipment is required for 
automatic switching, and second, the possibility of con
trolling the transmission quality of a circuit by an operator 
no longer exists. 

Study Group XI of the CCITT has been entrusted with 
the task of drafting a recommendation for the technical 
characteristics of international automatic switching points 
(Questions 4, 5, and 8 of Study Group XI 1964/1968). More
over, a Manual on National Telephone Networks for the 
Automatic Service has been prepared by the CCITT Spe
cial Autonomous Working Party 1 (GAS-1 ). This manual 
is intended to assist the rapidly developing countries, and 
Chapter V deals specifically with transmission problems 
of the type here considered. 

A corresponding manual on local networks is being 
prepared by CCITT Special Autonomous Working Party 2 
(GAS-2) and will be published after the CCITT Plenary 
Assembly in September 1968. (The first draft of the rele
vant Chapter V of this manual is available as documents 
GAS-2 45 and 57, 1964/68). 

Section 2 of the present paper discusses the various 
characteristics which influence the transmission perform
ance of telephone networks. Section 3 deals with the 
basic design problems of a transmission plan. 

The use of separate data channels for signaling be
tween switching centers is not taken into account here. 
If this were the case there would be a reduction in 
attenuation distortion and noise because some signaling 
equipment would be redundant. The introduction of pulse
code-modulation transmission and switching techniques 
would also alter many of the conditions discussed in the 
paper. 

2. Relevant Characteristics 

2.1 Attenuation and Attenuation Distortion 

The losses due to switching equipment are measured 
like those in other parts of a telephone connection as net 
insertion loss between terminations of 600 ohms. At 
transit switching points of repeatered long-distance sys
tems it is possible to keep these losses negligible. This 
may be achieved by adjustment of the attenuators used 
for regulating the system levels. The loss at the terminal 
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non-repeatered 2-wire switching point should be con
veniently small, say, around 0·1 neper or 0·87 decibel, or 
less. The effects of the end switching points on the over
all loss of a connection is, however, not so great as the 
cumulative effect produced by the transit switch·ing points, 
of which there could be 10 in a world-wide chain of 12 cir
cuits. 

More important is the attenuation distortion caused by 
the switching equipment. The CCITT recommends as an 
objective for a world-wide chain of 12 circuits that the 
distortion should not be greater than indicated by the 
stepped curve shown on page 28 of the CCITT Blue Book, 
volume 111. According to this recommendation the permis
sible distortion referred to the attenuation measured at 
800 hertz is, 
+ 1 ·0 neper (8· 7 decibels) for frequencies between 300 
and 3400 hertz, 
+ 0·5 neper (4·35 decibels) for frequencies between 400 
and 3000 hertz, 
and 
+ 0·25 neper (2·2 decibels) for frequencies between 600 
and 2400 hertz. 

Over the whole of the voice-frequency band a variation 
of -0·25 neper is admissible. 

The stepped curve has hitherto been applied only to 
long-distance transmission systems where, in the case of 
10 amplified circuits for instance, the value applicable to 
one channel modulator would be 1/20 of the values given 
above. When, however, automatic-switching equipments 
are introduced in such a chain of circuits and with it a 
further source of distortion, it is appropriate to reduce 
these figures. This subject is being studied by the CCITT 
study groups concerned and the result of the study will 
in due course be incorporated in the above-mentioned 
draft recommendation of Study Group XI. It appears that 
this group, which is entrusted with the study of problems 
concerning switching equipment for international circuits 
generally, considers that the distortion caused by a transit 
switching point should not be greater than + 0·5 decibel 
(0·06 neper) from 300 to 400 hertz, + 0·3 decibel (0·035 
neper) from 400 to 3400 hertz, and -0·2 decibel (0·023 neper) 
from 300 to 3400 hertz. 

2.2 Balance to Earth 

The balance to earth of switching equipment has an 
important bearing on the noise performance of a system 
and on the facilities a system offers for signaling. With 
the steady growth of networks of high-tension lines and 
electrification of railways, telephone cables are increas
ingly exposed to the effects of induction and earth cur
rents. The switching equipment is earthed for signaling 
purposes by an impedance which, with the capacitance 
to earth of the two conductors of a cable pair, constitutes 
a bridge circuit When this circuit is not balanced and 
a longitudinal voltage is induced on the cable conductors 
from outside, a difference voltage is produced across 
the cable conductors. 
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The degree of balance to earth of any piece of equip
ment is conventionally measured by applying a voltage 
between its earth terminal and the midpoint of a balanced 
600-ohm resistance connected in shunt across the equip
ment terminals. The voltage then measured across the 
equipment terminals gives, when related to the applied 
voltage, the unbalance factor of the equipment as a per
centage. The logarithm of the inverse value expresses the 
unbalance factor in nepers or decibels. 

An example may illustrate the effect of induction from 
a power installation on the noise performance of a tele
phone circuit. A six-phase rectifier operated at 50 hertz 
may induce on the cable conductors an electromotive 
force of 45 volts; the harmonic of 300 hertz may be 1 per
cent or 450 millivolts. With a favorable unbalance factor 
of 0·5 percent (5·3 nepers or 46 decibels) the voltage 
across the circuit would be 3 millivolts which corresponds 
to a psophometric electromotive force of 1 millivolt, the 
weighting factor at 300 hertz being around 3, or 1 ·1 nepers 
(9·6 decibels) [5]. 

Since the CCITT considers that 1 millivolt is the maxi
mum psophometric electromotive force that is permis
sible in the worst case of a world-wide connection (Recom
mendation G 123, [5]) and since Study Group XI suggests 
in their above-mentioned draft recommendation that the 
noise performance of an international transit-switching 
point should be less than 350 microvolts, it is evident 
how much the quality of transmission depends upon the 
balance to earth. 

2.3 Crosstalk 

Crosstalk arising within switching equipments is mainly 
due to capacitance unbalances between different circuits. 
It may be unintelligible or intelligible. 

When unintelligible it must be ascribed to switching 
operations in neighboring circuits. This noise must be 
added to the noise produced by other sources in order 
to evaluate the total noise performance of the system. 
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Figure 1 - Disturbance of speech by delay (according to H. Decker). 
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Figure 2 - Decrease in intelligibility with delay distortion (according to 
Luschen, Kupfmuller). The reduction of intelligibility at point .IT~ 0 is 

caused by measuring equipment. 

3 4 5 
REVERBERATION TIME T (SECONDS) 

Figure 3 - Decrease of intelligibility with reverberation time T 
(according to Rini). 

Intelligible crosstalk on the other hand arises from 
electro-magnetic couplings between two distinct speech 
circuits. The level which is permissible for this kind of 
crosstalk is determined by the condition of secrecy. Norm
ally a syllable intelligibility not exceeding 3 percent should 
be sufficient to meet this condition. This rate of syllable 
intelligibility corresponds to a sentence intelligibility of 
10 percent. In cases where the crosstalk attenuation 
exceeds 9 nepers or 78 decibels, this sentence intel
ligibility can generally be guaranteed. 

The figures stated depend to some extent on the fre
quency response and the noise performance of a circuit 
exposed to interference from power installations. Since 
noise reduces the intelligibility it has a beneficial effect 
upon the tolerable crosstalk level. 

In evaluating the crosstalk, account must be taken of 
the mean speech levels of both the inducing and the in
duced circuits. Unequal levels may improve the cross
talk level or make it worse. If worse, it may be necessary 
to accommodate the circuits in separate cables. Level 
differences occur mainly on subscribers' lines where they 
are due to the different sensitivities of the receiver and 
transmitter capsules. 
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The draft recommendation of Study Group XI includes 
a crosstalk requirement of 9·2 nepers or 78·5 decibels 
for international switching centers. However, in view of 
the haphazard character of crosstalk it is suggested that 
the requirement will be applicable only to 98 percent of 
the cases encountered. A diagram showing the suggested 
crosstalk margins applicable to subscribers' lines as a 
function of the sensitivities of the transmitter and receiver 
capsules will be found in the Manual for Local Networks. 

2.4 Matching 

The input impedance of telephone equipment should 
as far as possible be matched to the conventional refer
ence impedance of 600 ohms. Mismatches result in losses 
and interaction effects of multiple reflections (balance 
return loss). 
Mismatch loss is defined as the ratio between the ac
tually transmitted power and the possible optimum power. 
The difference becomes significant only in cases of rela
tively bad mismatches. For rough evaluation in cases 
where the mismatch involves a factor of 2, that is where 
the terminations are 1200 ohms or 300 ohms instead of 
600 ohms, the mismatch loss can be taken as 0·06 neper 
or 0·5 decibel. 

Whenever measurements are made on any part of the 
equipment it is essential that test-set terminations match 
this 600-ohm reference impedance. 

A much more pronounced effect is caused by reflec
tions. These may affect the stability of a repeatered 4-wire 
circuit and, moreover, degrade the transmission perform
ance by echoes. Section 3 of this paper will show how 
account is taken of these effects in the design of a trans
mission plan. Here we can mention the noncritical case 
of a 4-wire switching point placed between the terminals 
of matching amplifiers so that reflections to the line are 
reduced. In this case Study Group XI consider a reflec
tion loss with respect to mismatch loss of not less than 
2·3 nepers or 20 decibels to be satisfactory. 
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Figure 4 - Decrease of intelligibility with distortion factor k (according 
to K. Braun). The reduction of intelligibility at point k = 0 Is caused by 

measuring equipment. 
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2.5 Noise Performance 

2.5.1 Measurement 

Noise is mostly permanent and thus amenable to meas
urement by the CCITT psophometer. Briefly, this instru
ment is a millivoltmeter whose input has a filter network 
attenuating the incoming noise in accordance with the 
combined frequency response of the human ear and a 
typical telephone receiver. The time constant of the in
strument, around 200 milliseconds, simulates the time con
stant of the ear. The value measured is referred to as the 
weighted voltage. 

The psophometer, however, does not lend itself to the 
measurement of clicks of the kind produced by some of 
the noise sources listed above. In the absence of a suit
able instrument for objective measurements, an array of 
four click counters is being studied by the Study Group XI. 
The counters register all clicks of given duration which 
respectively exceed -10, - 20, - 30 and - 40 dBmO. The 
total number of clicks and their distribution indicates their 
interfering effect on a given circuit. The measurement 
has a special relevance to data transmission. 

2.5.2 Sources of Noise 

There is a variety of sources generating noise. Induc
tion from external power installations, unbalances to earth, 
and unintelligible crosstalk have already been mentioned. 
Other sources are 
- ripple on direct-current power supplies used for feed-

ing switching equipment, 
- contacts, 
- signaling processes, and 
- electron tubes (white noise). 

Induction from power installations occurs mainly on 
subscribers' lines. Generally, protective measures can be 
applied to both the inducing and the "induced" systems. 
On induced systems, for instance, the cable reduction 
factor may be increased to give better magnetic screening. 
Alternatively, isolating transformers may be inserted into 
the circuit, necessitating the adoption of alternating-current 
signaling methods. To decide on the measures to be taken 
in each particular case there is in Germany a permanent 
commission of experts drawn from the communication 
and power fields. The measures in each case are chosen 
to fit the particular local conditions. The Commission also 
apportions the costs of the protective measures amongst 
the various parties involved. 

Noise arising from unintelligible crosstalk may be 
reduced by physically separating the speech circuits from 
the signaling circuits. Use may also be made of methods 
of compensating capacitance unbalances in cables. This 
however is economically justified only on lines carrying 
heavy traffic. 

Ripple on the direct current used for feeding switching 
equipment may reach the cable conductors not only from 
the feeding bridge but by other paths. These paths should 
therefore present a high impedance to voice-frequency 
currents. The relays, or coils, which have hitherto been 
provided meet this requirement very well. If it is planned 
to replace these devices in the feeding bridges of quasi-
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Figure 5 - 4-wire switching of a long-distance connection. 

electronic installations by resistances it may be necessary 
to impose more stringent requirements on the ripple con
tent of the feeding current. Feeding bridges consisting of 
relays show a noise attenuation of about 2·3 nepers or 
20 decibels. To ensure therefore that the noise objective 
of 200 microvolts (usually produced on the conductors by 
the feeding bridge) is not exceeded, attention must be given 
to see that the weighted noise on the power-feeding cir
cuit does not exceed about 2 millivolts. This relationship 
should be checked where other kinds of feeding bridges 
are planned to be used. 

Contact noises are produced by the modulation of di
rect currents passing through contacts in voice-frequency 
circuits. The best known example of this kind of noise is 
the selector noise. Modulation takes place where a con
tact resistance fluctuates due to external influences as, 
for instance, mechanical vibrations. The currents modu
lated are either the feeding currents in subscriber circuits 
or so-called "wetting" currents. The latter may be several 
milliamperes. Their use is to prevent high contact resist
ance with consequent initiation of fading. Although they 
suppress fading they do not eliminate fluctuations of con
tact resistance altogether. With the future use of sealed 
contacts, fading as well as noise from contacts may be 
expected to be negligible. 

Apart from noise induced in a circuit by signaling cur
rents in other circuits, there is the noise due to signaling 
currents in the circuit itself. In modern systems the signal-

I 
I I 

ing equipment is often connected to the circuit by means of 
diodes with direct-current reverse potentials. The reverse 
direct-current resistance of these contacts must be high 
enough to prevent interference between the signaling and 
the speech circuits. 

It is usual for a circuit to simultaneously serve for both 
the transmission of speech and signaling currents; for 
instance, there may be metering pulses of 16 kilohertz, 
25 hertz, or direct current. With the increase in sub
scriber dialing a more rapid rate of impulsing must be ex
pected with a consequent increase in noise. 

With impulse intervals of more than 4 to 5 seconds, 
relatively high-level clicks may be tolerated. With intervals 
of only 0·5 second - as for instance for traffic between 
Europe and the USA - users may find these clicks 
disturbing. 

Investigations have indicated that the noise introduced 
by metering pulses should not exceed about 300 micro
volts. Consideration of this type of noise should, there
fore, be given at an early stage of the design of a trans
mission plan, even when initially the impulse interval can 
be assumed to be relatively long. Modifications required 
at a later date to compensate for shorter impulse inter
vals are likely to be costly. 

White noise from amplifiers rarely appears in switch
ing equipment. In the context of this article white noise is 
the sum of all noise from any source and cannot be 
ignored since the total permissible noise voltage must 
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Figure 6 - 2-wire switching of a long-distance connection. 
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not exceed a figure needed for good transmission quality. 
Because of a random distribution of frequency and phase, 
individual noise components should be added on a root
mean-square basis. 

2.6 Nonlinear Distortions and Propagation Time 

Each of these characteristics may have a considerable 
effect on transmission performance. Nonlinear distortions 
reduce the intelligibility and interfere with voice-frequency 
signaling. Propagation time and distortions of the prop
agation time may greatly inconvenience telephone users 
and lead to difficulties in the voice-frequency signaling. 
(Figures 1 through 4). The contribution made by switching 
equipments to these distortions is generally negligible 
compared with that from the transmission sections. In 
future electronic exchanges it could well be that we will 
no longer be able to disregard the effects of switching 
equipment in this respect. 

3. Designing of Transmission Plans 

3.1 Reference Equivalents 

The Reference Equivalent of a connection is a meas
ure of the loudness of the received signal and forms the 
basis of every overall transmission plan. It is defined as 
the ratio of the loudness of the signal received over the 
connection and the loudness received over a reference 
system; it is expressed in nepers or decibels. A positive 
value indicates that the loudness on the evaluated system 
is lower than that in the reference system, a negative 
value that it is higher. The reference system of the CCITI, 
known as NOSFER, is set up at Geneva. Different Refer
ence Equivalents apply to the sending- and receiving-end 
system. 

The Reference Equivalent of each part of a complete 
connection in a telephone network is fixed so that for 
the majority of the possible connections the overall 
Reference Equivalent is as far as possible the same. For 
the remaining possible connections the Reference Equiv
alent should not exceed an admissible maximum value. 
Best intelligibility is achieved with an overall Reference 
Equivalent of 0·7 to 1·5 nepers (6 to 13 decibels). This 
approximates to the case of two talkers facing each other 
across a table. Departure from this optimum to higher or 
lower values reduces the intelligibility. 

Reference Equivalents vary in practice with length and 
kind of circuit, switching equipments, network structure, 
and subscribers' sets. The ultimate design of any specific 
system is a compromise between the technically desirable 
and the economically achievable, the overriding condition 
being satisfactory loudness for all possible connections 
without the need for supervision by operators. In planning 
a national system, provision must also be made for con
nection to the international system. For this purpose the 
CCITT recommends that the Reference Equivalent of the 
sending-end system between the subscriber and the 
first international circuit should not exceed 2·4 nepers 
(20·8 decibels) and that the Reference Equivalent of the 
receiving-end system between the same two points should 
not exceed 1 ·4 nepers (12·2 decibels) [3]. 
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3.2 Stability 

In apportioning the admissible losses to the various 
parts of a telephone network it would be advantageous 
to assign zero loss to the longer repeatered circuits, 
then the whole of the permissible overall loss would be 
available for distribution amongst the extensions. Un
fortunately this ideal plan cannot be realized, a certain 
amount of net loss being needed in 4-wire repeatered 
circuits to ensure that the chain will not oscillate between 
the terminating sets, even under the worst conditions. 
The loss to be provided in each repeatered circuit 
depends upon the switching equipment (for 4-wire or 
2-wire transit connection) and on the operating con
ditions of the repeatered circuits (fluctuations in repeater 
gains, type of termination). Two cases arise which may 
be discussed. 

3.2.1 4-Wire Transit Connections 

Since all international lines are planned as repeatered 
4-wire circuits by a CCITT recommendation, it follows that 
national lines in a complete connection must always 
terminate in a 4-wire circuit (Figure 5). The stability of 
this circuit depends, apart from its net loss and fluc
tuations of repeater gains, on the transhybrid loss at the 
terminating sets. If, at the 2-wire inputs of the terminating 
sets, account has to be taken of the presence of 2-wire 
selectors it will be necessary to fix the circuit net loss 
so that the expected minimum of 0·8-neper (7-decibel) 
transhybrid loss across the terminating set, together with 
possible variations with time of the circuit net loss meet 
the stability requirement of the circuit. This gives the 
conditions, 

2 X 0·8-2 (s +Lis)> Lia, 

where s is the one-way amplification of the circuit, 
LI s is its variation with time, and 

L1 a is the safety-margin-against-oscillation factor. 

If, on the other hand, the 2-wire extension circuits are 
connected directly to the terminating sets, higher trans
hybrid losses au should be achievable by the insertion 
of individual balance networks adjusted according to the 
characteristics of the 2-wire circuit. In this case the 
expression changes to 

2 X au -2 (s +Lis);;> i!a, 

and the higher transhybrid loss will allow a higher ampli
fication. 

3.2.2 2-Wire Transit Connections 

In this case each repeatered 4-wire circuit in a chain 
of circuits must be considered individually from the 
point of view of singing and the circuit net loss deter
mined accordingly (Figure 6). To reduce the risk of interac
tion between amplified circuits, good balance networks 
are needed for their terminating sets when interconnected 
at 2-wire switching points. Reflection factors of less than 
2 percent, corresponding to a return loss of more than 
3·9 nepers (34 decibels) are generally required to ensure 
that the net losses of individual circuits are sufficiently 
small. The evaluation of the stability of each repeatered 
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circuit may then be carried out as indicated above for a 
single, amplified circuit at a 4-wire transit connection. 

4. Echoes 

Speech currents in telephone circuits may be reflected 
at points of irregularities such as switching points, ter
minating sets, and interconnections of unmatched cable 
circuits. The reflected currents appear as echoes to the 
talker and as reverberations to the listener. The effect 
on the users depends on the propagation time and the 
attenuation of the connection. The greater the interval 
between the arrival of the signal and its reverberation, 
or between the sending of the signal and the arrival of 
its echo, the greater the annoyance to the users, unless 
the reverberation or the echo has been attenuated so as 
to become imperceptible. In very extended networks the 
propagation time may require that the net loss of individual 
sections of the circuit be increased beyond the value 
necessary to achieve stability. Another way of reducing 
the effects of these phenomena is to introduce echo 
suppressors. These devices, activated by the signal 
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propagated in one direction of transmission, effectively 
bar or reduce transmission in the opposite direction. The 
use of suppressors, however, cannot be unlimited because 
they may interfere with the smooth exchange between 
talkers, and with some types of signaling. 
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Television Transmitters for 470 to 860 Megahertz 

H. HORNUNG 
G. MOLLER 
Standard Elektrik Lorenz AG, Berlin 

1. Introduction 

In 1952 work was resumed in the television field with 
the development and production of transmitters in Band Ill 

[1] (175 to 230 megahertz) and from 1960 onwards fo r 
Bands IV and V (470 to 790 megahertz) . 

These transmitters were designed [2] for vision output 
powers from 2 to 20 kilowatts (sound output powers from 
0·4 to 4 k i lowatts) and are tunable to every channel within 
the frequency band. Instead of final -stage modulation , 
used hitherto, the vision signal [3] is processed on a fixed 
intermediate frequency of 38·9 megahertz and converted 
to the transmitter output frequency by a mixer [4). 

To accord with the state-of-art at that time, the trans
mitters used thermionic tubes throughout. The output 
power amplifiers operated with air-cooled ceramic high
power tetrodes of 10 kilowatts [5] or water-cooled four
cavity klystrons of 10 kilowatts. In the switching equip
ment, electro-mechanical relays operated the contactors . 
These transmitters are still manufactured and supplied 
and are suitable for color transmission [6] . 

Modern telecommunications practice has, however, in
fluenced the development of high-power transmitters. 
Technical progress in the development of components 
and the demands of international markets have created 
a new set of characteristics which may be outlined as 
follows . 
- Very low maintenance requirements and increased 

operational reliability. 
- Remote control and remote monitoring of unmanned 

transmitters . 
- Reduced-space requirements because the increase in 

the number of programs requires several transmitters 
to be housed in a common building. 

- Improved electrical safety measures to IEC regul ations 
for protection of operating personnel. 

- Increase of the vision transmitter output power to 
40 kilowatts and above. 

- Extension of the t ransmission frequency range to 860 
megahertz. 

- The need to adapt to the various television standards. 
These demands can largely be met w ith present-day 

components. 

2. Characteristics of the New Transmitter Series 

To achieve these requirements the fo llowing techni 
ques were adopted in the development of the new trans
mitter series . 

In the low-power-level processing circuits of the driver 
stages the thermionic tubes are replaced by silicon semi
conductor components , such as diodes, transistors , and 
varactors [7] . 

Modern velocity-modulated tubes with high amplifica
tion factors (30 to 40 decibels), such as traveling-wave 
tubes and four-cavity klystrons , replace the medium and 
high-power tetrodes . 
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In switching , interlocking , and automatic equipment, 
open-contact relays have been replaced by switching-type 
semiconductor components , thyristors and reed relays for 
controlling the contactors (which at present cannot be re 
placed) . 

The IEC requ irements have also been complied w ith . 
Transmitter operating personnel are protected by me
chanical interlocks to prevent access to parts of the 
equipment which carry high voltages. 

The intermediate-frequency modulation principle, pre
viously used only in the vision transmitter, is also incor
porated in the process ing circuits of the sound trans
mitter. This has resulted in space-saving with vision and 
sound signal processing in a common , transistorized 

driver-stage un it. 
The design of the high-power v ision and sound stages 

is unified by the use of identical types of klystrons for 
the vision and sound output amplifiers , fed from a com
mon space-saving high-voltage source. 

The first and the two last-mentioned features have result
ed in a reduction of the frontal length of the transmitter. 

3. Description of the New Transmitters 

Multi-purpose sub-units and basic un its in standard 
racks become building-block modules from which it is 

Figure 1 - Design of the 10.'2-kilowatt television transmitter 

(from left to right) : 
v ision/sound dr iver stage, 
k lystron vision amplifier , 
combining unit , 

kl ystron sound amp I if ier , 
hig h-v oltage unit , and 
ca ble d istri bution rack . 

Figure 2 - The 40.'8-kilowatt te levi sion trans mitter (front row only -

from left to r ight) : 
v ision/sound dr iver stage , comb ining unit, and 
kl ystron v ision amp li f ier , klystron sound am plifier. 
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Figure 3 - Block diagram of the vision/sound driver stage. 

possible to assemble different types of transmitters. As 
an example, a brief description is given of two Band-IV 
and -V (470 to 860 megahertz) transmitters for 10- and 
40-kilowatt vision output, corresponding to 2- and 8-kilo
watt sound output (10/2-kilowatt and 40/8-kilowatt types). 

3.1 Design 

The transmitters consist of the following basic units. 
- Vision/sound driver stage. 
- Klystron vision amplifier. 
- Combining unit. 
- Klystron sound amplifier. 
- High-voltage unit (common for vision and 

sound klystrons). 
- Cable distribution rack (feed and distribution of the 

mains supply to the individual basic units). 
Figure 1 shows the design of the 10/2-kilowatt trans

mitter and Figure 2 gives a general view of the arrange
ment of the high-frequency part of the 40/8-kilowatt trans
mitter. 

3.1.1 10/2-kilowatt Transmitter 

The air-cooled 10-kilowatt klystron amplifiers (identi
cal for vision and sound) are fitted with four-cavity klys
trons Type YK 1001. The klystrons, designed for perma
nent-magnet focusing, are operated in the "depressed
collector" mode for improved electrical efficiency. 

The equipment, including the combining unit and the 
10-kilowatt power-supply, is designed for forced-air cool
ing. Pressure and ventilator fans are separate from the 
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transmitter. The entire frontal length of the complete 10/2-
kilowatt equipment is 4·1 meters (13·5 feet) with a rack 
height of 2· 15 meters (7 feet). The mains supply is de
signed for three-phase operation and the mains power 
consumption of the equipment is approximately 45 kVA. 

3.1.2 40/8-ki/owatt Transmitter 

The 40/8-kilowatt transmitter (see Figure 2) uses two
row installation because of the dimensions of the high
voltage equipment supplying the klystrons. The cable dis
tribution rack and the high-voltage supply are accommodat
ed behind the actual transmitter. Apart from these two 
units the general layout is similar to that of the 10/2-kilo
watt transmitter. 

Vapor-cooled 40-kilowatt klystron amplifiers (identical 
for vision and sound) and four-cavity klystrons (Type 
3017) are used. Focusing is by electro-magnetic means. 

Air, vapor, or water cooling is provided for the entire 
equipment; the vision and sound klystrons have a common 
cooling-water circuit. The power cavities of the klystron 
(third and fourth cavities) and the 40-kilowatt combining 
unit are air cooled. The cooling equipment (fan and heat 
exchanger for condensing the water vapor) is separate 
from the transmitter. 

The frontal length of the high-frequency part of the 
40/8-ki lowatt transmitter is 4·06 meters (13 feet), that of 
the high-voltage supply, including the cable distributor 
rack (back row), is 3-6 meters (11 ·8 feet). The power con
sumption of the entire equipment is approximately 
200 kVA. 
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4. Essential Components and Their Effect on Layout 

The basic components of the vision and sound driver 
stages and the combining unit have a decisive influence 
on the general layout of the equipment. They perm it a re
duction in the overall size, simplification of design and 
production , and an increase in the operational reliability. 

4.1 Vision/Sound Driver Stage 

The vision/sound driver stage is the heart of the new 
transmitter development. Vision and sound signals are 
processed on the intermediate-frequency principle corre
sponding to the specified television standard. After con
version to the output frequency, amplification increases 
the signal amplitude to the level necessary for driving the 
klystrons. 

The intermediate-frequency modulation principle uses 
semiconductors for both vision and sound equipment. 
This produces a small , versatile unit with a wide field of 
applications. 

The individual functional parts of the unit are housed 
in cassettes fitted to ISEP slide-in chassis carriers . These 
functional parts, shown in the simplified diagram Figure 3, 
are described below. 

Fi gure 4 - 40/8-k il owatt combining unit. 

258 

4.1.1 Vision Driver Stage 

The vis ion driver stage contains all the equ ipment re
quired for processing the v ideo signal , such as the ampli 
fier, group-delay correction unit, phase-and-amplitude
correction unit, modulators for frequency conversion , 
sideband limiters, and so on . 

Depending on the actual requirements , signal process
ing takes place partly at the video frequency, and partly 
at the intermediate-frequency level. 

The video signal to the transmitter input undergoes the 
following consecutive processes in the vision driver stage. 

In the video-amplifier cassette : 

- black level definition by clamping K of the back porch 
of the video signal without affecting the " burst " signal , 

- white limitation W to prevent excess ive picture-content 
levels for frequencies below 500 kilohertz (prevention 
of noise in the aud io channel) and also to indicate 
when signals drop below the threshold value , 

- adjustable correction L1 cp of the differential phase to 
compensate for phase changes which mainly occur in 
the klystron amplifier and are amplitude-dependent 
(correction of color transmission errors within the trans
mitter) , 

- switched group-delay distortion r VE to compensate fo r 
receiver group-delay distortion , and 

- automatic switching A s of the vision transm itter to the 
black level to determine the transmitter output power 
and to maintain sound transmission in the event of in
suffic ient video signal. 

The transmitter group-delay-distortion correction cas
sette provides : 

- group-delay distortion correction rvs for compensating 
any group-delay distortions originating in the trans
mitter. 

The vision intermediate-frequency-modulator cassette 
provides : 

- formation of the modulated intermediate frequency by 
a ring modulator via the intermediate frequency auxil
iary carrier ; the latter is provided by a high-stability 
quartz oscillator with electronic temperature control 
better than 1 part in 107 per month from 10 to 40 de
grees Celsius. 

The intermediate-frequency power amplifier provides : 

- standardized vestigial-sideband band limitation at in
termediate frequency using a passive vestigial-side
band filter, 

- group-delay distortion correction Tzs at intermediate 
frequency for the individual sidebands within the range 
of double-sideband transmission , and 

- amplitude compensation A vz at intermediate frequency 
to correct the non-linear amplification of subsequent 
output-frequency amplifiers, in particular the klystrons . 

4.1 .2 Sound Driver Stage 

The sound driver stage contains all the equipment fo r 
processing the audio signal , such as amplifiers, frequency 
modulator, frequency multiplier, amplitude limiter, and 
so on . 
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Processing the audio signal at the intermediate fre
quency has the advantage, similar to the processing of 
the video signal, that the units and adjustments in the 
sound chain (transition from audio to intermediate fre
quency) do not have to be adjusted when the transmitter 
output frequency is altered. 

The audio-frequency signal fed to the transmitter chain 
undergoes the following consecutive processes in the 
sound chain (Figure 3). 

In the sound modulator cassette: 
- amplification and matching of the symmetrical input 

signal to the subsequent asymmetrical circuit and pre
emphasis, 

- conversion of the audio signal into a frequency-mod
ulated signal by means of a voltage-controlled quartz 
oscillator VCXO at 11 ·13 megahertz (frequency sta
bility better than 1 part in 10s per month at tempera
tures between 10 and 40 degrees Celsius), 

- frequency tripling to the sound intermediate-frequency 
carrier of 33·4 megahertz, 

- amplitude limitation B. 
In the intermediate frequency cassette: 

- level adjustment of the frequency-modulated sound 
intermediate-frequency signal for controlling the final
stage sound mixer in the vision/sound mixer unit. 

4.1.3 Auxiliary Vision/Sound Carrier Unit 

In the auxiliary vision/sound carrier unit the auxiliary 
carrier undergoes frequency multiplication, starting from an 
overtone quartz crystal of 42 to 66 megahertz with electronic 
temperature control. With the aid of this auxiliary carrier, 
which is identical for the vision and sound chains, the final 
output frequencies of the vision and sound transmitters 
are formed via the vision or sound mixer (see Figure 3). 

To change the transmitter output frequency, only the 
unmodulated auxiliary carrier frequency has to be altered. 
This is done by changing the quartz crystal and retuning 
the first doubler and subsequent amplifier. The second 
doubler and power amplifier are continuously tunable 
over the auxiliary carrier frequency range, 500 to 900 
megahertz. The intermediate-frequency units and their 
associated functions that determine the form and quality 
of the signal remain unchanged. Thus we see the advan
tage of using the intermediate-frequency principle. 

A radio-frequency socket in the quartz-oscillator cas
sette between the quartz crystal and the amplifier is a 
feed in for an external frequency. When an external feed 
is used, the quartz oscillator is switched off. 

Processing of the auxiliary carrier takes place, as 
shown in Figure 3, in the following sequence. 

The quartz oscillator cassette provides: 
- generation of 42 to 66 megahertz with a frequency 

stability equal to 1 part in 107 per month from 10 to 40 
degrees Celsius, 

- quartz-crystal changing facilities for changing trans
mitter output frequency, 

- amplification of the generated oscillator voltage and if 
necessary feed in of an external frequency, 

- frequency doubling and provision for driving two sep
arate amplifiers, and 
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Figure 5 - Schematic of vision/sound combining unit. 

- retuning when changing the transmitter output fre
quency. 
The doubler cassette provides: 

- further frequency doubling for the two subsequent am
plifier chains, and 

- retuning facilities for changing the transmitter output 
frequency. 
The power amplifier provides: 

- amplification to a level of approximately 15 watts for 
separate modulation of the varactor multipliers in the 
vision/sound mixer unit, and 

- retuning facilities for changing the transmitter output 
frequency. 

4.1 .4 Vision/Sound Mixer Unit 

In the vision/sound mixer unit the vision- or sound
modulated intermediate frequencies of 38·9 or 33·4 mega
hertz respectively, create, by subtractive mixing in two 
identical push-pull varactor mixers with the auxiliary car
rier output frequency, the final vision or sound frequen
cies. A band-pass filter is provided at the output of each 
mixer to filter out the transmitter output frequencies. 

The vision and sound output frequencies are produced 
in the following cassettes of the mixer unit. 

For the vision chain: 
- varactor multiplier, 
- circulator, and 
- varactor mixer, vision. 

TO OUMMY 

ANTENNA 

FROM 

TRANSMITTER 1 

K2 

Kl 

TO TRANSMITTING 

ANTENNA 

FROM 

TRANSMITTER 2 

Figure 6 - Schematic of parallel transmitter operation. 
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And for the sound chain: 
-varactor multiplier, and 
- varactor mixer, sound. 

4.1.5 Traveling-Wave-Tube Amplifier 

A traveling-wave-tube amplifier is connected between 
the vision-mixer output and the vision-klystron input, and 
is an air-cooled permanent-magnet-focused tube (Type 
YH 1020). 

The tube and associated power supply are combined 
in one unit and can be withdrawn from the vision/sound
driver-stage rack. The power supply is covered by a me
chanical interlock. 

4.1.6 Mechanical Construction 

The individual assemblies are accommodated in slide
in chassis (ISEP design) which are arranged one below 
the other in a standard rack in the following order: 

- mixer unit comprising interchangeable 
- auxiliary carrier unit l 
- vision driver stage unit cassettes of solid-state design 
- sound driver stage unit 

- control panel for separate switching 
of vision and sound signals 

- traveling-wave-amplifier 
unit for amplifying the vision 

signal to the level required for 
driving the vision klystron 

All cassettes concerned with the processing of the sig
nals, including the low-voltage supply units (also in cas
sette form), are located in individual rows of the ISEP 
slide-in chassis. The alternating-current mains voltage is 
fed to these units as a 40-volt single-phase supply. The 
supply to the individual cassettes (alternating or direct 
current) takes place via ISEP knife-blade contact strips. 

4.2 Combining Unit 

Among the newly developed basic components the 
combining unit is of importance. A typical unit is shown in 
Figure 4. The purpose of the unit is to feed output power 
from the vision and sound transmitters to a common an
tenna whilst isolating the sound and vision transmitters 
from each other. This unit was designed for outputs of 
50/10-kilowatts, and a continuously tunable frequency 
range from 470 to 860 megahertz with automatic trimming 
correction. The resonators and coaxial power lines of the 
combining unit are forced-air cooled. 

4.2.1 Electrical Design and Operation 

The vision/sound combining unit comprises basically 
the following radio-frequency components (Figure 5): 
- two 3-decibel couplers K 1 and K 2 at the vision and 

sound inputs, 
- two stub lines S 1 and S 2, 
- two line stretchers A 1 and A 2, 
- two tunable waveguide resonators R 1 and R 2 com-

bined into one block, and 
- one resistive load W. 
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To achieve the shortest possible lengths of lines and 
the smallest possible size of equipment, the first four 
units are arranged closely around the resonator block 
whilst the load W is fitted at the rear of the frame rack. 

The sound transmitter energy, fed in at 1 on the 3-
decibel coupler K 1, is divided into two equal-energy 
paths which have their exits at 2 and 4 connected by line 
stretchers A 1 and A 2 to P 1 and P 2, respectively. At 
these points P 1 and P 2 there is virtual total reflection 
because the resonators RI and R2, tuned to the sound 
frequency, represent a short-circuit at that point. If the 
lengths of the line stretchers are correctly adjusted, the 
energy leaves at 3 on the 3-decibel coupler K 1 and pas
ses through the control board to the antenna. A small, 
unreflected proportion of the energy passes via the 3-de
cibel coupler K 2 into the load W. 

Likewise the vision-transmitter energy fed in at 1 of cou
pler K 2 is divided and flows virtually without losses (the 
resonators are detuned for the vision frequency) via the 
3-decibel coupler K 1 to the antenna. Any reflected en
ergy being absorbed in W. 
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Figure 7 - Amplitude characteristic of sideband frequencies 
of a 10-kilowatt transmitter. 
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The stub lines S 1 and S 2 are provided for matching 
the input of the coupler K 1. 

The resonators are short-circuited , rectangular wave

guides, coarse-tuned by manually shifting the walls B 1 
and B 2 with the aid of spindles . 

The fine tuning, or the automatic retuning of the re
sonators when their temperature rises , is accomplished 
by dielectric tuning . Rotating the rectangular ceramic 

plates D 1 and D 2 in the electric field affects the fre
quency of the resonators. The shafts of the plates are 

rotated by slow-running indexing motors controlled auto
matically by a discriminator circuit. 

The resonators are coupled to the coaxial lines at P 1 
and P 2 by a hole in the outer wall of the resonators 

through which the inner core of the coaxial line protrudes 
into the hollow space of the resonator. 

Due to the ir very high Q (approximately 20 000) , reac

tive powers of up to 106 volt-amperes can occur in the 
resonators during operation . 

The 40/8-kilowatt combining unit differs from the 10/2-
kilowatt design only in the cross section of the coax ial 
lines. 

5. Further Transmitter Types 

The versatility of design of the 10- and 40-kilowatt 
transm itters make it possible to assemble special types 

to meet other market requirements . 

If, at some point in the transmitter chain (at a non-criti
cal point in the intermediate-frequency chain of the v i
sion/sound driver stage) , the vision and sound channels 

are combined so that the subsequent stages operate as 
combined amplifiers, a combining unit will not be requ ired. 

5. 7 Miniature Transmitter , 70/2 or 50/ 70 watts 

In Figure 3 the vision intermediate frequency at the 

output of the vestigial-sideband filter is shown combined 
with the sound intermediate frequency in a special cas

sette known as the adding stage. In th is semiconductor 
stage the two channels are added and further amplified in 

the linear amplifier A vz- In the adjacent mixer both chan
nels are converted to the output frequency (2-channel 
operation) . 

The mixer and the subsequent traveling-wave-tube 
amplifier operate as a combined ampl ifier. With this sys
tem the number of cassettes in the vision/ sound driver 
stage can be reduced by the functional units shown shad
ed in the diagram. 

5.2 2/0·4-kilowatt Transmitter 

By adding a 10-kilowatt klystron amplifier and the ap

propriate power supply we obtain , from the modified uni t 

described in Section 5.1, a three-rack 2/0-4-kilowatt trans
mitter. 

5.3 Further Combinations Using Parallel Operation 

In contrast to previous operational practice there is 
now a trend towards operating complete transmitter 

chains in passive standby or, with the exception of the 
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driver stage, in parallel. In the latter case the driver stage 

operates as a passive standby. 

With this latter method, the transmitters, designed for 

the full rated power, are operated with half the output 

power by reducing the high voltage (a comparatively easy 
matter in the case of klystron amplifiers) . For example, 
the rated power of 10/2 kilowatts is obtained by adding 

the power of two transmitter chains having an output of 
5/ 1 kilowatts each operating in parallel. The high-voltage 
supplies can be switched over within a very short time 
from reduced power to full power, and vice versa, without 
affecting transmission . 

This method of operation offers the following advan
tages. 

- Avoidance of breaks caused by the switching off or 

switching back of amplifier stages. 

- Prolongation of the work ing life of the final stage 
amplifiers now working at half power. 

- Continuation of program even in the event of fa i lure 
of one transmitter chain . 

- Achievement of the full -rated output in the event of 
failure of one transmitter chain by switching to full 

high voltage on the functioning transmitter within the 

shortest possible time. The faulty transmitter chain can 
then be repaired in safety while the program continues 
on the other. 

In view of the fact that both transmitter chains permit 
full operation at the rated power, it is of course possible 

to obtain output powers of 20/4 kilowatts and 80/ 16 kilo

watts with this combination if required on special oc
casions . 

Figure 8 - Com posite vi deo with chrominance signal at the transmitter input. 

Figure 9 - Composite vi deo w ith ch rominance signal at the transmitter 
output. 
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The parallel connection method is accomplished by 
means of a network whose basic circuit is shown in 
Figure 6. This contains two 3-decibel couplers K 1 and K 2 
and one line stretcher A. 

Both transmitters work into the operating antenna on 
the adjustment of line A to position 2, or only one transmit
ter works into an operating antenna and the other into a 
dummy antenna for positions 1 or 3, respectively. 

If the transmitters radiate different powers, for exam
ple, due to different aging rates of the output amplifier 
tubes, the line stretcher can be adjusted so that all the 
available power is fed into the antenna. The line stretcher 
can be either manually or automatically operated. 

6. Transmission Properties 

The transmission characteristics of a television trans
mitter depend on the fulfilment of a large number of 
measurement and test requirements which are laid down 
in the transmitter specifications. 

Figure 7 shows the amplitude characteristic of the 
sideband frequencies (transmission characteristic) when 
the transmitter is fully modulated for white and black, 
measured at the output of the vision transmitter. 

Figures 8 and 9 show oscillographs of the composite 
video with chrominance signals at the transmitter input 
and transmitter output. The pictures were taken with a 
vectorscope. 

The hues of the individual colors are virtually un
changed in the course of transmission. Minute phase 
deviations of the color vectors with the color burst (zero 
phase) remain within the permissible tolerance range. 

7. Conclusion 

By using modern circuit techniques and components 
the design concept for television transmitters has been 
up-dated. A new range of equipment based on a "building 
block" concept provides a flexible range of equipment 
suitable for different power outputs, for both monochrome 
and color operation, and for differing international 
standards. 

The new range of transmitters will operate more 
reliably with reduced and safer maintenance procedures. 
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1. Introduction 

Modern telephone equipment demands filter circuits 
with precisely defined frequency bands to allow an in
creasing number of telephone channels without risk of 
overlap. For this reason the filter circuits must use 
inductances that can be precisely adjusted, show high 

stability in any likely environment, and are repeatable in 
quantity production. The magnetic materials used for 
these inductances must satisfy the same criteria. Research 
must, for a given initial permeability, have regard to these 
objectives: 

- high degree of manufacturing reproducibility for material 
characteristics, 

- improved determination and reduced dispersion of the 
coefficient of variation of permeability with temperature, 

- reduced variation of permeability with time, 
- smaller tangent of loss angle, and 
- reduced hysteresis loss. 

To keep up with developments in the telecommu
nications industry, existing materials must be improved 
and new ones created with the same reliability over 
wider temperature and frequency ranges. 

Evolution is towards smaller components. The heat 
created by smaller components in a compact assembly 
will mean a higher operating temperature. So as not to 
curtail the power handling capacity of telephone equip
ment the qualities of miniaturized components must im
prove. 

The electrical properties of ferrite materials used for 
this type of application are generally defined by five 
fundamental properties. 

- Initial permeability µi measured in a weak magnetic 
field at a predetermined frequency (usually 100 kHz). 

- Figure of merit µQ representing the electrical loss of 
the material. Q is the inverse of the tangent of the 
electric-loss angle br+e comprising the residual and 
eddy-current losses. 

- Coefficient of hysteresis losses hµ-2. 

- Temperature factor TF determined by the variation of 
permeability between two temperatures T1 and T2 

where 

Llµ 
TF = µ2L1T' 

- Disaccommodation factor DF determined by the var
iation of permeability with time t after demagnetization, 
where 

DF=-Ll_µ_ 
t2 • 

µ 2 log
t, 
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Whilst any improvement in electrical quality or stability 
is welcomed by the circuit designer, provided it is not 
accompanied by increased cost, it would be of particular 
value if the material properties could be improved to a 
degree whereby a given core may be substituted by the 
next smallest in a standard series, such as the IEC range, 
without loss of performance. The improvement needed 
for such a substitution is shown in Table 1. 

Table 1 - Material properties. 
--

Value of material property 

Material Standard IEC 18 mm IEC 14 mm 

property condition of pot core pot core 
measurement existing target 

material material 

µi nominal 23° C, 100 kHz, 2250 2250 
5 gauss 

/<iQmin. 23 °C, 100 kHz, 200000 515000 
5 gauss 

TF 1kHz,23° -55 °C, 1±0·5x10-6 x ±0·2 x 1 o-6· 
5 gauss 

DF max. 1 kHz, 23 °C, 4X 10-6 1·6X 10-6 

5 to 300 minutes 
hµ- 2 max. 23 °C, 

5 to 25 gauss, 1000 155 

I 100 kHz 

• x depends on the compensation requirements and the effective permeability 
of the gapped core. 

In order to attain this objective it is necessary to 
achieve better control of manufacturing parameters, and 
to know how variations in those parameters affect the 
properties of the final product. This is best done by 
a systematic method of optimizing a defined process, 
according to predetermined criteria of merit. 

The theme of this paper is to describe in detail the 
scientific approach to this problem and to report on the 
progress achieved towards this objective. 

2. Principal stages in the Manufacture of Manganese 
Zinc Ferrites 

The process shown in Figure 1 is similar to many pub
lished processes [1, 2, 3). Table 2 summarizes the princi
pal stages, their roles, the principal adjustable parameters 
and methods of analysis used to optimize the process 
stage. 

The relationships between the structural and electrical 
properties of ferrites have been studied by various au
thors [4, 5, 6, 7), in particular the variation of initial per
meability with temperature and composition [8). 
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The final compositions sought in the system 

Znx Mny Fe~~x-y Fe;: 504+c 

correspond to exact stoichiometry when c5 = c = 0. 

Typical compositions of ferrites with low-temperature 
factors suitable for use with mica or polystyrene capa
citors respectively are given below [9]. 

M '/ F 2+ F 3+ no-542 Lno-374 e 0.084 e 2 04 

Mno·549 Zno·395 Fe~.~56 Fe;+ 04 

(1) 

(2) 

These compositions yield initial permeabilities of 2000 
to over 4000 depending on the microstructure and degree 
of doping of the materials. The stoichiometric compositions 
possess very small disaccommodation factors since the 
latter are dependent on the concentration of cation vacan
cies. The microstructure and the porosity of the speci
mens have a considerable effect on the properties. The 
initial permeability increases with the crystal dimensions 
[6] and hysteresis losses increase when intra-granular 
porosity is present. 

The eddy-current losses depend not only on the mi
crostructure but also, and principally, on the content of 
ferrous iron. To increase the resistivity of the ferrites, ad
ditives are introduced during the preparation, the pur-

Table 2 - Principle stages in manufacturing process 

Process stage Method Adjustable parameter 

Starting materials Selection Purity reactivity 

Additives Selection Concentration 

Weighing - Composition 

Vibratory milling 
Duration, solid/liquid 

Mixing or fluid - ratio, et cetera 
energy milling 

Static or rotary Temperature, atmosphere, 
Calcination furnace and duration 

Milling Vibratory milling 
Duration, solid/liquid 
ratio, et cetera 

Solid content of slurry, 
Granulation Atomiser temperatures, air-flow, 

et cetera 

Continuous Temperature/ atmosphere 
Sintering or static furnace schedule 
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pose of which is either to insulate the crystals by diffu
sion to the grain boundaries during sintering (calcium), or 
to hinder electronic transitions between Fe2+ and Fe3+ in 
the system. 

Chemical homogeneity of the ferrite is of prime im
portance. It has been shown [10, 12] that during sintering 
a partial volatilization of the zinc leads to a marked dete
rioration of the magnetic and electrical properties in the 
surface region of the specimens. 

The physico-chemical objectives implied in optimizing 
the magnetic characteristics of commercial manganese 
zinc ferrites may be stated as: 
- homogeneous stoichiometric composition throughout 

the specimen with a precise ferrous-iron content, 
- crystal microstructure of uniform dimensions (of the 

order of 10 to 20 microns) with the lowest possible 
porosity localized at the grain boundaries. 

3. Study and Selection of the Starting Products 

3.1 Generalities 

The starting materials must be as pure as possible, 
taking account of economic requirements, the silica con
tent being particularly critical. Paulus [12] has shown that 

I Role or Objective Method of analysis 

Pure materials of suitable Granulometry, 

reactivity chemical analysis, 
x-ray diffraction 

To reduce electrical losses 
(for example, effect of Ca) As above 

To produce specific elec-
trical properties such as /ii, 
TF, DF 

To produce chemical Electron-probe 

homogeneity microanalysis, 
chemical analysis 

Partial formation of the 
ferrite, pre-densification X-ray diffraction, 
of the particles, Mossbauer spectrometry, 
homogeneity of the sintering rates 
composition 

To produce correct Specific surface by BET 
sintering activity method 

To produce granules of 
Optical 

uniform dimensions suitable 
for pressing 

microscopy 

Studies of sintering 
mechanism, electrical 

To produce desired 
measurements, dilatometry, 
magneto-chemistry, 

electrical and magnetic microstructure, electron-
properties, density, probe microanalysis, 
homogeneous composition x-ray fluorescence, 
and suitable microstructure neutron diffraction, 

diffusion studies and 
chemical analysis. 
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STARTING MATERIALS 
OXIDES OF Fe. Mn. Zn. 
CALCIUM CARBONATE 

WATER 

DE-WATERING 

CHEMICAL ANALYSIS 

CHEMICAL ANALYSIS 

CHEMICAL AND 
MICROSTRUCTURE 
ANALYSIS 

GRANULATION 

ELECTRICAL TESTING AND 
MECHANICAL INSPECTION 

BINDER 

Figure 1 - Flow diagram showing the principal stages in the manufacture 
of manganese-zinc ferrite. 

for silica contents greater than 0·04 percent the growth 
of the ferrite grains during sintering becomes discontin
uous, giving very high hysteresis and eddy-current losses. 
Similarly, the presence of alkali or alkaline earth metals 
decreases the permeability considerably. 

The shape of the particles, the granular distribution 
and the specific surface of the starting oxides, are no 
less important factors since they affect the milling, the 
reaction kinetics, and the homogeneity of the finished 
product. It is the totality of these factors which conditions 
the reactivity of a starting material. 

To our knowledge there exists no single quantitative 
method of measuring this "reactivity" which we have 
chosen as one of the essential optimizing criteria. To 
determine it one is obliged to have recourse to the com
bination of several methods: x-ray diffraction and Moss
bauer spectrometry, thermal dilatometry, et cetera. 

3.2 Mechanism of the Formation of Manganese Zinc 
Ferrite [14, 15] 

At low temperatures the formation of zinc ferrite is ob-
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Figure 2 - Arrhenius' relationship between temperature and formed ferrite. 

served. The initial temperature of formation of the spinel 
phase depends only on the oxide of iron chosen. It is 
650 degrees Celsius for an oxide of small reactivity, less 
for an oxide with a large specific surface. 

The diffraction spectrum of zinc oxide afterwards de
creases progressively and disappears at 800 degrees 
Celsius. It must be considered that at this temperature 
the synthesis of zinc ferrite is practically completed. By 
using an Arrhenius' representation (see Figure 2) it is 
deduced that the reaction is controlled by a bimolecular 
process at the grain boundaries (linearity of the curve 
log [x(1-xt1] as a function of y-1 up to 800 degrees Cel
sius). 

In parallel, the phase Mn30 4 disappears progressively 
from 420 to about 620 degrees Celsius with the appear
ance of Mn20 3• The specific intensity of Mn20 3, maximum 
at 750 degrees Celsius, then decreases to disappear to
wards 850 degrees Celsius, that is, well before the nor
mal reduction temperature of 920 degrees Celsius. This 
tends to prove that the oxide Mn20 3 enters into solid so
lution in the zinc ferrite formed initially. 

This hypothesis has been confirmed by the study of 
the Mossbauer spectra of the specimens during synthe
sis [15]. Whilst zinc ferrite is paramagnetic, the spinel 
existing below 800 degrees Celsius shows a super-para
magnetic line with a maximum intensity at 900 degrees 
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Figure 4 - Electron-microscope photographs showing manganese oxides, 
P, Q, and R (see Table 4) , and zinc oxide . 

<11111 Figure 3 - Electron-microscope photographs showing iron oxides, 
A, B, C, D and E (see Table 3) . 

266 Electrical Communication · Volume 43, Number 3 · 1968 



Table 3 - Principal characteristics of the oxides of iron used 

Characteristics 
,-

I A 
I --

Fc203 weight percentage 99·5 
Si02 weight percentage 0·011 
Na20 + K 20 weight percentage 0·019 

Particle shape spherical 

Mean size of the particles (microns) 0·3 

Specific surface m2 g·l 5·1 

Celsius due to the short-distance interaction between the 
iron and manganese ions. Also the quadripolar effect at 
the level of the iron ions is much higher than in zinc fer
rite. Between 850 and 1050 degrees Celsius the amount 
of ferrite present depends on the solubility of the manga
nese oxide in the zinc ferrite. Beyond 1050 degrees Cel
sius the reaction again evolves more rapidly and the 
Mossbauer spectra show the appearance of the ferrimag
netic phase. 

This method allows a quantitive definition of the reac
tivity index of the oxides to be derived. For oxides of iron 
it is the temperature at which the spinel phase first ap
pears and for manganese oxides the rates of dissolution 
in zinc ferrite at 1000 degrees Celsius may be used. 

By way of example, we will compare the results ob
tained with 5 iron oxides and 3 manganese oxides. The 
characteristics of these oxides are given in Tables 3 and 
4, and are complemented by photographs in Figures 3 
and 4 taken with the electron microscope. 

3.3 Selection of the Iron Oxides 

A comparison of graphs showing the percentage of 
ferrite formed in air as a function of sintering temper
ature is given in Figure 5. The graphs have been obtained 
for mixtures of identical initial composition and based on 
manganese oxide of type P. They all show the same 
general behavior, with a change of slope around 800 de
grees Celsius and confirm a posteriori the general char
acteristics previously described. Note the dispersion of 
the curves at low temperatures. The oxides B, C, E form 
ferrite below 650 degrees Celsius, but are not completely 
reacted at 1200 degrees Celsius. These oxides possess 
the largest specific surfaces and the smallest mean par
ticle dimension. Because of this their reactivity is very 
high at low temperatures, but decreases above 1100 de
grees Celsius since autosintering condenses them into 
particles less reactive than those found in oxides A and n_ 

The oxides which give the best results are those whose 
specific surface is of the order of 5 m2g-1. 

The essential difference between oxides A and D, 
of equivalent specific surface, resides in the shape of the 
particles. Oxide A, whose grains have a spherical shape, 
allows a better compacting than oxide D, whose grains 
are in the form of needles, and so the quantity of ferrite 
formed is always greater for oxide A. 
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Type of oxide 

B 1-c--T 
99·22 99·52 

I 0·005 0·03 
0·0025 

I 
complex rounded 

needles 

0·09 0·2X0·8 

26·8 8 
---
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-------------

---DI 
--- I 

99·2 I 
0·03 
0·05 

needles 

0·5X0·15 

3·3 

E 

99·2 
0·03 
0·05 

fine 
needles 

0·07X0·2 

6·1 

Table 4 - Principal characteristics of the manganese oxides used 

I Ch""'"'""" 
Type of Oxide I 

p 
I Q __ l ___ R_ 

I Mn 71 71 70·5 

I 
weight percentage 

1 Si02 0·03 0·005 0-025 
weight percentage 

Na20 +KP 0·004 0·025 0-05 
weight percentage 

Particle shape spherical spherical spherical 
parallel-
opipedal 

Mean dimension 0·06 agglomerates 0-03 to 3 
(microns) of particles 

of 0·05 

Specific surface 20 22 8 
m2g-1 

3.4 Selection of the Manganese Oxides 

Using iron oxide D, the behavior of the manganese 
oxides P, Q, R has been compared. The results are 
shown in Figure 6. Up to 800 degrees Celsius manganese 
oxide does not take part in the formation of ferrite. 
Oxide R, resulting from the calcining of a carbonate at 
high temperature possesses small reactivity and dissolves 
to only a small extent in the zinc ferrite. This is shown 
on the graph by the presence of a level stretch between 
800 and 1020 degrees Celsius and by a smaller percen
tage of mixed ferrite formed at 1200 degrees Celsius. 

Oxides P and Q have substantially the same specific 
surface, 20 m2g-1, but the second oxide is formed by ag
glomerates of particles limiting the breaking up of Mn20 3. 

A smaller intensity of spinel phase is observed up to 
975 degrees Celsius. At higher temperatures the reactivi
ties of the oxides are, however, sufficient to allow ferrite 
synthesis at 1200 degrees Celsius. 

3.5 Selection of the Zinc Oxides 

Most commercial products give similar chemical anal
yses and reactivities which do not need discussion here. 

3.6 Electrical Properties of the Ferrites Obtained Starting 
from Selected Oxides 

The selected oxides show a total impurity content 
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Figure 5 - Influence of iron oxide on the kinetics of formation for mixed 
manganese-zinc ferrites. 
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Figure 6 - Influence of manganese oxide on the kinetics of formation for 
mixed manganese-zinc ferrites. 

which is sufficiently low and a high-enough reactivity to 
obtain a homogeneous product during presintering and 
sintering. 

Typical results [9] obtained from selected materials 
are given in Table 5. 

All compositions have an addition of CaO and corre
spond to Equation (2). The measurements were carried 
out on toroids of 35-millimeters external diameter. 

Table 5 shows that by studying the physical and chem
ical properties of the starting materials good results can 
be obtained, and that it is possible to predict whether or 
not a new oxide will provide them. 

Table 5 - Results from selected starting materials 

---,~I µ; h106 tan Cl 6 
LIµ 106 

Criteria 23degrees -- --·10 µi2 • ~-t-2 

and Celsius, 
/li2 µi log--

5 to 25 ti 
Conditions 5 gauss, gauss, 5 gauss, 5 to 300 

100 kHz 100 kHz 100 kHz minutes 

Target values 2250 < 1200 <s <4 
nominal 

Mixture BP 2790 400 3·4 1-2 
Mixture AP 2890 500 4·2 1·6 
Mixture BQ 2780 490 4·8 1-1 
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4. Study of the Homogeneity of the Initial Mixtu.re 

To obtain good chemical homogeneity in the sintered 
ferrite, it is necessary to optimise the homogeneity of the 
mixtures from the initial stage of manufacture. To meas
ure homogeneity quantitatively it is first necessary to de
fine a precise criterion of homogeneity. To our knowledge 
this has not been done before. 

The local concentrations of elements (Mn, Zn, Fe ... ) 
have been determined using an electron-probe microanal
yser, the resolution of which corresponds substantially 
to one cubic micron. The approximately gaussian distribu
tion curves of the different elements making up the 
mixture can be determined, and the standard experimental 
deviations a of composition deduced by scanning the 
specimen with an electron beam. 

In addition, the standard deviation ao for a perfectly 
homogeneous specimen can be calculated theoretically, 
knowing that there exists only a limited number of par
ticles which can be analysed simultaneously by the micro
analyser. Table 6 gives the calculated values of a0 . 

Table 6 - Calculated values of a0 

Percentage Mean dimension 
Mixture Code metal in of the particles ao 

the mixture in microns 

Fe203 

I 
B I 47 I 0·09 

I 
1·22 

MnOx p 

I 
13 

I 
0·06 0·75 

ZnO I - 11 0·08 
I 1-40 

The efficiency of mixing, or criterion of homogeneity, 
is then defined by the ratio, a0/a, which varies between 0 
and 1, tending towards 1 as the mixture becomes perfectly 
homogeneous. Table 7 and Figure 7 compare the effi
ciencies of mixing of the principal elements, using on 
the one hand, a rotary ball mill, and on the other a 
vibratory ball mill. 

Table 7 - ~ as a function of the conditions of mixing 
a 

Mill Rotary Vibratory ball mill 
type ball mill 

~la~-duration 
4 

I 
2 

I 
4 I 6 8 I 12 (hours) 

Fe 0·166 0·268 0·660 0·83 0·920 0·976 
Mn 0·153 0·227 0·468 0·59 0·653 0·682 
Zn 0·445 0·538 0·918 0·93 0·849 0·667 

Mixtures obtained with a vibratory mill are more homo
geneous than those obtained with a ball mill for a given 
milling time. Figure 7 shows that the homogeneous dis
tribution of iron approaches the theoretical limit, whilst 
that of manganese improves more slowly. The distribution 
of zinc deteriorates after a duration of about 6 hours, the 
particles tending to reagglomerate. It is clear that the 
optimum duration of mixing is 6 hours in this case. The 
electrical properties resulting from an optimum mixture 
are improved, as shown in Table 8, which relates to a 
starting composition of 49·4 percent by weight Fe, 12·4 per
cent Mn, 10 percent Zn and a different vibratory mill for 
which the optimum mixing time was shown to be 4 hours. 
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Table 8 - Electrical properties for different mixing times 

Mixing time in hours 
I 

Electrical 
properties 1 I 2 I 4 I 8 I 

---
12 

µi 2335 2545 

I 
2852 2677 2850 

µQ.rn-3 
338 347 437 374 189 h 

~·106 

I 

324 

I 
260 177 

I 

665 1015 

I 
µ2 

DF 1-45 0·71 1 ·08 1'62 0·37 

It will be noted that the hysteresis and eddy-current 
losses are the most sensitive to the degree of homoge
neity reached. 

Elements added in small quantities like Ca, cannot 
have their distribution calculated according to the previ
ously described method. X-ray images taken at the micro
analyser have shown, however, that the distribution be
came uniform after about 8 hours of vibratory milling. 

5. Presintering 

This intermediate stage of manufacture aids granula
tion of the material and the automatic pressing of cores 
into complex shapes. It prevents excessive shrinkage and 
cracks in the course of the final sintering. Presintering 
should maximize the homogeneity of composition (a spine! 
phase instead of three oxide phases), and should finish 
before the grains have grown or hardened to an exag
gerated extent. The reaction mechanisms of the presinter
ing, whether carried out in air or nitrogen, are identical, 
as shown in Figure 2 by the parallelism between the two 
curves for the same activation energy. 

A difference of the order of 100 degrees Celsius is, 
however, seen between the two types of treatment for 
the sc:me percentage of spinel phase formed. To avoid 
the hardening and the growth of the grains, it is impor
tant that the percentage of ferrimagnetic phase should 
not have evolved too much at the expense of the inter
mediate phase in which the manganese ions are in the 
dissolved state. Here therefore is found the importance 
of the choice of atmosphere and of the oxides, MnO,,, in 
particular, the best results being obtained for mixtures 
giving, at about 1000 degrees Celsius in air, the highest 
content in superparamagnetic spine! phase (mixture iron A, 
manganese P. 

The presintered powder can be characterised by its 
density and its content in residual Fe20 3. It is then pos
sible to determine the conditions of presintering leading 
to equivalent powders. Table 9 summarizes the charac
teristics obtained for two types of mixture of the same 
composition. 

Table 9 - Characteristics for two types of mixture 

Mixture iron B, manganese P 

ZINC 

I'.: 
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Figure 7 - Homogeneity as a function of time. 

6. Sintering 

6.1 Generalities 

The search for optimum sintering conditions is com
plex because of the large number of parameters and the 
multitude of objectives to be realised. 

The final ferrite should possess a precise and homoge
neous content in ferrous iron, which requires operating 
under a controlled atmosphere, particularly during cooling. 
In parallel, the development of a correct microstructure 
imposes conditions of temperature, atmosphere, and the 
duration of the sintering. Moreover, to avoid a surface 
loss of zinc from the cores, it is necessary to operate 
under an atmosphere which is richer in oxygen as the 
temperature increases. 

Lastly, a higher density is obtained as the percentage 
of oxygen is smaller at a given temperature and duration 
[18]. These somewhat oontradictary requirements need 
the adoption of a compromise obtained on the basis of a 
systematic search covering the principal parameters [19]. 

The most fruitful methods of study for the optimization 
of sintering by systematic search for an optimum [19] are: 

- thermogravimetric analysis (content of Fe2 + and deter
mination of the oxide reduction rates), 

- chemical analysis (proportions of the constituents), 

- quantitative x-ray diffraction measurements (crystalline 
parameters, proportion of residual phases), 

- x-ray fluorescence spectrometry (zinc losses), 

- microanalysis (homogeneity of composition, distribution 
of the constituents and segregation at the grain bound
aries), 

- Mossbauer spectrometry (diffusion coefficients of the 
elements, magnetizations of the sub lattices), 

·-------
Mixture iron A, manganese P presintered --i Characteristic presintered at 1020 degrees at 1050 degrees Celsius, I at 1070 degrees Celsius, I at 1100 deg:ees Celsius, 

Celsius, 1 O minutes 30 minutes 20 minutes 10 minutes 

bulk density 1·68 1-7 1-72 1 ·72 

pressed density 2·83 2·73 2·73 2·72 

percentage of residual Fe203 4 4·2 4·5 4·2 
(x-ray diffraction) 
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- neutron diffraction, the spectra of which are detectors 
of stoichiometry and allow the magnetic structure of 
the sublattices to be determined as well as the degree 
of inversion of the ferrite [25]. 

- optical micrography (granule and porosity measure
ment), and 

- electrical measurement (Jl;, µQ, hµ-2, TF and DF). 

6.2 Conditions for Obtaining a Stoichiometric Ferrous 
Ferrite 

The required composition is achieved during the con
stant temperature stage of sintering or soak, for which 
the most important parameters are the temperature and 
the composition of the atmosphere. The same content of 
ferrous iron will be obtained at different temperatures, if 
the phase rule conditions established by J. M. Blank [20] 
and reviewed by E. D. Macklen [21] are realized. See 
Figure 8. That is, 

1 
log Po2 ~ k yoK + k', 

where k and k' are constant for a given content of ferrous 
iron. 

1 
Along the same curve Po2 ~ yoK the mean dimensions 

of the crystals and thus the initial permeability are greater 
as the soak temperature increases. On the other hand 
the quality factor µQ shows an optimum, for at low tem
perature the permeability is low and the resistivity high, 
whilst at high temperature the permeability is high but 
the growth of the crystals increases the eddy-current 
losses. This optimum can be sought by arbitrarily fixing 
a soak time compatible with the use of industrial con
tinuous furnaces. 

The results of such an analysis, covering a number 
of experiments, are shown in Figure 9. It will be noted 
that the iso-µQ curves are substantially elliptical as a 
function of sintering temperature and of the degree of 
conversion of excess initial Fe20 3 into ferrous iron deduced 
from phase-rule curves (Figure 8). 

6.3 Study of the microstructure 

The realization of a correct chemical composition does 
not of itself allow ferrites with very low losses to be 
obtained. The microstructure must be regular and the 
porosity distributed in the grain boundaries. The rates of 
densification and of crystal growth depend essentially on 
the following parameters: 

- rate of rise of temperature and atmosphere during rise 
of temperature, 

- temperature, atmosphere, duration of the soak, and 
- rate of cooling (the atmosphere during cooling is 

imposed by the conditions of stoichiometry realized 
at the soak). 
With too rapid a rate of temperature increase uneven 

crystal growth occurs, trapping part of the porosity. A low 
density and high hysteresis losses result. A temperature 
rise of 100 degrees Celsius an hour. is generally adopted 
as a compromise between a reasonable cycle duration 
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and a correct growth of density. The soak duration t is 
dictated by the following requirements: 
- maximum time available, 
- minimum density to be reached, and 
- dimension of the crystals compatible with a sufficient 

permeability and low losses. 
In the absence of discontinuous grain growth created 

by impurities such as silicon, the mean dimension d of 
the crystals is given by, 

d2 ~At( exp- ir )• 
where Q is the activation energy of migration of the 

crystal boundaries, 

R the gas constant, 

t the duration of the soak, and 

A a factor dependent on the partial pressure of 
oxygen [22]. 

During most of the soak period the pores remain inter
connected and the porosity P defined by, 

p = 1 _ apparent density 
theoretical density' 

varies as t- '12, as can be demonstrated by the rate of 
density increase, 

dP BD 
cit= -~J,3T , (see Coble [23]), 

where B is a constant, and 

D is the coefficient of diffusion of the vacancies. 

Figure 10 shows the experimental confirmation of these 
results. In practice the optimization of the conditions of 
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Figure 8 - Atmosphere/temperature curves showing the phase rule according 
to E. D. Macklen [21]. 
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sintering during the soak will be governed by the follow
ing dicta. 
- To obtain a given composition necessitates following 

the particular curve of Figure 8. For each point of this 
curve there corresponds a soak time leading to the 
desired crystal dimension. 

-Among the various possibilities, the point of operation 
chosen will be that which leads to the highest final 
density. 
These conditions fix the values of the three principal 

variables t, T, and percentage 0 2 of the soak. 

6.4 Homogeneity of Composition of Ferrite 

6.4.1 Homogeneity of Distribution of Ferrous Iron 

To maintain the state of equilibrium obtained at the 
soak the partial pressure of oxygen should vary during 
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Figure 9 - lso-µQ curves for various sintering temperatures. 
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Figure 10 - Relationship between porosity and sintering duration at different 
temperatures and for a given amount of ferrous iron. 
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recooling in accordance with the phase-rule conditions. 
This requires achieving, and measuring in a precise 

manner, contents of oxygen which become very low at 
temperatures below 1100 degrees Celsius. Up to recent 
years apparatus for proportioning oxygen did not allow 
an optimum control to be obtained. To avoid too much 
oxidation the best method was to rapidly cool the speci
ments after sintering. However, this method has the 
disadvantage of creating strains which can cause cracks 
and decrease the permeability of the material. New 
methods of control of the oxygen content at temperatures 
as low as 700 degrees Celsius facilitate the maintenance 
of specimen stoichiometry and allow an amelioration of 

the cooling conditions. The results obtained by this pro
cess show a homogeneous distribution of ferrous iron 
up to the surface of the specimens. 

6.4.2 Homogeneity of the Distribution of Zinc 

Realization of materials of high permeability (a> 5000) 
requires relatively high sintering temperatures(> 1300 de
grees Celsius) of long duration, under a reduced partial 
pressure of oxygen. These conditions favor volatilization 
of zinc at the surface (11]. A detailed analysis by x-ray 
fluorescence spectrometry and electron-probe micro
analysis has shown that the contours of zinc concen
tration in the neighborhood of the surface follow the 
relationship, 

C-C1 _ e(-d-) 
Ca-C1 - 2VDt' 

where e is the error function and 
d 

0= 2_\2vrH e-V2dV, 

V;r' ' 0 

given that 
C1 - limiting concentration at surface, 
C - concentration at distance d from surface, 
C0 - initial concentration, 
t - soak duration time, and 
D - coefficient of diffusion of ion-controlling process 

of zinc loss. 
It is then possible to calculate the quantity of zinc 

evaporated as a function of soak-sintering duration and 
atmosphere. The losses are inversely proportional to the 
oxygen content, and directly proportional to the tem
perature. This volatilization creates in the local neigh
borhood of the surface a vacancy concentration greater 
than that resulting from surface forces, causing a con
siderable decrease of permeability (1 O]. Moreover, it is 
no longer possible to obtain the same rate of oxidation 
in the interior and at the surface, even by modifying the 
partial pressure of oxygen. Flood and Hill [24] have 
shown that the ratio of ferric ions to ferrous ions depends 
on the number of vacancies and the partial pressure of 
oxygen. Spectrometry measurements carried out show 
the increase of the content of Fe2 + in the neighborhood 
of the surface in conformity with their results. 

The specimen surface then possesses a higher elec
trical conductivity than the interior, thus lowering the 
quality factor. 

A simple remedy for this deterioration of the electrical 
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Table 10 - Comparison of electrical results 

Condition U· 
'i 

-

,uQ 
I 

Laboratory furnace 2300 440 000 
Industrial furnace 2250 400 000 
Earlier period 2000 250 000 

N. B. Standard conditions of measurement apply as for Table 1. 

properties is to eliminate the surface zone by abrasion. 
Unfortunately this process is difficult to apply to complex
shaped cores. It is preferable to eliminate the zinc losses 
by modifying the composition of the atmosphere during 
the soak. An initial sintering in oxygen, or in air, permits 
the development of the desired microstructure whilst 
avoiding the evaporation of zinc. At the end of the sinter
ing the atmosphere will be changed in accordance with 
the phase rule to obtain the desired FeO content. 

A comparison of the electrical results obtained by 
the planned optimum method of sintering in a laboratory 
furnace, and the approximated conditions of sintering in 
an industrial continuous furnace is shown in Table 1 O. 
The samples used for the sinterings were identical in 
each case. For reference the typical properties of cores 
made at an earlier period are included to show the 
general improvement. 

With regard to the nominal value of TF, this can be 
adjusted by predetermined changes in the precise ferrous
iron content of the ferrite and the manganese/zinc ratio, 
without degrading the other 4 fundamental parameters. 
The tolerance on TF depends on the uniformity of tem
perature and atmosphere conditions relevant to the ferrite 
undergoing sintering in the industrial furnace. 

7. Conclusions 

All the important process stages for the conventional 
method of ferrite manufacture have been examined in 
detail, using the best available analytical techniques. 
Criteria have been developed by which it has been 
demonstrated that process parameters can be optimized 
in terms not only of the physical measurements, but also 
in terms of the desired electrical properties of the final 
product. 

The facility to change from one raw material to another 
with appropriate adjustment of process parameters, whilst 
maintaining the final product within its controlled per
formance specification, has been demonstrated. This 
facility provides the customer with a long-term assurance 
that his supply to a guaranteed performance will not be 
interrupted in the event of a raw material shortage. 

The improvement in electrical properties arising from 
optimization of homogeneity at the earliest stage of the 
process has also been demonstrated. 

The condition of the presintered powder in terms of 
physical parameters, together with the facility to adjust 
process parameters for different raw material combina
tions has been optimized and sintering schedules have 
been developed that result in a demonstrable improve
ment in electrical properties. 
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h 106 

I I I 
-- TF 106 Df 106 Density µ2 

300 0·75 0·5 4·7 
450 0·70 1'6 4·7 
800 1·2 3·0 4·3 

Comparison of Table 10, with the target properties 
shown in Table 1, demonstrates that significant progress 
has already been achieved towards the major objectives, 
particularly in respect of pQ, hµ-2 and DF. 
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Recent Achievements 

Television Tubes to Smithsonian Institution · At the invitation of 
the Smithsonian Institution in Washington, Dr. Philo T. Farnsworth 
donated to it several 40-year-old television camera and picture 
tubes and all of his documents and laboratory notebooks of that 
time. Dr. Farnsworth has been called the "Father of Electronic 
Television" for inventions, some made before he was twenty 
years old, that later triumphed in the patent courts. 

Victoria Lynch in the photograph holds the first cathode-ray 
tube equipped with internal deflection plates. On the table are, 
from the left, the first image dissector, first projection oscillo
scope, a primitive image orthicon with electron multiplier, and the 
first oscilloscope tube with a flat screen . 

International Telephone and Telegraph Corporation , 
United States of America 

Victoria Lynch holds the first cathode-ray tube with internal deflect ion plates . 
On the table are four other original television tubes given to the Smith

sonian Institution by Dr. Philo T. Farnsworth . 

Pentaconta® Equipment for Kingston-upon-Hull · Kingston-upon
Hull , which runs the only privately owned telephone network in 
the United Kingdom, has placed an order for the supply and in
stallation of a new Pentaconta crossbar telephone exchange to 
be known as the Bransholme Exchange. It will have an ultimate 
capacity of 1300 connections. 

Standard Telephones and Cables, United Kingdom 

Olympic Games Communication Facilities ·The Xth Winter Olympic 
Games in Grenoble, France, required extensive temporary tele
communication facilities and we have received official congratula
tions for the successful operation of the following telephone 
installations. 

There were installed at the new City Hall of Grenoble a 
Pentaconta telephone exchange with direct seizure and transfer 
facility to serve 32 public lines and 300 extension lines, a public
address equipment for the assembly hall of the Town Council, 
and a time display system. 

At the annex of the City Hall a Pentaconta exchange with 
100 extension lines was installed with a manual exchange giving 
these 100 extension lines access to the city network via 10 public 
lines. 

The Olympic Games Organization Committee required a Penta
conta exchange with callback and transfer facility to which 
9 public lines and 52 extension lines were connected, a duplex 
electronic interphone system for 19 stations, 5 interphone instal
lations of the Dirigent type for 23 stations, and a Villaphone 
installation for the transport services. 

For the aural and television broadcasting services, the French 
Administration required a Pentaconta exchange with a callback and 

® Registered trademark 
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transfer facility to which 54 public lines and 300 extension lines 
were connected, a local-battery semiautomatic exchange for 
250 broadcasting and television program circuits , and 80 trans
portable multiline executive stations for the program and record
ing rooms. The American Broadcasting Corporation used a special 
manual exchange to which 15 public lines and 60 extension lines 
were connected, a manual switching device for the data telepro
cess lines (3 desks), and 50 time-measurement stations . 

Compagnie Generale de Constructions Telephoniques, 
France 

Oscillator and Frequency-Selective Level-Measuring Set · Two 
companion instruments, the 74308 oscillator and the 74309 fre
quency-selective level-measuring set, span the frequency range 
250 hertz to 1620 kilohertz for use on audio, open-wire, balanced
pair, and coaxial systems handling up to 300 circuits. For oper
ating convenience, the 5 frequency bands cover (1) audio and 
broadcast frequencies, (2) coaxial supergroup 1, (3) basic super
group 2, and (4) and (5) small-core coaxial system frequencies . 
Output impedances of 75, 100, and 125 ohms cater for different 
systems . 

When making loop measurements an automatic tracking signal 
from the oscillator removes the need for manual tuning of the 
level-measuring set. For end-to-end measurements, or when an 
external signal source is used, an automatic-frequency-control cir
cuit in the level-measuring set can be activated to keep the set 
tuned to the signal for frequency drifts up to ± 300 hertz. 

The frequency-selective level-measuring set can be used for 
wide-band measurements in addition to its normal highly selective 
in-channel tests . A facility for making return-loss measurements 
can be included. 

The slow-motion-drive oscillator has a built-in checking circuit 
for frequency calibration and an off-cycles facility for accurately 
setting the frequency between calibration points. 

Both instruments are portable, operating from either 230-volt 
50-hertz mains, or an external direct-current supply of 19 to 
21 volts. 

The oscillator weighs 40 pounds (18 kilograms) and the selec
tive-level measuring set 50 pounds (22·7 kilograms) . Both instru
ments have the dimensions 22 by 15 by 8·75 inches (56 by 38 by 
22 centimeters). 

Standard Telephones and Cables, United Kingdom 

Color-Television Distortion Tests · The 74252 distortion-measuring 
set will measure the differential-phase and -amplitude charac
teristics of a color-television link and display them on a meter. 
This simplifies the procedure and the only oscilloscope required 
is a low-grade model for locating the measured point on the 
waveform . 

Measurements of differential phase can be made from ± 0·2 
to ± 15 degrees in four ranges and of differential amplitude from 
± 0·25 to ± 5 percent in three ranges. The instrument shown 

Test equipment for making different ial measurements of phase and 
amplitude of color-television links . 
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in the photo is available for either 625- or 525-line systems and 
uses plug-in circuit boards. It weighs 48 pounds (21 ·8 kilograms) 
and has the dimensions 22·5 by 9·5 by 16 inches (57 by 24 by 40 
centimeters) . It operates from a 230-volt SO-hertz mains supply. 

Standard Telephones and Cables, United Kingdom 

Pneumatic Tube System is Fully Automated · A pneumatic tube 
system type NW 100 has been developed for installation in the 
Munich Clinic . It will have an initial capacity of four 8-line central 
control stations, 46 substations, and use approximately 4000 meters 
(13 000 feet) of tubing . A newly developed control system is 
capable of controlling the traffic to as many as 10 000 substations, 
which may have identification codes identical to their telephone 
extension numbers . 

The pneumatic system will largely use horizontal central 
stations and, for the first time, unitized substation terminals . This 
system concept allows early installation of the machines, tubes, 
deflectors, and control equipment while the substations - which 
incorporate sensitive components - are assembled in the factory 
and installed shortly before the pneumatic tube system is put 
into operation . 

Standard Elektrik Lorenz, Germany 

X-ray Spectrometer · To meet requirements for increased resolu
tion and reproduceability in the determination of soft x-ray spectra 
(wavelength greater than 5 angstrom units) a linear focusing 
spectrometer is designed to attach directly to a commercial 
electron-probe x-ray microanalyzer. Special attention has been 
paid to minimizing backlash and other errors. Thus an unusual 
2:1 system is used for the counter arm. To avoid cyclic errors 
in gearing, a steel tape under spring tension transfers motion 
over pulleys of suitable radii. Tests with a full-size prototype 
have shown this to be a very reliable system. 

A new type of x-ray proportional counter is used. It is a 
double counter: the front part uses flowed gas with an ultra-thin 
window, and the rear part is a beryllium-windowed xenon-filled 
sealed counter. This pillbox type of counter enables large window 
apertures to be used without appreciable deterioration in energy 
resolution . 

Standard Telecommunication Laboratories, United Kingdom 

The VM 10 mail presorting machine . 

Triode Dissipates 390 Kilowatts · The world's most powerful con
ventional triode vacuum tube shown in the photo weighs more 
than 300 pounds (136 kilograms). 

Capable of dissipating 390 kilowatts and with 30 kilowatts 
required by the filament alone, it will produce 90-megawatt pulses 
of 1-millisecond durations at 1-percent duty for such apparatus as 
particle accelerators . 

ITT Electron Tube Division, United States of America 
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This powerful triode vacuum tube can dissipate 390 kilowatts in producing 
90-megawatt pulses . 

V M 10 Mail Presorting Machine · Under a contract awarded by 
the Deutsche Bundespost, a machine for presorting letters has 
been developed. It facilitates handling large volumes of mail and 
simplifies transportation to the distribution and letter-facing 
facilities. 

The machine is designed for 4-digit postal area codes and 
uses luminescent indexing for identification of destinations. It is 
capable of processing 22 500 letters per hour. An edge-type 
conveyor carries the letters to a feeder-stacker that equalizes 
momentary variations in input quantities. From there , the letters 
are conveyed to the reading and distributing system. 

Any one digit of the 4-digit postal area code may be used for 
sorting the mail into ten destinations. When required, several 
digits may be sent to a translator to control the sorting . Each 
destination unit holds five empty and three filled magazines, each 
with a capacity of 300 letters. 

The V M 10 presorting machine is of modular design , so that 
the individual units may be used with other facilities. It will be 
displayed at the 1968 Hanover Fair and then installed in a post 
office to gain experience with presorting. 

Standard Elektrik Lorenz, Germany 
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Dutch Airport Re-equipped · Maastricht Airport reopened in Fe
bruary 1968 following a period of being closed for re-equipping . 
Among the new equipment is an instrument landing system that 
includes a single-channel ST AN 37 localizer, a single-channel 
ST AN 38 glide slope, a ST AN 39 outer-marker beacon, and a 
ST AN 39 middle-marker beacon. The localizer antenna has a re
duced-height configuration to permit erection close to the runway. 
A special antenna array with quadrature-clearance is used for the 
glide slope to overcome siting problems due to rolling terrain in 
the foreground. 

Standard Telephones and Cables , United Kingdom 

Marine Radio Equipment for New Vessels · Among a dozen new 
ships we are supplying with radio communication and navigation 
equipment are five for American Mail Lines, five for States 
Steam.ship Company, and two survey ships for the United States 
Navy. 

All installations will include standard marine radio transmitters 
and receivers, ultra-high-frequency radiotelephone systems, loran 
receivers, direction finders, and lifeboat radio sets. Alden fac
simile equipment is also being provided for the ten commercial 
vessels . 

ITI Mackay Marine, United States of America 

Train-Describer Equipment · At a main signal box, 42 cathode-ray 
tubes having 1-inch diameter screens will provide a description of 
train locations on the British Railway's Lea Valley electrification 
scheme which covers 9 miles of track. 

The system will use British Post Office 3000-type relays for 
switching, storage, and transmission functions at the main Temple 
Mills West s:gnal box and in smaller boxes at Cheshunt, Brims
down, South Tottenham, and Hackney Downs . In these latter 
boxes, in-line digital indicators will be used for train describing. 

Standard Telephones and Cables, United Kingdom 

Radio Equipment for Oil Tankers · Three supertankers under 
construction for Essa Petroleum and the Regent Westminster 
being built for Regent Petroleum will be equipped with single
sideband high-frequency transmitters and receivers, IM R 104 
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automatic direction finders, SR 401 reserve receivers, and IM R 113 
100-watt reserve transmitters which have radiotelephone facilities 
on the emergency channel of 2182 kilohertz. 

The lifeboats of the three supertankers will be equipped with 
Solas 11 portable transceivers. The Regent Westminster installation 
will include loran navigation equipment. 

We will train and supply radio officers for these vessels . 

Standard Telephones and Cables, United Kingdom 

Automatic Data Exchange Systems · An ADX® automatic com
puter-based data exchange will be installed at the London Heath
row Airport for Pan American Airways. 

Replacing an existing message-switching system it will auto
mate telegraph traffic among the offices of Pan American Air
ways throughout Europe, Africa, and India, with connections to 
its switching center in New York and to the world-wide network 
of the International Civil Avi ation Organization. A total-system 
package will be supplied including computer programs for real
time working. 

The ADX system is based on high-speed dual on-line stored
program digital computers . Magnetic disks provide storage for 
in-transit messages through the switching center, which, once 
switched enroute, are long-term filed on magnetic tape for future 
queries. 

The system. has a capacity of 100 incoming and outgoing tele
graph channels operating at 50 to 75 bauds over either high
frequency radio links or land lines. Medium-speed data transmis
sion up to 2400 bauds will also be accommodated. Automatic 
speed-and-format conversion will allow channels with differing 
transmission speeds and message structuring to interoperate. 

The man-machine interface employs cathode-ray tubes and 
teleprinters to present operational and technical-status reports to 
a supervisor who can modify the day-to-day parameters from a 
control keyboard. 

Reuters, the world-wide news-gathering agency, have also or
dered an ADX system for their London Office in Fleet Street. 
Dual processors, one active and one standby, have been soft-

® Registered trademark 

Control processor for A DX 
data switching equipment. 
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ware tailored to suit Reuter's special needs. The system will 
switch teleprinter messages at 50 to 75 bauds over radio links 
and land-line circuits. Special facilities include collection of traf
fic statistics on all channels, automatic frequency changing on 
outgoing radio channels, handling of omnibus and selector-code 
channels, and message-format conversion. Also there is a method 
of queue control to regulate the quantity and nature of traffic. It 
allows channels to be assigned to certain classes of traffic. This 
enables the controller to add or delete messages to these queues 
according to the news value of each message. 

Standard Telephones and Cables, United Kingdom 

Microwave Oven for Chinaware Industry · A microwave oven 
has been developed in cooperation with the Haviland factory at 
Limoges, France, for predrying china pieces. The predrying allows 
the china pieces to be taken off their molds very quickly, thus 
making substantial savings on molds, handling, and floor space. 
The equipment is capable of predrying 500 china cups per hour. 

The pieces travel on a metal conveyor having a step-by-step 
motion . A heating cavity moves up and down above the belt. 
Three 1-kilowatt continuous-wave magnetrons are used to gen
erate the microwave energy which is distributed uniformly inside 
the cavity. 

Le Materiel Telephonique, France 

Microwave oven for rapid predrying of china dishes after molding . 

Pentaconta Installations in India, Denmark, and Rumania · In India 
two 10 000-line Pentaconta 1 OOOA exchanges were cut over on 
11 November 1967 in Bombay and Kalbadevi. They are in the 
same building in which another 10 000-line exchange and an 
automatic toll center are being constructed. A 7000-line Penta
conta exchange was cut over in New Delhi on 24 February 1968. 
It is the first crossbar exchange in that city and the fourth in 
India. Two additional crossbar exchanges, one local and one toll, 
are being installed in Delhi. 

A 900-trunk Pentaconta toll exchange was cut over on 2 Sep
tember 1967 in Haderslev, Denmark. The Aabenraa exchange is 
due to be cut over in August, this year. 

The first phase of a contract with Rumania signed in April 1965 
was completed at ceremonies at which Vice-Minister Airinei of 
the telecommunications administration officiated at the accep
tance of a 5000-line local, a 2023-junction tandem, and a 180-junc
tion toll exchange in Bucharest and of four toll exchanges (425 junc
tions) in Brasov, Constanta, Eporie, and Mamaia. These events 
occurred on the 40th anniversary of our installation of the first 
7A1 rotary exchange in Bucharest. 

Bell Telephone Manufacturing Company, Belgium 

Computer-Aided Line Equalization · A field engineer can telephone 
an equalization problem into the Computer-Aided Design (CADE) 
Center at Cockfosters, near London, and within 30 minutes 
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receive a print-out of the component values and their juxta
position to equalize the line he is working on . Equalization cal 
culations using manual methods could take many days. 

The field engineer finds the transmission loss in the usual 
way, making about 70 measurements which he telephones to a 
designer at the CADE center, where it is typed in at a graphics
display console. The loss characteristic is immediately shown on 
the screen , together with a number of equalization characteristics 
each corresponding to a specific equalization network. The CADE
center designer now carries out an iterative curve-fitting proce
dure using at each step a light-sensitive pen . First he selects 
from the equalization characteristics one that will equalize an 
aberration on the displayed loss characteristic . Then using the 
pen again he defines the center-position, width, and depth of 
the aberration against a fine-dot parameter grid on the display 
screen. The required equalization characteristic now appears 
superimposed on the loss characteristic and the designer modifies 
or accepts it. On pressing a key, equalization is immediately 
applied and the residual loss variations displayed. 

The whole procedure can be repeated until all the aberrations 
have been reduced and the residual losses appear within the 
acceptable tolerance limits. 

Finally, a print-out of component values and circuit configura
tion is produced and telephoned back to the field engineer 
within 30 minutes of his first call. 

Standard Telephones and Cables, United Kingdom 

Integrated Circuits Require Precision Mask-Making Engine · A 
laser-interferometer mask-making engine that is as accurate as a 
ruling engine makes masks for the processing of integrated cir
cuits and transistors. As many as 9 masks, each corresponding 
to a manufacturing step, can be produced at one time. The masks 
are projection printed on glass photographic plates 4·5 inches 
(114 millimeters) square on which hundreds of square patterns of 
0·04 inch (1 millimeter) size are produced by a step-and-repeat 
process. 

The photographic plates to be exposed are placed on an opti 
cally smooth granite table that is guided along its X and Y axes 
on Pyrex ways affixed to a larger 9-ton (8000-kilogram) optically 
smooth granite table. Gas bearings assure smooth, effortless, 
precisely controlled motion. 

The direction and amount of table movement are controlled by 
a digital computer. Interference fringes from helium-neon laser 
interferometers operating on the X and Y coordinates are count
ed by photodetectors to within a phase relationship of 1/8th of 
the laser wavelength or about 3 microinches (76 nanometers) . 
The table can be placed and held in any dark or light fringe . 

This machine for making masks for integrated circuits is operated from a 
computer . The XY coordinate positions of a stone table which carries the 
photographic plate that becomes the mask are measured by interferometers 

using laser beams . 
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A high-pressure xenon light source exposes the high-resolution 
photographic plates through 9 automatically focused lenses. 
Edge acuteness or pattern sharpness from maximum to minimum 
transmission of light has been measured at 1 ·5 microinches 
(38 nanometers). Minimum line widths and pattern spacings have 
been produced down to 40 microinches (1000 nanometers). 

A library of about 100 punched tapes is available. Placed in 
the computer, a tape controls the direction and distance of travel 
of the granite table as well as the exposures. Servomotors drive 
the table to the positions determined by the tape. Once pro
grammed for a pattern, that pattern can be stepped on 9 sepa
rate plates simultaneous ly with selected reduction ratios of 10, 5, 
4, or 2 to 1. 

ITI Semiconductors, United States of America 

Conveyor System for Sterilizing Hospital Material · A special 
hospital conveyor system has been developed for the transporta
tion of materials to be sterilized. 

The materials to be sterilized are placed in containers having 
base dimensions of either 600 by 300 millimeters (24 by 12 inches) 
or 300 by 300 millimeters (12 by 12 inches). Since the system is 
used in wet sterilization areas, its enclosures are of high-quality 
steel and the conveyor belt is of plastics material . 

The containers may be put on the conveyor in any desired 
order; they are assembled into groups and distributed to auto
claves or sterilizers. The conveyor chain includes indicators 
actuated by permanent magnets mounted in opposite corners to 
identify the size of the containers. The containers are then 
assembled by electromagnetically controlled distributors into 
lengths corresponding to the capacities of the autoclaves. 

After a predetermined period of time, the distributor opens the 
autoclave, moves a group of containers into it, and closes it. The 
conveyor then proceeds with the assembling of a new group of 
containers. 

Standard Elektrik Lorenz, Germany 

Conveyor system for moving containers of material into sterilizers . 

Electrolytic Recorder ·The paper recorder shown offers the utility 
of an oscilloscope with the permanence of facsimile . Up to 
4 channels may be recorded simultaneously on 8-inch (20-centi
meters) wide paper using electrolytic marking . Bandw:dth is direct 
current up to 100 kilohertz with input to 6 volts. 
Other features are adjustable feed rates of paper, electronic 
sweep, and selectable recording format. Both internal and exter
nal clocks can control recording sweeps. External synchronization 
can be applied. The recorder is particularly adapted to radar, 
side-looking sonar, and spectral analysis. 

ITI Electro-Physics Laboratories, United States of America 

Diaphragm Relay · This relay derives its name from the charac
teristic geometry of the moving element. Housed in a conven
tional glass capsule, the contacts are attracted together by an 
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Paper recording using electrolytic marking for four channels . 

external magnetic field operating on their ferrous backings. No 
interven ing mechanism between operating force and contacts 
makes for a more efficient relay. 

The operating-force magnetic circuit is of comparatively shorter 
length and increased area, thus providing the relay with a com
paratively larger contact area and higher contact force. 

Silver annular contacts avoid high spots at the contact-force 
center. Any high spots formed will be remote from. each other and 
so give more area of contact. Silver contacts carried out 1 ·2 mil
lion operations at a load of 1 ampere at 60 volts and then gave 
an average contact resistance of 19 milliohms - the same figure 
obtained at the beginning of the test. There is no true contact 
bounce but a 0·5-millisecond period of high resistance occurs at 
low current/voltage levels. 

For 37 ampere-turns the relay will provide a contact area of 
5-6 square millimeters . This is more than ten times the figure 
for a conventional small reed relay requiring the same ampere
turns. 

The relay is presently made in 1-, 2-, and 4-make types but 
variants are being designed. It is hermetically sealed in a glass 
envelope containing an inert gas. Compression glass-to-metal 
seals increase the bond between the metal/glass interface. 

The relay has satisfied the British Armed Services DEF 5011 
specification. 

Standard Telephones and Cables, United Kingdom 

Relay Handles 20 Kilowatts · The RF 3 vacuum-type relay, only 
2·25 inches (5·7 centimeters) long and weighing 1 ·75 ounces 
(50 grams), is capable of interrupting 20 kilowatts of direct-cur
rent power. It will carry 17 root-mean-square amperes and with
stand 7500 peak volts at 16 megahertz. At 60 hertz it will with
stand peak potentials of 12 000 volts. Its vibration rating is 10 g 
up to 500 hertz. Life expectancy is greater than a million opera
tions. 

Typical applications include switching in antenna, grid, and 
plate circuits, tapping of radio-frequency coils, and in controlling 
motors, machine tools, lighting systems, et cetera. 

ITT Jennings, United States of America 

Message Switching Center for French Land Forces · On 4 March 
1968 an important electronic message switching center was 
inaugurated for the French Land Forces in the presence of the 
General, Central Director of Transmissions, and other dignitaries 
of the Army Headquarters Staff and of the Land Forces. 

This DS 66-3 electronic message switching center permits fully 
automatic routing of messages with the very highest reliability 
as the processing unit in service can be automatically replaced 
by a standby unit without loss of characters . 
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Similar centers have been operating since 1966 and 1967, 
respectively, at the main office of Air-France in Paris and at the 
Air Navigation Department at Orly Airport. 

Compagnie Generale de Constructions Telephoniques, 
France 

Data Communication Systems · The GH 210 data system uses 
integrated circuits for compactness and an error-correction tech
nique for increased accuracy of transmission. 

An installation has been ordered by the Ansett Australian Na
tional Airlines to increase by 6 times the rate of transmitting data 
over public telephone lines between Sydney and Melbourne. In
formation on flight schedules will take 1 ·5 minutes to transmit 
instead of 20 minutes c:s at present. 

Associated British Foods of England have also ordered 12 of 
the GH 210 terminals to be installed at bakeries in Bradford, 
Sheffield, Littleborough, Wakefield , York, and Newcastle. They 
will have access to a computer center at Stockport to assess 
daily orders, manufacturing requirements, and distribution loading . 

Standard Telephones and Cables , United Kingdom 

Pneumatic Tubes Distribute Toll Tickets · The Swiss telecommu
nications administration has put in service at its Zurich toll cen
ter an additional pneumatic-tube ticket distributor. It is designed 
for an ultimate capacity of 16 sending lines with 8 stations per 
line and of 13 receiving lines with 6 stations per line. Initially, 
48 switches are in service. Each line is provided with an air lock. 
As many as 24 000 tickets are distributed daily. 

There are now 7 such installations operating in Switzerland 
and another in Germany. These installations are equipped with 
from 11 to 145 stations and vary in length of pneumatic tubing 
from 185 to 2110 meters (600 to 6900 feet) . 

Standard Telephone et Radio, Switzerland 

Switching facilities for pneumatic tube d istributing system that handles toll 
tickets without carriers. 

Marine Radiotelephone for Small Vessels · A 10-watt very-high
frequency transceiver has been developed for small vessels that 
are not required to work on all international marine channels. It 
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provides for 8 simplex and 8 duplex channels. A very-high-fre
quency hybrid coupler is available to permit simultaneous trans
mitting and receiving on a single antenna on all duplex channels . 

Direct-current drain from a 24-volt source is 100 milliamperes 
on standby for simplex reception, 0·5 ampere for reduced trans
mit power, and 1 ·5 amperes for full transmit power. 

The use of Ministac modular construction gives a compact 
unit of 185 by 385 by 179 millimeters (7·3 by 15·2 by 7·1 inches) . 

Standard Electric, Denmark 
International Marine Radio Company, United Kingdom 

Marine very-h igh-frequency radiotelephone transce iver. 

Intercommunication System for Broadcasting · A 4-wire inter
communication system has been installed for the Allgem.eine 
Rundfunkanstalten Deutschlands (Radio and Television Broad
casting Compan ies of Germany) . Leased from the Deutsche Bun
despost, the lines of this network extend radially from the tele
vision control center at Frankfurt am Main to all stations of 
the b~oadcast i ng system as well as to the European network 
through the Eurovision Center in Brusse ls. 

This naw 4-wire system is flexible, very economical , and 
allows easy expansion. The lines can be used for speech, order
wire, control, and conferences. When expanded to its full capacity, 
it will provide for two conference circuits , each including as 
many as 15 radio and television stations . They, in turn, may add 
their own conference connections. 

Facilities have baen provided for adaptation to existing 2-wire 
local-battery and central-battery networks for speech communica
tion . Transistor amplifiers compensate for all the losses occurring 
in the line network and ensure a uniform reference level at the 
transition points to the studio equipment. At the transition points 
between the broadcasting facilities and the public telephone 
equipment a so-called 4-wire audio-frequency terminal equipment 
ensures that the ringing, signaling , and speech transmission 
requirements of the telephone system are met. 

Standard Elektrik Lorenz, Germany 

X-Band Acoustic Delay Line · This delay line consists of a cad
mium-sulfide evaporated thin-film transducer on a sapphire 
delay medium. The transducer is deposited onto a sputtered gold 
film on the heated sapphire substrate from separate cadmium 
and sulfur sources. The resulting high-resistivity film is poly
crystalline but with a preferred orientation of the c axis normal 
to the substrate. In this form it can be used as an acoustic 
transducer for longitudinal waves. At 1 gigahertz the acoustic 
attenuation in sapphire is about 0·5 decibel per microsecond of 
delay and increases as the square of the frequency ; thus at 
1 O gigahertz the loss would be 50 decibels per microsecond. 
So even though it is the lowest loss material commercially avail
able it must be cooled to 77 degrees Kelvin to reduce the loss 
to 1 decibel per microsecond. 

The line is mounted in a coaxial cavity using the same 
transducer as transmitter and receiver and the whole is sus
pended over a liquid nitrogen bath in a cryostat. For a rod 
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1 ·6 centimeter (0·63 inch) long with a delay of 3 microseconds 
the tuned transduction loss was 27 decibels at 10 gigahertz. For 
the first echo the total loss was 57 decibels. As many as 
13 echoes could be measured, giving a total delay of 40 micro
seconds and a total loss of 94 decibels. Most of the transduction 
loss was due to electrical mismatch, which it is hoped can be 
improved. 

When the transducer is untuned a bandwidth of 1 gigahertz is 
observed but the loss is very high. The low-loss bandwidth is 
limited by that of the tuner used, being about 100 megahertz in 
our case. By using the new delay media that are now emerging 
it should be possible to have X-band delay lines working at 
room temperature . 

Standard Telecommunication Laboratories, United Kingdom 

Concentrators in Paris Regional Network · A small village in the 
northern part of the regional public telephone network of Paris 
has been converted from manual service through a regional cen
ter to automatic service by the installation of 2 Pentaconta CM 12 
concentrators, and a 12-channel carrier system manufactured by 
Lignes Telegraphiques et Telephoniques. 

The remote units of the concentrators were installed in the 
Post Office of the village, in which 66 subscribers are located. 
These remote units are connected by the 12-channel carrier sys
tem over existing subscriber lines to the central-office units in a 
subcenter 6 kilometers (3·7 miles) away. The actual transmission 
path is about twice this length as it goes from the subcenter 
through the regional center to the village Post Office. 

The two Pentaconta CM 12 concentrators installed in the Paris regional 
telephone network. 
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Portable instrument for measuring 100 k ilovolts . 

The village is now included in the numbering zone of the sub
center, which has a lower tariff rate for calls to Paris than the 
regional center had. 

Le Materiel Telephonique, France 

Voltmeter for 100 Kilovolts · The photograph shows a view of the 
] -1005 portable voltmeter that will measure from 0 to 100 000 
peak volts from 10 hertz to 20 megahertz within 3 percent. It 
also measures up to 40 kilovolts double-ended at 50 megahertz. 
The input capacitance is 4 picofarads for single-ended and 2 pico
farads for double-ended operation . Shunt resistance is greater 
than 2 teraohms, the insulation resistance of the glass-enclosed 
vacuum voltage dividers that are the heart of the instrument. 

A jack provides output to an oscilloscope to view waveshapes. 
A kit permits the input circuit to be at a different place than the 
indicating equipment. As shown the device is 16 inches (40 centi
meters) high by 10 by 8 inches (25 by 20 centimeters) and weight 
is 12 pounds (5-4 kilograms). 

ITI Jennings, United States of America 

Response Tracer RT-1 · This equipment was developed for atten
uation measurements on telephone channels, lines, voice-frequency 
filters , et cetera. It operates over the voice-frequency band from 
200 to 3500 hertz and includes a signal generator and receiver 
with a common power supply. The amplitude-frequency response 
is displayed on the screen of a long-persistence cathode-ray 
tube in terms of attenuation versus frequency; the vertical atten
uation scale is linear in decibels and the horizontal frequency 
scale is logarithmic in hertz. 

The receiver recognizes both signal frequency and level so 
that no synchronization is required between the signal generator 
and the receiver. Independent equipments may be used at both 
ends of the channel under test. 

The equipment will operate from either alternating current or 
batteries. Construction is in accordance with ITT Standard Equip
ment Practices and the weight is 10 kilograms (22 pounds) . 

ITI Laboratories of Spain, Spain 
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The World's Telephones - 1967t 

The number of telephones in the world continued its 
rapid growth last year with an increase of 13·4 million. 
This was a gain of 6·9 percent and brought the total num
ber of telephones in the world to 208·5 million at the be
ginning of 1967, twice the number in service only eleven 
years ago. 

The volume of overseas calls is also continuing its 
rapid climb. During the year 1966, calls between the 
United States mainland and points overseas totaled 9·9 
million, up by 22 percent over the preceding year. Under
seas cable capacity is being boosted to handle the increas
ing traffic. The first transistorized underseas cable, capable 
of carrying 720 simultaneous conversations, is scheduled 
to be placed in service between the United States main
land and the Virgin Islands by mid-1968. Another cable, 
with 144-voice capacity, will connect the Virgin Islands 
and the Dominican Republic and will be linked to the 
United States-Virgin Islands cable. By contrast, when the 
first transatlantic cable was placed in 1956, it could carry 
only 36 simultaneous conversations; even improved ter
minal equipment now enables it to carry only 48. 

A fifth transatlantic cable, from the United States to the 
Iberian Peninsula, has been proposed. This cable, also 

t An abridgment from the 1967 issue of "'The World's Telephones-1967" 
published each year by the American Telephone and Telegraph Company, 
New York, New York. 

transistorized and with a capacity of 720 conversations, 
would make possible increased volume and higher quality 
service to many points in the Middle East and Africa. 

In addition to the underseas cable networks, more than 
230 satellite circuits are now being used to provide tele
phone service between the United States and places 
overseas. Use of increasing numbers of satellite circuits 
across the Atlantic and Pacific are planned as the volume 
of calling continues to grow. 

Today a telephone user in the United States can reach 
more than 96 percent of the world's telephones. In 1967 
connections were established with Brunei, Cayman Is
lands, Greenland, Qatar, and Spanish Sahara. Operator 
dialing of calls from the United States was extended to 
Norway, Spain, Sweden. Hong Kong, Malaysia, the Philip
pines, and Singapore. 

The time is rapidly approaching, moreover, when many 
United States customers will be able to dial their over
seas calls directly. A trial of customer dialing of calls 
from New York to London and Paris was made in 1967. 
The results showed that customer dialing to overseas 
points is feasible and that few problems were encoun
tered. 

Statistical data relating to continental areas, to individ
ual countries, and to principal cities are contained in the 

Countries which have 500 000 or more telephones • Data are at January 1 - notes below 

Total telephones in service Automatic 

Country Number Percent 

I 
increase from Per 100 Number Percent 

population of total 
1967 I 1966 I 1957 1966 I 1957 

Argentina 1 526 767 1 497 841 1 155198 1·9 32·2 6-68 1378233 90·3 
Australia 3 2 978 336 2 810 833 1704000 6-0 74·8 25·81 2 533 886 85·1 
Austria 1087007 1008693 540 524 7·8 101-1 14·88 1045576 96·2 
Belgium 1665508 1564656 931 439 6-4 78·8 17·43 1 606 916 96·5 
Brazil 1 431 653 1 344 717 847 868 6·5 68·9 1·67 1 216811 85·0 
Canada 7 880 471 7 445 071 4 499 325 5·8 75.·1 38·91 7 621 047 96·7 
Czechoslovakia 1582852 1 491 621 703 098 6·1 125·1 11·09 1 422 998 89·9 
Denmark 1 411 040 1363988 922 881 3·4 52·9 29·09 1 034 274 73·3 
Finland 892 300 835 682 486 193 6-8 83·5 19·19 797 220 89·3 
France 6 554 441 6116 700 3 313 426 7·2 97·8 13·19 5 748 610 87·7 
Germany, East 1 723 814 1658817 1066582 3·9 61·6 10·09 1 723 614 100·0 
Germany, West 9 532 417 8 802 166 4 323 225 8·3 120·5 15·89 9 532 417 100·0 
Greece 579 076 508 262 136 835 13·9 323·2 6·69 553 457 95·6 
Hungary 597 376 566 026 365 438 5·5 63·5 5·86 455149 76-2 
lndia 4 961 063 881 407 314 885 9·0 205·2 0·19 691 191 71·9 
Italy 6 467 597 5 980 702 2 609 127 8·1 147·9 12·44 6 417 264 99·2 
Japan 4 16011745 13998831 3 726 821 14-4 329·6 16·08 12072847 75·4 
Mexico 930 940 823 064 383 257 13·1 142·9 2·07 818 418 87-9 
Netherlands 2512826 2 352 209 1 229 174 6·8 104·4 20·05 2 512 826 100·0 
New Zealand 4 1 087133 1025084 568 339 6-1 91·3 39·87 894 272 82·3 
Norway 945 573 907 919 631 524 4·1 49·7 25·09 749.899 79·3 
Poland 1 411 481 1294046 561 100 9·1 151·6 4·44 1174 094 83·2 
Portugal 581 780 550 490 279 537 5·7 108·1 6·31 460 057 79·1 
Rumania 510000* 473122 n. a. 7·8 n. a. 2·66 408 000 80·0 
South Africa4 1 260 692 1 198421 765 540 5·2 64·7 6·86 952 004 75·5 
Spain 3 072 214 2 788 432 1 199 078 10·2 156·2 9·60 2 479 637 80·7 
Sweden 3 757 495 3 572 630 2 312 223 5·2 62·5 47·90 3 711 234 98·8 
Switzerland 2 395 123 2 259 077 1293743 6·0 85·1 39·25 2 395 123 100·0 
USSR 8 400 000* 7 700 000 3 366 000 9·1 149·6 3·58 6 216 000 74·0 
United Kingdom4 11376000 10 704 000 7219000 6-3 57·6 20·70 10 854 000 95·4 
United States 5 98 789 000 93 656 000 60 190 000 5·5 64·1 49·87 98558 000 99·8 

~-

* estimated 
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The World's Telephones 1967 

accompanying tables. The list of countries with a half
million or more telephones increased to 31 at the begin
ning of 1967 with the addition of Rumania. The United 
States, which attained its hundred-millionth telephone 
during 1967, placed first in number of telephones with 
98·8 million at the start of the year. Japan's system ranked 
second (as it has since 1963) with 16 million, followed by 
the United Kingdom, West Germany, the Union of Soviet 
Socialist Republics, Canada, France, and Italy. 

In terms of relative telephone development, Sweden, 
with 47·9 telephones per 100 population, finished second 
to the United States (with 49·9), followed by New Zealand 
(39·9), Switzerland (39·3), Canada (38·9), and Denmark 
(29·1). 

Not surprisingly, industrialized countries with compara
tively low telephone densities per population show a 

greater percentage increase in the total number of tele
phones over the !ast ten years than countries with high 
telephone development. For example, Japan, with four tele
phones per 100 population in 1957, increased its tele
phones by 330 percent in the past decade. On the other 
hand, the United States, with 35 telephones per 100 pop
ulation in 1957, showed a 64 percent increase. During 
that period, however, the United States added three tele
phones for every one that Japan added, and at the end 
of the period the United States had nearly fifty telephones 
per 100 persons as compared with sixteen in Japan. 

In telephone talk, Canada retained its world title. Cana
dians averaged 664 conversations per person during 
1966, up by 29 from the previous year. The United States' 
average of 648 (an increase of 28) continued it in second 
place. 

Telephones by continental area • Data are at January 1 - notes below 

Total in service I Privately operatedl I Automatic I Total number 
of telephones 

Continent 

I I I 
in service 

I 
Number Percent I Per 100 Number Percent Number Percent 

1967 of world population 1967 of total 1967 of total 1966 

----

North America 106 329 ooo I 51'0 48·8 104 939 000 98·7 105 837 000 99·5 100 779 000 
Middle America 1810000 0·9 2·2 1328000 73·4 1635000 90·3 1 641 000 
South America 4 469 000 2·1 2·6 2 237 000 50·1 3 999 000 89·5 4 242 000 
Europe 66 976 000 32·1 10·6 11825000 17·7 61275000 91-5 62 432 000 
Africa 2618000 1·3 0·8 23 000 0·9 2 034 000 77·7 2 474 000 
Asia2 21 758 000 10·4 1-1 15 229 000 70·0 16 518 000 75·9 19 261 000 
Oceania 4 540 000 2·2 

I 

24-4 345 000 7·6 3 878 000 85-4 4 271 000 
World 208 500 000 100·0 6·2 135 926 000 65·2 195 176 000 93·6 195 100 000 

Telephone conversations during the year 1966 • Number in thousands - notes below 

I 
Area 

I 
Local 

Argentina 4144 071 
Australia3 2 103 000 
Belgium 843 215 
Brazil 8 627 785 
Canada 12 905 628 
Colombia 1 738 661 
Czechoslovakia 966 709 
Denmark 1 314113 
France 1826082 
Germany, East 839 760 
Germany, West 4 860 600 
Greece 1 155 775 
lndia4 1 391 000 
Italy 7 249 311 
Korea, Republic of 1 859188 
Mexico 2 054 385 
Netherlands 1 373 731 
Philippines 1 811 534 
South Africa4 1 705 722 
Sweden12 3 948 000 
Switzerland 853 337 
United Kingdom4 6 512 000 
United States 122 467 000 

Notes to tables 

n. a. The abbreviation used for "data are not available". 
1 This applies to operation rather than ownership. Systems which are gov

ernment-owned in whole or in part may be privately operated (e. g., Italy 
and Japan). The word "government" refers to nations, states or munici
palities. 

2 These data include allowances for the Asiatic parts of Turkey and the 
USSR. 
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I 
Long distance 

I 
Total 

I 
Avg. per person 

56 931 

I 
4 201 002 185·1 

116 882 2 219 882 193·9 
211 742 1054957 110·7 
131 370 8 759 155 103·4 
323 325 13 228 953 664·1 

15 063 1 753 724 94·0 
127 513 1094222 76-8 
380 753 1694866 353·3 
918 098 2 744180 55·5 
274 040 1 113800 65·3 

2 042 341 6 902 941 115·7 
43 402 1 199177 139·2 
81 029 1472029 3·0 

873 10011 8122 411 156·6 
29 821 1889009 64·9 
35 938 2 090 323 47-4 

781 249 2 154 980 173·0 
1 633 1 813167 54·2 

108 792 1 814514 99·6 
641 300 4 589 300 585·1 
940 44711 1793784 296·5 
939 000 7 451 000 135·9 

5196 000 127 663 000 648·0 

3 Data are as of June 30th of the year preceding that indicated. For third 
table they are for the year ended on that date. 

4 Data are as of March 31st of the same year as that indicated. For third 
table they are for the year ended on that date. 

s Data for Alaska and Hawaii are excluded for the year 1957, since, at 
that time, these Territories had not become States. 

11 Three-minute units. 
12 Data are for the year ended June 30, 1967. 
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Other Papers from International Telephone and Telegraph System Authors 

This list includes papers published in other 
periodicals, and lectures presented at meet
ings. Some of these latter are also available 
in a written form, either printed in pro
ceedings or edited internally. Where the 
publication is indicated, requests for reprints 
should be made directly to its editor, not 
to Electrical Communication. In the other 
cases, such requests should be made to the 
nearest editor of Electrical Communication 
or its associated language versions, as it 
may happen that a limited number of copies 
could be made available. 

Standard Elektrik Lorenz AG 

Articles 

Haas, W., Uber den Entwicklungsfortschritt 
in der Triigerfrequenzteclmik, Dbertra
gungstechnik I, volume 6, no 5. 

Hofgen, G., Ein elektronisches Goniometer, 
Frequenz 22 (1968) 2, pp 32-34. 

Kuhn, H., Mi.ill er, M., and Walter, G., Raus ch
armer Halbleiteroszillator fiir Richtfunk
anlagen, Nachrichtentechnische Zeitschrift 
21 (1968) 1, pp 40-45. 

Meifort, H., Wiirmeabfiihrung bei freier 
Stromung und Konvektion, Frequenz 22 
(1968) 2, pp 58-62. 

Nestel, S., Die Entdeckung von bewegten 
Zielen durch Pulsdopplerradar, N achrich
tentechnische Zeitschrifl: 21 (1968) 1, pp 
15-23. 

Oehlen, H., and Brust, G., Spektrale Ener
gie- und Leistungsdichte technisch interes
santer lmpulsformen und lmpulsfolgen, 
Archiv der Elektrischen Obertragung, 22 
(1968) 2, pp 79-86. 

Schmitz, W., SEL-Beitriige zur Fortentwick
lung der Eisenbahnsignaltechnik, Signal 
und Draht, 50. Jubilaumsausgabe, 60 
(1968) 1-2, pp 35-38. 

Willrett, H., Field Experience with Quasi
Electronic Telephone Switching Systems, 
IEEE Transactions on Communication 
Technology, volume 15, no 6, December 
1967, pp 730-735. 

Lectures 

Balkow, ]., Aktive nichtlineare Bauelemente 
der Elektronik II; Anzeigeelemente; 
Stromversorgungsgeriite fiir elektronische 
Steuerungen, Lehrgang des Vereins Deut
scher Ingenieure, Diisseldorf, 11-16 March 
1968. 

Carl, H., Nachrichteniibertragung mit kiinst
lichen Erdsatelliten. Verband Deutscher 
Eisenbahn-lngenieure, Nuremberg, 
25 April 1968. 

Comes, K., Ober ein Verf ahren zur Appro
ximation von Filtern mit vorgegebener 
Diimpfung, Nachrichtentechnische Gesell
schafl:, Diskussionssitzung, Frankfurt-am
Main, 21-22 March 1968. 

Dietrich, W., Maschinen zum Lesen gedruck
ter Ziffern, Verband Deutscher Elektra-

techniker, Bezirksvercin Nordbayern, 
Zweigstelle Erlangen, 29 February 1968. 

Fendt, H., Vakuumtechnik in der Fertigung 
von Elektronenrohren, Verein Deutscher 
Ingenieure-Bildungswerk, Frankfurt-am
Main, 11-16 March 1968. 

Fessler, D., Teilelektronisches Fernwirksystem 
f iir N achrichten-0 bertragungs-Einrichtun
gen, Elektrotechnischer Verein, Stuttgart, 
14 March 1968. 

Giese, W., Funksprechgeriite fiir den offent
lichen und zivilen Bedar/, Elektrotech
nische Gesellschafl:, Hanover, 2 April 1968. 

Haberle, H., N achrichteniibertragung mit 
kiinstlichen Erdsatelliten, Verband Deut
scher Elektrotechniker, Frankfurt-am
Main, 19 March 1968. 

Haberle, H., Informationstheoretische 
Grundlagen der Digitaltechnik, Verein 
Deutscher Ingenieure-Bildungswerk, Ha
nover, 25 March 1968. 

Knauer, H. U., Telefonieren ohne Hand
apparat: Grenzen und Moglichkeiten, 
Verband Deutscher Elektrotechniker, Be
zirksverein Koln, Stiitzpunkt Bonn, 20 
February 1968. 

Kramar, E., Die Rolle (Aufgabe) der Funk
technik in der Lufl- und Raumfahrt, Ver
band Deutscher Elektroteclmiker, Bezirks
verein Oldenburg, 14 February 1968. 

Lang, H., Die Priifung der Glas!Metall
Verschmelzung von Reedkontakten, Nach
richtentechnische Gesellschaft, Diskussions
sitzung, Frankfurt-am-Main, 19 Marcl1 
1968. 

Nestel, S., Unterdriickung von Storsignalen 
bei Pulsdopplerradar, Deutsche Gesell
schafl: fiir Ortung und Navigation, Diis
seldorf, 23 April 1968. 

Oden, H., Wechselbezieh1mgen zwischen 
Koppelelement und Systemstruktur, Nach
richtentechnische Gesellschafl:, Frankfurt
am-Main, 19-20 March 1968. 

Pogrzeba, H., UKW-Funksprechtechnik und 
ihre Einsatzmoglichkeiten, Verband Deut
scher Elektrotechniker, Bezirksverein 
Frankfurt, Stiitzpunkt Mainz, 13 Feb
ruary 1968. 

Raab, G., Moglichkeiten der automatischen 
Verarbeit1mg von Pulsradarinformatio
nen, Deutsche Gesellschafl: fiir Ortung 
und Navigation, Diisseldorf, 24-26 
April 1968. 

Reiner, H., Oberlegungen zur Bauweise zu
kiinfiiger N achrichtengeriite, Technische 
Akademie, Brunswick, 13 February 1968. 

Rensch, H., Die konstruktive Gestalumg 
von Reedkontakten und Reed-Relais, 
Nachrichtentechnische Gesellschafl:, Dis
kussionssitzung der Fachausschiisse 2 und 
9, Frankfurt-am-Main, 19 and 20 March 
1968. 

Rotzel, D., Sicherheit im Luflverkehr, Ver
band Deutscher Elektrotechniker, Bezirks
verein Diisseldorf, 18 April 1968. 

Rupp, H., Nachrichtensatellitentechnik als 
Erganzung und zukiinflige Konkurrenz 
der herkommlichen Obertragungstechnik, 
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Teclmische Universitat Stuttgart, 13 Feb
ruary 1968. 

Schneider, M., Planung van Fernmeldean
lagen, Technische Universitiit Stuttgart, 
31 January 1968. 

Schwant, J., Vergleich der verschiedenen 
Realisierungsverf ahren von aktiven RC
N etzwerken, Verband Deutscher Elektro
techniker, Munich, 19 February 1968. 

Waitz, M., Problems of and Solutions to 
Automatic Testing Equipment for Switch
ing Installations, IEEE-International 
Communications Conference, New York, 
18 and 21 March 1968. 

Wendel, \Xi., Das ,,Experimental Data Pro
cessor (E. D. P.) - System fiir die Euro
control Versuchszentrale", Verband Deut
scher Flugleiter, Frankfurt-am-Main, 
5 April 1968. 

Bell Telephone Manufacturing Co. 

Lectures 

Goris, A., Stand punt van een gebruiker van 
Elektroerosie machine (Point of view of 
a User of Electroerosion Machines), Study
week for special processing methods, 
Heverlce, 1-8 March 1968. 

Provoost, R., Organisatie van Arbeidsge
neeskundige Diensten (Organisation of 
Services for Industrial Medicine), School 
for Social Health Care, Section Industrial 
Medicine, Universite catholique de Lou
vain, 7 March 1968. 

Scheldeman, C., lnformatie en Kommuni
katie (Information and Communication), 
Foundation Lod. De Raet, Heverlee, 
6 February and 27 March 1968. 

Sorber, S., Personeelsbeleid in een groat 
Bedrijf (Personnel Management in a large 
companv), School for Social Health Care, 
Universite catholique de Louvain, Lou
vain, 28 March 1968. 

Sticvenart, .J., Opleidingsproblemen(Training 
Problems) Post-graduation Course "Man 
in Industry", Industrial Training School, 
Hoboken, 27 March 1968. 

Teirlinck, A., Private Centrale P 1000 T, 
(P 1000 T Private Exchange), Training 
School Telephone Administration, Brus
sels, 24 and 31 January, 7-14-21 and 
28 February, 6-13 and 20 March 1968. 

Van Overstraeten, J., Samenwerking in het 
Bedrijf (Collaboration in the Enterprise), 
Post-graduation Course "Man in Indus
try", Industrial Training School, Hobo
ken, 25 January 1968. 

Van Overstraeten, J., lnformatie en Kom
munikatie (Information and Communi
cation), Post-graduation Course "Man in 
Industry", Industrial Training School, 
Hoboken, 22 February 1968. 

Van Overstraeten, J., Opleidingsmethoden 
(Training Methods), Post-graduation 
Course "Man in Industry", Industrial 
Training School, Hoboken, 27 March 
1968. 
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Other papers and lectures 

ITT Laboratorios de Espana 

Lectures 

De Miguel, J. A.,Futuros Systemas de Con
mutaci6n Telefonica, (Telephone Switch
ing Future Systems), Telecommunication 
Technical Engineers School, Madrid, 
29 January 1968. 

Gomez Solera, J. L., Circuitos Basicos L6gi
cos, (Basical Logic Circuitry), Telecom
munication Engineers High School, 
Madrid, 26 March 1968. 

Gomez Solera, J. L., Memorias para Com
putadores, (Computer Memories), Tele
communication Engineers High School, 
Madrid, 27 March 1968. 

Santos, I., Dispositivos de Hiperfrecuencias: 
Amplificadores paramhricos, Maser, Laser, 
etc., (Hyperfrequency Devices: Parametric 
Amplifiers, Masers, Lasers, etc.), Tele
communication Technical Engineers 
School, Madrid, 12 January 1968. 

Santos, I., Disefio de Filtros (Filter Design), 
Physics Research Center L. Torres Que
vedo, Madrid, 19 January 1968. 

Compagnie Generale de 
Constructions Telephoniques 

Article 

Duquesne, J., Le Gall, P., Benmussa, H., 
Marty, P., Rivet, C. P., and Verne M., Un 
projet d'autocommutateur a microselec
teurs et a programme enregistre, hudie 
dans le cadre du systeme PERICLES, 
Commutation et :ElectronJque, no 20, 
January 1968. 

Lecture 

Girinsky, A., Message 
Switching Symposium, 
uary 1968. 

Switching, ITT 
Leningrad, Jan-

Le Materiel Telephonique 

Articles 

Belin, E., and Collet, B., Constitution des 
centraux de Paris a l'aide d'unites de 
cdblage, Commutation et Electronique, 
no 20, January 1968. 

Regnier, A., Le reseau de connexion de 
l'autocommutateur Pericles - Michelet, 
Commutation et E.lcctronique, no 20, 
January 1968. 

Lectures 

The following lectures were given at the 
Symposium on Automatic Telephone 
Switching which was held at Leningrad 
in January 1968. 

Canceill, B., Computer aid for the tele
phone traffic problems. 
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Deshays, M., Pentaconta crossbar system in 
the extension and modernization of a 
telephone network. 

Le Strat, G., Centralized charging in urban 
and toll central offices. 

Schultz, S., Methods and devices for the 
maintenance of the Pentaconta system. 

Schultz, S., Pentaconta toll switching systems. 

Trelut, ]., ARTEMIS-A central computer 
controlled electronic exchange. 

Laboratoire Central de 
Telecommunications 

Article 

De Dianous, P., Application du traitement 
optique de ['information a la mheorolo
gie et a l'oceanographie, Nucleus, volu
me 8, no 6. 

Lectures 

Desauty, J., Fiabilite en e!ectronique, lnsti
tut Superieur d'Electronique du Nord, 
Lille, 22 February 1968. 

Gaugain, E., Le Systeme Crossbar No. 5, 
Ve Seminaire Pentaconta, 25 March 1968. 

Mornet, P., PCM Integrated Telephone 
Switching and Transmission Systems, 
Leningrad Symposium, 12 January 1968. 

Standard Telecommunication 
Laboratories 

Articles 

Brewster, A. E., A High-Speed Magnetic 
Printout System, Electronics and Power, 
February 1968. 

Brisbane, A. D., A Pulsed Gas Laser and 
Its Application to Microcircuit Fabri
cation, Electronic Components, January 
1968. 

Craven, C., Relationship Between Direct
Coupled Waveguide Filters and Evanes
cent-Mode Filters, IEE Electronics Let
ters, volume 4, no 3, pp 44-46, Febru
ary 1968. 

Franks, ]., and Selway, P. R., A GaAs In
frared Sensitive Diode Made by Diffusion 
of Chromium, Brit. J. Appl. Phys. (]. 
Phys. D), series 2, volume 1, no 1, pp 
25-28, 1968. 

Heath, D.R., Selway, P.R., and Tooke, C. 
C., Photoconductivity and Infrared 
Quenching in Chromium-Doped Semi
Insulating Gallium Arsenide, Brit. J. 
Appl. Phys. (J. Phys. D), series 2, vol
ume 1, no 1, pp 29-32, 1968. 

Kao, C. K., and Williams, D., Pulse Commu
nication Along Glass Fibres, Proc. IEEE, 
volume 56, no 2, pp 197-198, Febru
ary 1968. 

Lees, J., Mobility Variation in GaAs/GaP 
Alloys, Solid-State Communications, vol
ume 6, pp 11-14, 1968. 

Lewin, L., Effect of Source Pattern on 
Wedge Diffraction, IEE Electronics 
Letters, volume 4, no 5, pp 82-83, 
March 1968. 

Mok, C. K., Diaphragms in Evanescent 
Waveguides, IEE Electronics Letters, vol
ume 4, no 3, pp 43-44, 9 February 
1968. 

Toombs, P.A. B., Thin Films of Barium 
Lanthanum Titanate, Proc. Brit. Ceram. 
Soc., no 10, March 1968. 

Lectures 

Burrell, E.W., Waters, D. B., and Williams, 
D. A., Choice and Performance of Codes 
for PCM Systems on Coaxial Cable 
including Line Regeneration, IEE Collo
quium on Pulse-Code-Modulation, 4 March 
1968. 

Butler, M. B. N., High Resolution Studies 
of Electron-Phonon Domains in CdS, 
Institute of Physics, Solid-State Confer
ence, Manchester, 3-6 January 1968. 

Cooke, R. E., Performance of the Microstrip 
Transmission Line, IEE Conference on 
Microwave Integrated Circuits, London, 
22 January 1968. 

Craven, G., Evanescent Mode Waveguide 
Components, IEE, Savoy Place, London, 
9 February 1968. 

Hartley, G. C., Data and Digital Networks, 
Research Institute of National Defence, 
Stockholm, March 1968. 

Heath, D.R., Photoconductivity Measure
ments in Chromium and Iron-Doped 
Gallium Arsenide, Institute of Physics 
Solid-State Conference, Manchester, 3-6 
January 1968. 

Hochreutiner, R. M., Asynchronous Digital 
Multiplexing for 6 and 25 Mb!s, IEE 
Colloquium on Pulse Code Modulation, 
London, 4 March 1968. 

Jessop, A., High Capacity PCM Multi
plexing and Code Translation, IEE 
Colloquium on Pulse Code Modulation, 
London, 4 March 1968. 

Lambourn, E. H., The Digital Transmission 
of Music, IEE Colloquium on Pulse 
Code Modulation, London, 4 March. 

McNeilly, J. H., A Single-Channel PCM 
Coder/Decoder for the Telephone Subset, 
IEE Colloquium on Pulse Code Modu
lation, London, 4 March 1968. 

Mash, D. H., Varactors, Imperial College, 
February 1968. 

Mash, D. H., Varactors, Bath University, 
March 1968. 

Mash, D. H., P-N Junctions, Edinburgh 
University, February 1968. 

Pearson, K. W., Satellite Multi-access Oper
ation with PCM, IEE Colloquium on 
Pulse Code Modulation, London, 4 March 
1968. 
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Pitt, G.D., High-Pressure Single-Crystal 
Hall Effect Measurements to 70 kb, 6th 
European High-Pressure Meeting, Aix
en-Provencc, 9 April 1968. 

Reeves, A.H., Telecommunications in A. D. 
2000, Presidential Address, West Ham 
College Engineering Society, 12 March 
1968. 

Reeves, A.H., The Future of PCM, (Closing 
Address), IEE Colloquium on Pulse Code 
Modulation, London, 4 March 1968. 

Weir, D. A., Electronic Switching - A Re
view, ITT Symposium on Switching, 
Leningrad, 1-18 January 1968. 

Standard Telephones and 
Cables Limited 

Articles 

Archibald, W. J., Ultra-reliable Submerged 
Repeaters, Electronic Equipment News, 
p 46, February 1968. 

Boswell, D., Hybrid Film Structure - A 
Growing Market Outlet, Electronics 
Weekly, pp 28-29, 31 January 1968. 

David, L. M., Communications Today, Fac
tory Management, volume 37, no 4, p 6, 
April 1968. 

Warren, S. W., Properties and Performance 
of Basic Designs of Infrared Interference 
Filters, Infra Red Physics, volume 8, 
pp 65-78. March 1968. 

Lectures 

Bennett, J.B. C., Basildon Computer, Basil
don Engineering Society, March 1968. 

Boswell, D., Thick Film Technology in Eu
rope, Keystone address IEE/IERE/ISHM 
Conference on Thick-Film Technology, 
Imperial College, London, 8-9 April 
1968. 

Standard Telefon og Kabelfabrik A/S 

Article 

Thoresen, F., and Kroken, P., Plastic insulated 
cables and wires for outdoor use, Teknisk 

Book Review 

Ukeblad, Kjimi, Bergvesen, Metallurgi, 
volume 28, no 1, pp 8-11, 25 January 
1968. 

International Telephone 
and Telegraph Corporation 

Lectures 

Busignics, H. G., Trends in Telecommuni
cations, presented at the Telecommuni
cations Headquarters of the following 
countries: Austria, Denmark, France, 
Holland, Norway, Spain, Sweden and 
Switzerland. 

Busignies, H. G., Achievements and Trends 
in Telecommunications, Switching Sym
posium, Leningrad, URSS, 10 January 
1968. 

ITT Avionics Division 

Article 

Dodington, S. H., Ground-Based Aids to 
Radio Navigation, Journal of the Insti
tute of Navigation, Winter 1967-1968. 

Lectures 

Dodington, S. H., A Fresh Look at Ground
Based Radio Navigation, Aviation-Elec
tronics Technical Symposium, organised by 
the U. S. Army Electronics Command, 
Fort Monmouth, New Jersey, 7 March 
1968. 

Rymer, R., The Impact of Microelectronic 
Technology on Present and Future Com
munications Equipments, Atlanta Chapter 
of the Armed Forces Communications 
and Electronics Association, Atlanta, 
Georgia, 12 March 1968. 

ITT Defense Communications Division 

Lecture 

Glomb, W. L., Design Considerations for 
Spaceborne Communication Equipment, 

Crossbar systems and Automatic Telephony - I. Pentaconta - Preselection. 
(Les systemes crossbar en telephonie automatique I. Le Penta
conta) 

- Group selection. 
- Line selection. 
- The register. 

Other papers and lectures 

Institute of Electrical and Electronics 
Engineers International Convention, New 
York, 21 March 1968. 

ITT Industrial Laboratories Division 

Articles 

Branchflower, G. A., Foote, R. H., and 
Piggins, D., Applications Technology Sat
ellite Image Dissector Camera Experi
ment, National Aeronautics and Space 
Administration, NASA Technical Notes 
D-4186, pp 1-12, November 1967. 

Crowe, K. R., and Gumnick, ]. L., Enhance
ment of Photoelectric Quantum Effi
ciency in the Near Infra-Red, Applied 
Physics Letters, volume 11, no 8, pp 249-
250, 15 October 1967. 

Hirsch, R. L., Inertial-Electrostatic Confine
ment of Ionized Fusion Gases, Journal 
of Applied Physics, volume 38, pp 
4522-4534, October 1967. 

Hirsch, R. L., Non-Thermal Getter Pump, 
Journal of Vacuum Science & Technology, 
volume 5, no 2, pp 61-62, March
April 1968. 

Lectures 

Hirsch, R. L., Experimental Studies of a 
Deep Negative, Electrostatic Potential 
Well in Spherical Geometry, Division of 
Plasma Physics, American Physical Society 
Annual Meeting, Austin, Texas, 8-11 
November 1967. 

Hirsch, R. L., Inertial-Electrostatic Contain
ment of Ionized Gases, Status of the 
Research, Fifth Symposium on Advanced 
Propulsion Concepts, Chicago, Illinois, 
9 April 1968. 

Hirsch, R. L., Review of Inertial Contain
ment Principles and a Beam-to-Spherical 
Discharge Experiment, Division of Plasma 
Physics, American Physical Society 
Annual Meeting, Austin, Texas, 8-11 
November 1967. 

R. Legare and A. Delbouys 
- The preselection coupler. 

This book is part of the series "Cours professionnels des 
PTI" (PTI professional courses). Mr. Andre Blanchard contributed 
the preface. It com.prises the following chapters: 

- Introduction (brief history of automatic telephony). 
- Equipment. 
- Selection unit. 
- Automatic exchanges. 
- Standard switching circuits. 
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- The selection coupler. 
- The translator. 
- The feeding bridge. 
- SOCOTEL multi-frequency code. 

This book, of 16X25 centimeters (6·2X9·8 inches) format, com
prises 172 pages, 77 figures and 11 folding figures including 
circuit diagrams. It can be obtained from "Editions Eyrolles", 
Paris at a cost of 39 F. 
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ITT Appointments 

Ardeo Bertucci has been appointed managing director of FACE 
Standard, Milan, at a recent meeting of the company's board of 
directors. In 1966 he was appointed general manager. As manag
ing director, Mr Bertucci succeeds Mr Carlo Roda, chairman of 
FACE's board of directors. 

Edward L. Beyer has been elected a vice president of ITT Ex
port Corporation. Mr Beyer, who continues as export sales 
manager, joined the ITT System in 1928 and has held several 
export sales management positions. A native of New York, N. Y., 
Mr Beyer was educated at New York University. 

Francis T. Cassidy has been elected a vice president of ITT 
World Communications Inc. Mr Cassidy, a former assistant vice 
president, will continue as director of capital budgets and facili
ties planning. He has held several key technical and engineering 
positions since joining the ITT System as a engineer in 1953. 

John Gilray Christy has been elected a vice president and 
treasurer of American Cable & Radio Corporation and vice pre
sident of ITT World Communications Inc. He will continue as 
treasurer of ITT Worldcom, a position he had held since 1966. 

Albert E. Cookson, vice president of International Telephone 
and Telegraph Corporation, was recently promoted to general 
technical director of the ITT System. Mr Geneen stated that 
Mr Cookson is assuming the post previously held by Dr Henri 
Busignies, whose advancement to chief scientist of ITT was re
cently announced. In his new capacity, Mr Cookson will report 
to the Office of the President-Operations-ITT. 

Stratton J. Georgoulis has been appointed general manager 
of the US operation of ITT Semiconductors. Mr Georgoulis will 
have charge of the division's operations in West Palm Beach, 
Florida, Lawrence, Massachusetts, and Palo Alto, California. 

Paul C. Gordon has been named general manager of ITT Bar
ton. ITT Barton is a major supplier of instruments employed in 
the measurement, recording and control of liquids and gases for 
the oil, gas, chemical, paper and other processing industries. 
Mr Gordon brings to his new post an extensive background in 
a variety of managerial assignments covering almost twelve 
years with ITT. He was most recently general manager of the ITT 
Advanced Mechanization Laboratory. 

John W. Guilfoyle was recently appointed as group execu
tive-Latin America for International Telephone and Telegraph 
Corporation. Mr Guilfoyle, who is a vice president, reports to 
Mr Geneen through the Office of the President-Operations-ITT. 
Before being appointed to the Latin American post Mr Guilfoyle 
served since July 1966 as group executive-Far East and Pacific. 
From June 1964 until the latter appointment he was group exe
cutive-U. S. Defense/Space Group. He also had served as pre
sident of American Cable & Radio Corporation and Federal Elec
tric Corporation, both ITT subsidiaries. 

Joseph Haber, formerly with the ITT Defense/Space Group, 
has been appointed director, Contract Administration ITT's Fed
eral Electric Corporation. 

Charles E. Haller, vice president of ITT Defense Communica
tions Division, Nutley, N. J., has been appointed director-Opera
tions. He had been serving as vice president and director-Engi
neering. In his new position, Mr Haller will have reporting to him 
the directors of Engineering, Manufacturing, Quality Assurance, 
Procurement and Operations Control. 

Lyman C. Hamilton has been elected a vice president of Inter
national Telephone and Telegraph Corporation. Mr Hamilton, who 
also is treasurer of the Corporation, joined the ITT System in 
September 1962 as manager-financial planning in the treasurer's 
department. Later he served as director-financial programs, 
director-foreign operations in the same department, and as as
sociate treasurer and director - treasury operations. 
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Robert Kirk has been elected a vice president of International 
Telephone and Telegraph Corporation. Mr Kirk, a native of 
Charleston, West Virginia, will also continue as product line 
manager-defense systems, avionics and electromechanical com
ponents for ITT. He came to ITT in April 1967 from Litton Indus
tries in Washington where he had been vice president of the 
government products group since 1964. 

Paul J. Marchesseault has been appointed director of sales at 
the Bobbs-Merrill Company, Inc. Mr Marchesseault comes to the 
Sams Company, a subsidiary of ITT, from Science Research 
Associate, Inc. 

Edgar Park was recently appointed manager of switching en
gineering by ITT World Communications Inc. Mr Park, a former 
senior switching engineer, joined the Commercial Cable Com
pany, an affiliate of ITT Worldcom, as station electrician at 
St. Johns, Newfoundland, in 1957. He was transferred to the New 
York headquarters as an engineer in 1962. 

Stanley P. Pearson has been appointed director of service 
quality and manpower development of ITT World Communica
tions Inc. A former manager, personnel resources and develop
ment, Mr Pearson has held key personnel administration posts 
with ITT System companies. 

Claude J. Peay was recently elected vice president-Sales of 
ITT's Hamilton Management Corporation. Mr Peay was a regis
tered pharmacist in Fort Collins, Colorado, before joining Hamil
ton as a sales representative in 1952. He became Hamilton's first 
mi'llion-dollar-a-year salesman, and in 1958 was promoted to 
manager of the North Platte, Nebraska, district, which eventually 
was enlarged to cover the entire state. Mr Peay moved to Den
ver as district manager in 1961. 

Enrique de la Pedraja has been appointed the new managing 
director and general manager of "Marconi Espanola, S. A.". Pre
viously he had been a member of the board of directors and 
assistant general manager of Standard Electrica S. A., to which 
company he belonged for 40 years. Here he helped develop the 
first Spanish telecommunications industry. 

Robert C. Pittman, senior vice president and director of world
wide operations at ITT's Federal Electric Corporation, has been 
elected executive vice president by the FEC board of directors. 
During the years of his association with the ITT worldwide ser
vice organizati'on, Mr Pittman has played an active part in all 
operations of Federal Electric. He has devoted prime attention 
to developing missile and space programs at the nation's test 
ranges, and to broadening Federal Electric's activities in support 
of the U.S. Air Force and the National Aeronautics and Space 
Administration's programs for the manned exploration of space. 

James A. Purdy has been appointed group general manager
Far East and Pacific of International Telephone and Telegraph 
Corporation. In his new post, Mr Purdy will have responsibility 
for all ITT activities in the Far East and Pacific areas. These en
compass manufacturing companies in New Zealand, Australia 
and Hong Kong; installations and service facilities in the Philip
pines; procurement, marketing and liaison activities in Japan, and 
the open country (where ITT does not have plants) marketing 
activities for ITT throughout the rest of the Far East and Asia. 

Louis C. Reymond has been elected a vice president of ITT 
Export Corporation. Mr Reymond, who continues as comptroller
treasurer, joined ITT in 1953, working in various staff capacities 
in the ITT World Headquarters Comptroller's and Treasurer's 
Departments. A native of Brooklyn, Mr Reymond received a 
bachelor's degree in accounting from Long Island University and 
a master's degree in business admini,stration from New York 
University Graduate School of Business. 

James S. Rice has been elected a vice president of Internatio
nal Telephone and Telegraph Corporation. Mr Rice, who also is 
group executive, Commercial Telecommunications Group-North 
America joined ITT in 1966 and as director of the North Ameri
can operations staff was responsible for the support of ITT's 
North American manufacturing research and sales activities. 
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