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The Traffic Route Tester—a New Tool for Service 
Observation at Automatic Telephone Exchanges 
K G H A N S S O N , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

U.D.C. 621.395.66 
621.395.35.001.42 

A simple and reliable means of controlling the quality of service in an auto

matic area, comprising one or more exchanges, is of prime importance to the 

telephone administration. To meet the needs of its customers in this respect, 

L M Ericsson has designed a traffic route tester coded LTR 1050. 

The role of the traffic route tester in maintenance has been touched on in 

earlier articles in Ericsson Review, No. 4, 1955, "The Assumptions for Econo

mic Maintenance of L M Ericsson's Automatic Telephone Exchanges" and 

No. 2, 1956, "Qualitative Maintenance of Automatic Telephone Networks". 

The present article will deal especially with the uses, construction and oper

ation of the traffic route tester. 

The traffic route tester LTR 1050 (fig. 1) is an automatic test equipment 

which sets up complete test connections within an exchange or between dif

ferent exchanges. It connects to the exchange equipment in the same way 

as a telephone instrument, and can be used both on crossbar and 500-switch 

systems. 

Fig. 1 x 8072 

Traffic route tester LTR 1050 

with connected Centralosraph <riyht) 
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A maximum of 20 test circuits can be connected to the traffic route tester. 
With 10 circuits as A numbers and 10 as B numbers, a complete test program 
will comprise 100 connections, one connection being established from every 
A number to every B number. 

The traffic route tester acts as a normal subscriber in relation to the ex
change. It directs the connection and records the result. The impression 
gained of the service rendered by the exchange equipment, as recorded by 
the traffic route tester, will consequently he the same as that received by 
a subscriber using his telephone. An important difference when using the 
traffic route tester, however, is that the human factor is eliminated and that 
failure to obtain connection is immediately recorded on a "Centralograph" 
and on counters. Subscribers know that they sometimes fail to obtain con
nection on account of faulty manipulation of the telephone or dialling the 
wrong number. But if the real cause is an isolated fault in the exchange 
equipment, the subscriber is seldom aware of the fact and the fault is left 
unreported. 

Applications 
The traffic route tester has two essential fields of use: 

a. automatic service observation 

b. automatic fault indication. 

Used for service observation, the traffic route tester sets up test connec
tions between connected A and B numbers. When a fault occurs during the 
test it is recorded by the Centralograph, after which the tester cuts off that 
connection and continues to the next. The total number of attempted con
nections from every A number, and the total number of completed connec
tions, are recorded on special counters. Reading of these counters at the end 
of the test program, or after a certain number of connections, affords a 
direct measure of the quality of service within the exchange or exchanges 
at which the test was carried out. If, for instance, the traffic route tester 
has made 5000 attempted connections, of which 4995 were completed without 
fault, this means that 99.9 % of the connections were correct or, in other 
words, that the fault rate is 0.1 %. 

The circuits on which the different faults occurred, and the types of fault, 
can be traced from the recordings on the Centralograph chart. 

A statistical record of the quality of service in the exchange area is thus 
obtainable by means of the data from the counters and Centralograph. An 
article entitled "Statistical Methods for Supervision of Telephone Exchanges 
and Networks" in Ericsson Technics No. 1, 1956. described the mathematical 
treatment of the statistical material obtained through the use of the traffic 
route tester. 

Used as an automatic fault indicator, the traffic route tester is a very valu
able aid to maintenance personnel. If it is found that there are too many 
faults in any group of exchange equipment or on any particular route, the 
tests can be concentrated to that section of the exchange. With the tester 
set for fault indication a faulty connection is locked as soon as encountered; 
the tester immediately stops, issues an alarm and supplies the necessary in
formation on a lamp panel for guidance in locating the fault. In this case 
the tester must be restarted manually. 
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Both for service observation and fault indication, every established test con
nection is checked, in respect of the following functions: 

register connection tone 

ringing signal and ringing tone 

operation of ringing-trip relay 

battery supply 

speech level 

no circuit interference or crosstalk 

no interruption of the connection 

correct metering 

clearing. 

The method of making these checks will be described later in the article. 

In addition to service observation and fault indication within the home 
exchange, the field of use of the traffic route tester can be extended by means 
of remote-controlled relay selectors for A and B circuits to comprise the fol
lowing test facilities: 

a. Test to other exchange 

b. Test from other exchange to home exchange 

c. Test within other exchange 

d. Test between two other exchanges. 

In all cases the traffic route tester is located at the main exchange, so that 
three control wires are needed for control of the A and B circuit selectors at 
the other exchange. In each of these four cases the traffic route tester directs 
the connections, and records the result, from the main exchange. At ex
changes where control wires are not available, a code answerer can be used 
for identification of the correct test number. Examples of different test 
facilities are shown in fig. 2. 

Fig. 2 x 2291 

Alternative connections for test traffic 

T V P traffic route tester 

Ml control wires 

FVA 1 remote-controlled selector for A and 

FVB J B circuit 

KS code answerer 

Stn exchange 
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Fig. 3 X 2290 

The traffic route tester in a test room 

On the left are seen connections to the test number 

panel and (below) the Centralograph 

Mechanical Construction 
The traffic route tester is designed as an independent unit, so that it can 

be placed apart from the exchange equipment, for instance in a test room 
(fig. 3). The relays and counters in the test equipment are assembled in 12 
relay sets type BCH. They are suspended in a metal frame made on the 
same principles as a BCG frame. The frame is supported by a pair of up
rights on each side. On the right-hand side of the frame are jacks for con
nection of the relay sets. At the top of the frame is a common fuse, and at 
the bottom are nine 80-point jacks for connection of test numbers, Centralo
graph etc. (fig. 4). Three of the relay sets are partitioned in the middle and 
have fittings for 10 control keys and lamps. Of the total of 30 keys, 20 are 
for connection of the required number of test circuits. The remaining 10 are 
used for starting the test equipment and for setting up the desired program. 
A fourth relay set is of similar design but is equipped with ten 20-point jacks 
PJ1—PJI0, one for each test number. The test number is selected by means 
of cross-connections in a 20-point plug, P, which is inserted in its corre
sponding test number jack. The risk of faults which may arise if the number 
is selected by setting of knobs or similar means is thereby entirely eliminated. 
The wiring of the test number jacks is also multipled to jacks in the bottom 
of the frame (fig. 4), JN1 and JN2, so that the test number selection can be 
connected to a central control point. 

Since all relays and other components are mounted on BCH bars, the 
traffic route tester can, if desired, be permanently connected to the remaining 
exchange equipment. In such case the control and recording equipment can 
be concentrated at another point in the exchange. 

The power wires are protected against overload by the aforementioned 
common fuse of max. 10 A at the top of the frame and, in addition, by the 
equipping of every relay set with an individual 3A fuse. The traffic route 
tester is normally designed to operate on 48 V. If used for an exchange with 
lower voltage, the supply can be taken direct from the existing mains via a 
simple rectifier unit such as L M Ericsson's power unit BMN 211. 

The remoter-controlled relay selectors for selection of A and B test num
bers at a remote exchange, and the code answerer, are also assembled on 
relay sets type BCH. They can be suitably mounted on a BCH rack at the 
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Terminations of traffic route tester 

J V 48 V terminal 

J- test number panel terminal 
J B J 
J C Centralograph terminal 

J N i l 
> terminals for central selection of test numbers 

J N j 



Fig. 5 X 2292 

Example of connection of a test circuit to the 

test number panel 

jacks for A and B test numbers 

M.D.F . 

subscriber's meter 

service jack in exchange equipment 

through-connection plug for J A and JB 

a-wire 

b-wire 

exchange in question. The code answerer may also be accommodated in a 
portable box. The equipment for selection of B test number is identical to 
the corresponding unit in the traffic route tester. 

Connections 
The connection and use of the traffic route tester is very simple. No inter

ference with the exchange equipment is necessary. What is required is the 
provision of circuits for 48 V and the concentration of the desired test num
bers at the position where the tester is erected. The choice of test numbers, 
and the quantity of numbers required, will depend principally on the test 
program. Normally two test numbers are required per 500 lines at an AGF 
exchange, and one per 200 lines at an ARF exchange. 

The test circuits can be drawn direct from the M.D.F. and wired to a test 
number panel in the test room, where they are connected to 80-point jacks. 
Every A test number must have access to a-, b- and /--wires. The /--wire, 
which comes from the subscriber's meter, is required for checking of the 
metering. 

Two 80-point jacks, J A and JB. are required for 10 test numbers, J A for 
the A numbers and JB for the B numbers. Both JA and JB contain the same 
10 numbers and can thus be used on different occasions as A or B numbers. 
It is an advantage to use the same numbers for the traffic route tester as 
are normally employed for service and test numbers in the jack boxes of the 
exchange equipment panels, where they are connected to the test jacks (TJ). 
The wiring of these numbers to TJ via JA and JB is so arranged that, when 
the circuits are used by the traffic route tester, they are disconnected in 77. 
When not used for the traffic route tester, they are connected to TJ by the 
insertion of a through-connection plug in JA and JB. The connection of a 
test number to J A and JB. and the wiring of the through-connection plug, are 
shown schematically in fig. 5. 

Other supervisory circuits of the exchange, such as counting pulses from 
the master clock, control wires to and from other exchanges etc., are also 
connected to JA and JB. 

F i g . 6 X 2295 

Controls, lamp panel and test number jacks of 

traffic route tester 

The connection between jacks JA and JB of the traffic route tester and 
the J A and JB jacks of the test number panel is arranged by means of flexible 
cables with 80-point plugs, PA and PB. at each end. 

When the tester has been connected to the desired test numbers, and plugs 
PI—P10 have been properly wired and inserted in jacks PJI—PJ10, the A 
circuits which are not to be used on the test can be disconnected by means 
of keys ABK I—10. In the same way the B circuits can be disconnected 
with keys BBK 1—10. If PA and PB are connected to the same group of 
10 test circuits, it should be noted that the same circuit cannot be simultane
ously an A and B circuit. 

The method of operation of the traffic route tester is that connections are set 
tip from every A test number to every connected B test number in succession. 
Consequently, before it can be established at the beginning of a test program 
comprising 20 test numbers that all circuits have been correctly connected, 
91 complete connections must be run off. This would take an unnecessarily-
long time, and it is best first to make a check of the connections of the A and 
B circuits. This is done by throwing keys Ak, V. L, Ly, J s and Si (fig. 6). 
Calls are thereby set up from every A test number in succession. As soon as 
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register tone is returned on one test circuit, the next is automatically connec
ted, and so on. 

To test the connections of the B circuits, Ak and St are restored and St is 
depressed once again. From the first A number connections are obtained 
successively to all B numbers. By watching the lamps and listening to the 
tones, it can be checked that every B circuit with corresponding number plug 
is correctlv connected. 

When all terminations have been tested the traffic route tester can be 

started on its test program. 

Operation 
The best idea of the operation of the traffic route tester and of its test 

facilities can be given by briefly describing its various relay sets. The loca
tions of these relay sets in the tester are shown in fig. 7. 

Counters 
The tester is equipped with fourteen 5-digit counters of conventional type. 

The counters can be zeroed. The first ten counters are connected to their 
respective A test numbers and record the number of attempted calls from 
each number. Three counters record the number of calls on which register 
connection is obtained after the first, second and third attempt, and the 
remaining counter records the number of completed OK connections to B 
numbers. 

Control Relays for Centr-olograph 
The relay set contains relays for driving the Centralograph chart. 

Counters 

Control relays for Centralo

graph 

A-circuit selector 

Number selector 

Control relays 

Auxiliary relays for number 
selector 

Impulse transmitter 

Tone receiver 

Program selector 

Timer 

Power equipment 

B-circuit selector 

Fig. 7 x 8073 

Location of relay sets in traffic route tester 
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F i g . 8 x 8069 

Example of Centralograph recordings 

Every horizontal row contains space for fault indica

tions on one connection. 

Every column contains space for indications by two 

hammers. The indications from hammers '15 and 16, 

for example, will appear in column 8. 

The Centralograph indicates the type of fault, and the test circuits con
nected at the time of the fault, in the following manner. 

Hammer 
No. 

1 —10 A-circuit of corresponding number connected at time of fault. 

II—20 B-circuit of corresponding number connected at time of fault. 

22 Indicates failure of register connection despite three repeated at
tempts of 2 seconds' duration each. The interval can be increased 
if so required. 

23 Indicates transmission of congestion tone to A circuit within 2 
seconds of transmission of last digit in B number. 

24 Indicates transmission of congestion tone to A circuit more than 
2 seconds after transmission of B number. 

25 Indicates ringing signal OK but no speech circuit. 

27 Indicates absence of ringing signal on B circuit. 

28 Indicates absence of intermittent ringing tone (5(75). 

29 Indicates that connection not cleared on disconnection from B 
number. 

30 Indicates arrival of more than one meter impulse at test equipment 
within the metering cycle applicable to that exchange. 

31 Indicates absence of meter impulse at test equipment within the 
metering cycle of the exchange. 

32 Indicates that connection was wrongly cut off for at least 2 seconds. 

33 Indicates noise of higher level than that for which the tone receiver 
was set during the test. (Crosstalk, circuit interference.) 

39 Indicates absence of intermittent ringing signal iRGi). 

40 Indicates absence of busy tone on connection to engaged B number. 

An example of the record on a Centralograph chart is shown in fig. 8. 
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A-Circuit Selector 
This selector consists of a direct-driven relay chain with the function of 

connecting the ten A test circuits one at a time. Associated with the relay 
set are 10 cut-off keys ABK 1—10 and 12 lamps (fig. 6). The function of 
the keys is to disconnect an unwanted A test circuit. At the same time the 
corresponding positions in the relay selector are cancelled. By means of two 
relays in the control relay set, the relay selector also controls indirectly the 
remote-controlled A circuit selector. 

The 10 lamps AL 1 —10 indicate that the corresponding circuit is ready 
for testing. Two red lamps indicate fuse alarm and the connection of wrong 
hattery polarity to the test equipment. 

Number Selector 
The number selector consists of a direct-driven relay chain which, with the 

assistance of three relays in the relay set for the program selector, controls 
both the B circuit selector used for the home exchange and the remote-
controlled B circuit selector. Associated with the relay set are ten cut-off 
keys BBK 1—10 which cause the connection to by-pass the respective B num
ber (fig. 6). The ten lamps BL 1—10 indicate which test number is connec
ted at any given moment. 

Control Relays 

The relay set contains 12 relays, 10 keys and 11 lamps. 

The keys have the following functions (cf. fig. 6): 

Keys 

1. spare. 

2. V down: battery voltage connected to all relay sets. 

3. St down: start of test cycle. 

4. Rk down: check of subscribers' meter signals. 

Sk up: check of noise level. 

5. / s down: check of one ringing signal only. 

Ak up: check of register connection. 

6. Up down: test to engaged B line. 

K up: test to circuit connected for code answering. 

7. La down: connects tester's alarm equipment to central alarm system. 

L up: lights lamps on control panel. 

8. 0 down: "0" transmitted as first digit of all test numbers. 

9. KO permits connection of three sensitivity ranges in tone receiver. 

10. Dk down: tester operates as automatic service observation equipment. 
Fi normal position: the tester operates as automatic fault indicator. It 

stops on the first faulty connection encountered and locks it. 
Ly up: same function as in normal position, but with loudspeaker con

nected for monitoring. 

The ten lamps indicate positions 1 —10 of the program selector; positions 
11—20 are indicated by the ten lamps working in conjunction with lamp 
No. 11. 
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Auxiliary Relays for Number Selector 
The relay set contains ten 20-point test number jacks PJ 1—PJ10 and ten 

relays, each relay being controlled by its corresponding BBK key on the 
number selector. 

The test number jacks PJ are wired as follows: 

Terminal 1 Digit cancellation, by-passing in program selector. 
2—10 Nine stop circuits, one for each digit. 

1 1—20 Translation circuits, one for each digit in the sequence 
1—9—0. 

Each test number jack permits the transmission of any nine digits in suc
cession. In addition, a tenth digit can generally be transmitted before each 
such group of nine digits (control key 0). 

The ten relays of the relay set each connect the nine stop circuits so that 
the numbers of the test number jacks correspond to the same positions of 
the number selector. Depression of a BBK key prevents the transmission of 
the corresponding series of digits. 

Impulse Transmitter 
The impulse transmitter consists of a relay chain for digit translation. The 

impulse loop is drawn via a terminal block on which there are facilities for 
connecting both line resistance and insulation resistance. 

The relay set contains one relay for interruption of the A loop and one 
for switching the loop between tone receiver and impulse contact. 

The impulse relay is designed to give a 67 % break ratio at 10 impulses 
per second. 

For an impulse frequency of 20 impulses per second and 67 % break, a 
transistor-controlled impulse transmitter is used instead. 

Tone Receiver 
The tone receiver is entirely transistorized and made up of minisets, each 

being accommodated in the relay set via 20-point plug and jack for ease of 
replacement. The tone receiver consists of three main units: 

basic amplifier 
pre-amplifier 
monitoring amplifier. 

Five relays and a loudspeaker complete the unit. 

For tone reception a relay connected to the basic amplifier operates and 
indicates to the equipment that a tone of at least minimum level is arriving. 
The basic amplifier is practically independent of frequency and can be set 
to the following three grades of sensitivity in respect to the minimum incom
ing level of the tone: 

50 mV 100 mV 250 mV 

The sensitivity is selected by means of key KO in the control relay set. 

For test of noise level the circuit is switched to the pre-amplifier, the 
following grades of sensitivity corresponding to the basic amplifier being 
then obtained: 

2 mV 8 mV 25 mV 

These three values apply to a frequency of 1000 c/s and change psopho-
metrically with higher or lower frequency of the incoming noise. 
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The monitoring amplifier is connected to the basic amplifier by means of 
key Ly. This connection permits monitoring in the loudspeaker of, for ex
ample, a 2 mV disturbance or a 100 mV register connection tone of roughly 
the same volume. 

Program Selector 
The program selector consists of a relay chain of 10 relays which perform 

two cycles and thus provide 20 working positions. The relay set contains the 
most important relays for the interrelated functions of the A circuit selector, 
number selector and B circuit selector. 

The 20 positions of the program selector are as follows: 

Test to free B test circuit 
Position 

1 Digit 0 or by-pass. 
2—10 Digit transmission. 

I I Check of reception of ringing signal by B circuit selector. 
12 Check of reception of 2nd ringing signal by B circuit selector, or 

by-pass (/ s). 
13 Ringing tone or by-pass (Is). 
14 Check of noise or by-pass (Sk). 
15 Answer from B, check of transmission by means of tone from 

B to A. 
16 Check of metering and that connection has not been unwarrant-

edly cut off for more than 2 seconds (Rk). 
17 Disconnection of B circuit; the call should be cleared. 
18 Auxiliary position, stepping. 
19 Auxiliary position, stepping. 
20 Disconnection of A circuit—return to normal. 

Test to engaged B test circuit (Up) 
1 —10 Digit transmission as above. 

11 —18 Stepping on receipt of busy tones. 
19 Stepping. 
20 Disconnection of A circuit—return to normal. 

Test to code answering number 
1 —10 Digit transmission as above. 

II Reception of code tone, direct stepping to 20. 
20 Disconnection of A circuit—return to normal. 

The notations within brackets indicate that the check is performed only 
if the respective key on the control panel is thrown. 

The program selector passes its 20 positions in each test cycle and then 
sends a stepping impulse to the number selector and B circuit selector at the 
end of every connection, whether correct or faulty. When the tester is used 
as fault indicator, the program selector stops on the position where a fault 
is encountered. Indication of the type of fault is obtained from lamps 
LLl—LL11 in the control relay set. 

Timer 
The timer consists of three relay chains driven by two capacitor-slugged 

impulse relays. By the arrangement of the wiring on a terminal block, ten 
different time indications are obtainable between 2 seconds and 3 minutes 
58 seconds for different functions of the tester. The timer starts and indicates 
relative time at 2-second intervals from the moment when register tone is 
recorded by the program selector. For testing of multimetering the timer is 
reset by an impulse from the exchange master clock. At position 16 of the 
program selector a check is thereafter made that the metering of the con
nected A circuit is correct for the period in question. 
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Power Distribution 
The relay set contains individual 3A fuses for each relay set and a control 

relay for application of voltage to all relay simultaneously. A rectifier in 
series with the control relay prevents damage to the equipment as a result 
of reversed polarity. When used for service observation, the total consump
tion of the tester is about 0.75 A. 

The relay set also contains certain auxiliary relays for identification of 
tones. 

B-Circuit Selector 
The relay set contains 16 relays, a transistor type tone generator, 10 lamps 

and a key for connection of the lamps. For tests to a remote exchange the 
selector can be placed in a spare position at that exchange. 

Calls, requirement of answer indication, and stepping to the next B num
ber are signalled to the B selector. Ringing signals are repeated on calls 
from the B selector. After answer indication from the B number, an 800-
cycle tone is sent from the tone generator via the speaking wires and the 
test circuit to the tone receiver. 

The particular B number under test at any given moment can be observed 
on the ten lamps. 

Remote-controlled A-Circuit Selector and Code Answerer 
The A-circuit selector is located at a remote exchange for selection of max. 

ten A test numbers. It is controlled from the traffic route tester at the main 
exchange and works in synchronism with the latter's A selector. In reality 
the selection of A test number has thereby been transferred to the remote 
exchange. The relay set contains 12 relays, 10 lamps and a key for lighting 
the lamps in the event of identification of the connected A number being 
required. 

The code answerer is connected at the remote exchange as answering device 
for the desired B number. It provides a check of the test traffic only on 
calls from the main exchange to the exchange at which it is connected. It 
requires no control wires for its operation. The relay set contains seven 
normal relays, a transistor-controlled tone generator and a transistor-
connected time relay. 

Summary 
In the design of the traffic route tester all possible consideration has been 

given to its reliable functioning. All circuits and components have been 
thoroughly tested at laboratories and test rooms, and the tester has been used 
by telephone administrations for several years with very good results. It has 
proved an admirable aid both for determination of the quality of service of an 
automatic telephone system and for fault tracing. 

As stated in the introduction to this article, the traffic route tester operates 
as a completely normal A or B subscriber in relation to the exchange. It sets 
up correct connections without using marginal tests, and spans the entire ex
change equipment as well as junction and rural circuits. It can also be 
advantageously used for tests on fully automatic long distance lines. Its use 
is not affected by the type of exchange equipment. It can be used equally 
well on old or modern systems of L M Ericsson's manufacture. By use of 
the remote-controlled selectors for A and B test numbers, and of the code 
answering equipment, a large number of traffic combinations can be tested in 
a single program. 

The information provided by the traffic route tester is unambiguous and 
easily analysable. To obtain the maximum benefit from the tester, however, 
the test program must be arranged to suit the existing equipment in the ex
change or exchange area, the traffic conditions, circuitry etc. L M Ericsson 
is always willing to make its experience available in the preparation of test 
programs. 
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Brief Presentation of the Theory of 
Telephone Traffic 
A E L L D I N , T E L E F O N A K T I E B O L A G E T L M E R I C S S O N , S T O C K H O L M 

U.D.C. 654.15.001.1 

The article presents a survey of the problems presented by the theory of 

telephone traffic and of the means, in the form of mathematical models and 

measurements, employed to solve them. The subject has been earlier dealt 

with in an article in the Swedish journal, "Teknisk Tidskrift", Stockholm, 

No. 5, 1958. 

The costs of an automatic telephone plant may be divided into two parts, 
those relating to the number of connected subscribers and those relating to 
the telephone traffic. The theory, or technique, of telephone traffic is con
cerned with the factors affecting the quantities of telephone equipment re
quired to carry the traffic, and is based on statistical methods specially devel
oped for the purpose. 

Mathematical Description of Properties of Telephone 
Traffic 

Telephone traffic is initiated by a number of individuals (subscribers). They 
make calls and hold switching devices fairly independently of one another, 
but with a certain similarity in their habits. Thus, apart from purely random 
variations, telephone traffic is found to be subject to both daily and seasonal 
variations. It also has a tendency to increase with time. It reaches a peak at 
a particular time of the day, which attains a maximum in a particular month 
of the year. A certain variation between different weekdays is also distin
guishable. During the busiest time of the day the traffic conditions are charac
terized by a certain stationariness. 

This description of the properties of telephone traffic conforms well with 
the modern theory of time-series analysis, according to which time processes 
are described by random variations, periodicity, seasonal variations and trends. 
It was also realized at a very early stage that telephone traffic is best described 
by a statistical model. The simplest subject for description is the traffic during 
the busiest part of the day, when the traffic process shows stationary proper
ties. In general terms it may be said that the traffic conditions in the switches, 
circuits and other traffic-carrying devices are determined by the times at which 
the calls are initiated and by the duration of the individual calls. In describing 
the sequences of calls the Danish mathematician A K Erlang (1878—1929) 
made the assumption that 

ydt (1) 

is the probability of a call being made within the interval U, t + dt), where 
y is the calling intensity. Assumption (1) premises that the calls are delivered 
by a large number of subcribers with a finite aggregate calling intensity. 

Taking into account that already conversing subscribers cannot call until 
their conversation is completed, Erlang made the further assumption that 

(N—p) -oc-dt (2) 

is the probability of a call being made within the interval (f, t + dt) from TV 
subscribers when p of them are engaged. The calling intensity per subscriber 
(single source) is x when the subscriber is free. 

From assumptions (1) and (2) it is apparent that the probabilities of calls 
are independent of the absolute time t. In the former case (1) this probability 
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will also be independent of the number of sources that are momentarily 
engaged. From (1) it follows that the distribution of the intervals between 
successive calls has the frequency function 

,v being the mean duration of conversation. This probability is independent 
both of other simultaneous conversations and of when the conversation 
started. The assumption implies that conversation times are exponentially 
distributed with the frequency function 

The calling intervals have accordingly an exponential distribution. The 
probability of exactly )• calls during the time T is then described by means 
of the Poisson distribution 

where yT is the mathematically expected number of events (calls) during 
the time T. 

Measurements of telephone traffic have shown these assumptions to be in 
satisfactory accordance with reality when the description is limited to the 
busiest time of the day (the busy hour). And in determining the quantities 
of telephone equipment for a given level of traffic, it is the busy hour traffic 
that is of primary interest. 

To describe the duration of telephone calls, Erlang introduced the assump
tion that the probability of a conversation being completed in the interval 
(/. / + dt) is 

Based on the assumptions (1) and (5), and (2) and (5), Erlang obtained a 
description of telephone traffic, i.e. the distribution of the number of simul
taneous conversations. By describing the events as a special type of stochastic 
process, and by assuming statistical equilibrium, he arrived at a sufficiently 
realistic description. This method of representation, known as equations of 
state, is the foundation of the theory of telephone traffic. 

To describe the properties of telephone traffic during a longer period than 
the busy hour. Palm (1943) introduced a modification of the Erlang model. 
He assumed that the traffic intensity was subject to discontinuities during 
the day. An arbitrary magnitude of state F(y), depending on the intensity y, 
is said to have the mean value 

where H(y) is the distribution function of the intensity y for the period under 
consideration. The traffic is said to have "inert variations of intensity", 
implying that the intensity changes with a certain inertia so that the phe
nomena of oscillation around each discontinuity may be disregarded. For 
cases in which the fluctuations have an essential influence. Palm introduced 
the concept of traffic subject to "rapid variations in intensity". 

The validity of Palm's model of inert variations was tested in 1941 by exten
sive measurements at the Ostermalm telephone exchange, Stockholm. Palm's 
investigations will probably become of growing importance in the future, since 
they provide the means of making calculations for longer periods than the 
busy hour. 
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Subscribers' Habits and Reactions 
A knowledge of the general habits of subscribers is of prime importance 

in the calculation of telephone systems. Certain characteristic patterns of 
behaviour are distinguishable irrespective of the type of system in use. Such 
patterns include the already mentioned daily and seasonal variations, and 
certain properties of holding and conversation times. Other habits are partly 
influenced by the type of telephone system, since the subscribers adapt them
selves to some extent to its properties. Instances of this latter point are how 
subscribers react to delays and congestion and to the called number being 
engaged. 

Measurements of conversation times at different exchanges and on differ
ent occasions have yielded the type of distribution shown in fig. I. 

The same type of distribution has been observed for subscribers' dialling 
times and for the number of calls per subscriber and quarter. There is reason 
to suppose that this type of distribution occurs also in other situations into 
which the human factor enters. 

(The distribution curve in fig. 1 diverges slightly from the assumption of 
exponentially distributed holding times. The significance of this was studied 
by, among others, Palm who also put forward alternative and improved 
methods of describing this distribution.) 

A point of interest in respect to the distribution of conversation times is 
how the parameters change on conversion from one telephone system to 
another, as for example from manual to automatic working, on introduction 
of a new telephone tariff, and during the course of the day. These phe
nomena, which affect both the investment costs and the income of telephone 
administrations, have been the subject of study in various connections. 

In telephone systems in which a limited number of subscribers form an 
independent group with their own switching equipment, it is of vital interest 
to know the distribution of traffic originated by individual subscribers. Sub
scribers employ their telephones to a very different extent. The design 
engineer will wish to know how many of the subscribers may be expected 
to use the telephone during the busy hour. It is known that a small number of 
subscribers usually answer for the lion's share of the traffic and that a surpris
ingly large number make no calls at all during the busy hour. These circum
stances are important in estimating the requirements of the small groups of 
subscribers using, for example, line concentrators and multiparty lines. 

Lost Call Systems and Delay Systems 
To elucidate the reactions of subscribers under conditions of congestion, 

it is necessary to touch upon the terms "lost call system" and "delay system", 
which define what happens to a subscriber if he finds all switches in a stage 
engaged. In a lost call system a new call must be made, whereas a delay 
system implies that a subscriber waits for a switch to become free so that 
the connection can be completed. 

The way in which subscribers react to busy tone and waiting has a certain 
influence on the traffic conditions. The theory of telephone traffic makes 
two assumptions which imply certain limits to subscribers' reactions. For a 
lost call system it can be assumed that a blocked call does not give rise to a 
renewed call. For a delay system it can be assumed that waiting calls remain 
waiting until completed, irrespective of the time of waiting. These two 
assumptions are the most common ones. 

But they are not fully realistic, since it may be expected that a blocked 
subscriber makes a renewed call in a lost call system, and that certain sub
scribers will not have patience to wait in a delay system. This circumstance 
has been taken into consideration by the introduction of modified assumptions 

15 

Fig. 1 X2281 

Distribution of conversation times 

1 measured distribution 
2 exponential distribution 



regarding the way in which subscribers react to congestion and waiting. The 
higher the level of congestion, the more important are these subscriber 
reactions in the switch calculation. 

The traffic conditions will differ slightly for the two types of system. It 
is understandable that a greater number of attempted calls per handled 
erlang will be made in a lost call system than in a delay system. On the other 
hand, in a delay system, the switching circuits will also be loaded by waiting 
calls. 

X 2282 
F i g . 2 X 2283 

Fu l l ava i lab i l i t y group 

a individual symbols 
b ordinary switching symbols 

A ful l a v a i l a b i l i t y g r o u p (fig. 2) is characterized by the fact that 
all inlets in a selector stage have direct access to each outlet. 

In fig. 2 N inlets have access to n outlets. From the traffic point of view 
it makes no difference whether the choice is from N to n or vice versa. 

A g r a d i n g (fig. 3) is characterized by the fact that the inlets have access 
solely to certain outlets of the group (limited availability), and that at least 
some of the outlets are accessible from different groups of inlets. Moreover 
a grading shall not be divisible into mutually independent parts. The grading 
in fig. 3 has g-N inlets divided into g groups (inlet groups), each group having 
access to a combination of k outlets unique to the group. In all, there are 
/; > k outlets. Recourse is had to grading when the traffic on any route 
requires more circuits than a single selector with "hunting capacity" k can 
reach. As dictated by engineering requirements, such as design of racks or 
control units, the inlets are divided into a number of groups, g. With g inlet 
groups the grading can have at most 

A l i n k s y s t e m (fig. 4) is characterized by the fact that the connection 
between inlets and outlets is effected through links. Connection is established 
only if a free link is available and has access to a free outlet on the desired 
route. A link system may also be built up of more than one intermediary 
stage of links. The link system in fig. 4 has n • k inlets and m • v outlets. The 
inlets are divided into k columns. Every column A has access to m links and 
every link has access to v outlets in C, the outlets being in the same row as 
the link. The outlets on the same route are placed in one or more columns. 

Link systems are employed for the purpose of combining the technical 
advantages of small capacity selectors with the high level of equipment utili
zation characteristic of high hunting capacity. Thus the main crossbar switch
ing systems of today are almost without exception designed on the link 
grouping principle. Link systems are often combined with grading by grading 
of the outlets from different link system units. 
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Methods of Grouping in Telephony 
A telephone system is made up of a number of successive selector stages. 

The inlet to the subsequent stage is generally given by the chosen outlet in 
the preceding stage. Consideration of the traffic conditions is usually limited 
to one selector stage or to one selector unit at a time. 

A distinction is made between three methods of grouping of selectors in 
a selector stage: 

Full availability groups 

Gradings (limited availability) 

Link systems 



Fig. 4 X 2286 

Link system 

The three types of grouping occur both as lost call systems and as delay 
systems. 

Methods of Calculation 
Based on the description of busy hour telephone traffic given in formulae 

(I), (2) and (5), and on Erlang's method of equations of state under conditions 
of statistical equilibrium, methods of calculation have been developed for 
the groupings and methods of traffic handling that occur in practice. As 
regards the full availability group, exact solutions have been found for various 
alternative assumptions. Exact solutions of gradings and link systems are 
only possible for very simple cases. For practical design purposes the meth
ods of calculation are based on approximations derived from the knowledge 
of the properties of the full availability group. 

In studying the traffic conditions of any switching arrangement, the fol
lowing factors must be taken into consideration: 

1. The grouping 

2. The traffic sources, i.e. the number of inlets and their calling intensity 

3. The method of hunting for a free outlet 

4. The distribution of holding times 

5. The method of handling calls that cannot be immediately completed, i.e. 
lost call system or delay system. Also, what happens when calls are dis
carded; when all callers wait; and when all callers do not wait. And how 
the queue is dispatched in a delay system. 

Full Availability Groups 
Depending on the complexity of the particular case, a greater or smaller 

measure of consideration can be given to the conditions occurring in practice. 
The full availability group has been studied in respect to most of the alterna
tive assumptions for factors 2—5. and is today about as well charted as the 
normal distribution in mathematical statistics. The only distribution that will 
be considered here is one given by Erlang, which may be said to be the basic 
method for the full availability group. 

N single sources with calling intensity x have, when free, full access 
to n switches in a lost call system. The mean holding time is s. On the 
assumption of statistical equilibrium—that is that the process has continued 
for an infinitely long time, so that the conditions are no longer affected by 
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It /; < N this distribution, known as Erlang's Bernoulli distribution, is a 
truncated binomial distribution. It presupposes that discarded calls do not give 
rise to renewed attempts. The probability that all switches in the group are 
engaged (the time congestion) obtains when p = n. 

By varying N in eq. (9) two limit values of the traffic distribution arc 
obtained. 

The condition when N < n leads to a binomial distribution, usually re
ferred to in this paper as the Bernoulli distribution. 

For p — n, the expression is Erlang's First Loss Formula, also called Er-
lantfs B Formula, 

Gradings 
The treatment of equations of state for gradings is very complicated on 

account of the necessity of the grouping being represented in detail in the 

the initial state—and of constant intensities, the probability \p\ of exactly p 
switches being engaged will be 

If TV -> oo and x - - 0 , whereas Nxs = A, un Erlang distribution is 
obtained: 

B being his notation for the congestion. 

i.e. the Poisson distribution with the mean value A simultaneous occupations. 

Modification of the assumptions results in modification of the distributions 
in (9), (9a) and (9b). Interesting solutions are also obtainable for the full 
availability group when arranged as delay system. The theory of telephone 
traffic has been used for similar purposes outside telephony. Examples are 
the problems of idle time in conjunction with discharging and loading of 
ships in harbour, arrivals and departures of aircraft, self-service shops, road 
signals, lifts, servicing of machines etc. (Refer, for example, Jensen 1957.) 
Further developments outside the realm of telephony are to be expected. 
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equations. The conditions are here affected by the following factors among 
others: 

Number of sources in every sub-group of inlets. 
Traffic offered from every sub-group. 
Number of outlets accessible from every sub-group (the availability). 
The interconnections, i.e. the manner of commoning the outlets for the 
various inlet groups. 
Total number of outlets. 
Method of hunting. 
Lost call system or delay system. 
Subscribers' reactions to congestion and delay. 

These factors render exact solutions by means of equations of state possible 
only for certain special types of grading. The future prospects of these 
methods have, however, been improved since the advent of rapid electronic 
computers with high memory capacity. The majority of gradings encountered 
in practice are calculated by approximate methods of varying precision. 

Link Systems 
In connecting from inlet to outlet in a link system the accessibility is 

dependent on whether a free link can be combined with a free outlet. If the 
links of a B-column are considered in conjunction with the outlets of a 
C-column and called the interworking link and outlet of a pair, the distri
bution of the number of engaged pairs will be analogous to the distribution 
of the number of engaged switches in a full availability group. Four cases 
of switch occupation can render the pair unusable for connection between 
inlet and outlet in the link system. For the link system shown in fig. 4 these 
cases are as follows (see fig. 5). 

1. (BC) The B-link is engaged by connection to another outlet, but the 
C-outlet is free. 

2. (BC) The B-link is free, but the C-outlet is engaged by connection from 
another /(B-column in the link system. 

3. (BC) The B-link is engaged by connection to another outlet and the 
C-outlet by connection to a link in another >!B-column. 

4. (BC) The B-link is connected to the outlet, i.e. both are engaged by an 
"internal" occupation. 

The congestion in a link system is defined by the following general 
expression 
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Fig. 5 X 2287 

Four types of engaged pairs in a link system 

where G(p) is the probability of p B-links being engaged in the B-column 
under consideration, and H(m—p\p) the probability of the in-p outlets 
corresponding to free links being engaged. This probability is expressed in 
(12) as a probability conditional on p, in order to indicate that the two parts 
of the link system, B and C, are not independent of one another. Their inter
dependence is fairly complicated since the occurrence of the p occupations 
in the B-stage is naturally dependent on what other occupations exist in the 
outlets. Likewise the probability H for the ni-p blocked outlets in the outlet 
column under consideration is dependent on the condition of the remaining 
B-columns. The interdependence between the links and outlets, however, be
comes of less practical importance, the greater the number of B- and C-
columns in the link system. 



By considering G and H in (12) as independent probabilities, and using the 
distributions of the full availability group for G and H, fully satisfactory 
expressions of congestion are obtained for practical purposes (Jacobceus, 
1950). Investigations, moreover, have shown that the interdependence be
tween links and outlets operates in a favourable direction, which means that 
the above-mentioned approximation for G and H gives congestion values with 
a reasonable margin of safety. 

As regards link systems and gradings, the use of practical methods of calcu
lation has been possible only for lost call systems. The difficulties inherent in 
delay systems are due to the necessity of introducing into the calculations 
the number of waiting calls in every inlet group in the grading and in every 
inlet column in the link system respectively. In addition, clear rules for the 
queuing discipline must be defined. For practical purposes the calculation is 
done as for lost call systems. 

Traffic Measurements, Traffic Machines 
Measurements of the traffic and congestion in a telephone exchange are 

usually made once to twice a year. The purpose of these measurements is 
to check the accessibility through the system and to serve as basis for 
planning of future extensions. 

Like other modern mathematical statistics, the theory of telephone traffic 
takes reality as its yardstick. This means that every theoretical model that 
shows unsatisfactory conformity with reality should be modified. It also 
means that the theoretical methods must always be tested by measurement of 
actual telephone traffic. 

When the problems become too complicated to handle by theoretical 
means, empirical methods are sometimes adopted. The attempt is made to 
estimate the importance of different factors by systematic measurements. 
The measurements may be performed either on actual telephone traffic or 
on artificial traffic. Apart from the difficulty of arranging the desired traffic 
conditions, it is often difficult to distinguish between the effects of different 
factors in the measurement of actual telephone traffic. The results are there
fore often very diffuse and hard to interpret. In such cases artificial traffic 
measurements will be preferable. There are today a few traffic machines 
for this purpose in various parts of the world, of which the Swedish Traffic 
Machine, owned and operated jointly by the Royal Swedish Board of Tele
communications and Telefonaktiebolaget L M Ericsson, may be mentioned. 
In traffic machines a random traffic is simulated and made to operate on 
the grouping under study. Since the processes can be performed much more 
rapidly than is possible with actual telephone traffic, results can be obtained 
in a few hours which would otherwise take years to collect. These machines, 
which may be considered as analogue computers, are primarily intended for 
measurements of gradings. 

Artificial traffic can also be generated by the drawing of random numbers, 
the drawn number indicating that a call is initiated or that a connection has 
terminated. Manually performed traffic trials generally take a long time, 
but have nevertheless been carried out. Holm (1919J was probably the first 
person to perform manual traffic trials. The generation of pseudo-random 
numbers in a digital computer, with the computer keeping count of the con
ditions in the group under study, leads to extremely precise measurements 
more quickly than is possible with a traffic machine. A method developed by 
Neovius (1955) for the Swedish BESK digital computer gives the same quan
tity of measurements as the Swedish Traffic Machine in one-fiftieth to one-
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fifth of the time. Traffic measurements made with the help of digital com
puters also have the advantage that any desired grouping can be programmed, 
whereas a traffic machine usually requires to be modified mechanically in 
order to handle a new grouping. The use of digital computers for the study 
of theoretically complicated cases is thus feasible. 

Despite the great opportunities offered by traffic machines and computers 
for the elucidation of complicated problems, work on theoretical problems 
must continue in order to explain the functional relations. Measurements of 
actual traffic must also be made as a check that one is in touch with reality. 
However admirable the mathematical model, it will be of little value without 
an adequate counterpart in reality. 

Economic Aspects, Design Standards 
In order to guarantee subscribers almost complete access throughout the 

telephone system, the various selector stages are designed, under present 
standards, for a very small probability of congestion during the busy hour at 
the busiest season of the year. There is always reason to enquire whether 
existing standards of congestion are economically warranted. The question 
should be considered in the light of how income and expenditure are affected 
by design standards. The loss of income as a result of congestion must be 
capable of estimation by reliable methods. This means taking into account 
that a subscriber, on encountering congestion, sometimes makes a new attempt 
to call at a less busy time of the day. The consequences of technical faults 
must also be considered. A further subject for speculation is how different 
types of telephone tariffs affect telephone traffic, and so telephone income. 
On the expenditure side, both running costs and amortization costs must be 
considered. The technical design of the telephone system and the technical 
requirements imposed on it must naturally be taken into account. As a rule, 
too little is yet known of the factors affecting the economy of telephone 
operation to give general rules for tackling the problem. Conscious and co
ordinated research will, however, undoubtedly lead to the elaboration of such 
rules in a not too distant future. 

Certain progress has already been made in this direction. Mention may 
be made of the principle of marginal utility applied to telephone conditions, 
known in telephony as Moe's principle after the Danish telephone engineer 
K Moe (1893—1949). For a given total congestion between the calling and 
called subscribers, the rates of congestion in different selector stages and 
groups of switches can be chosen in accordance with Moe's principle so that 
the total cost of the system is kept at a minimum. 

A similar means of arriving at the economic optimum is the use of alterna
tive routing in the design of telephone networks. On the origination of a call 
from one exchange to another, the attempt is first made to seize a direct 
circuit and, if unsuccessful, the connection is passed via a tandem exchange 
(fig. 6). The number of direct circuits designed for a high level of congestion, 
and the number of tandem circuits designed for low congestion, are so balan
ced as to keep the total cost at a minimum. Alternative routing arrangements 
are often used when the cost of the junction plant represents a major propor
tion of the total cost of the system. Very considerable savings may be made 
by correct design of -the circuit arrangements. 

Conclusion 
In the present advanced state of development of the theory of telephone 

traffic one may enquire to what extent telephone engineers of today and of 
to-morrow need be acquainted with its workings. Telephone traffic is one 

Fig. 6 x 2 2 8 8 

Alternative routing 

1 direct route AB 
2 alternative route ATB 
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of the most pregnant , practical examples of statistical phenomena . Conse

quently, the technician should be well acquainted with statistical ways of 

thought in order to be able to judge the significance of the traffic phenomena 

he encounters at a telephone exchange. In order to be able to form a judge

ment on design questions, moreover, he should have a certain knowledge of 

the distinctions and methods of calculation employed in traffic theory. Just 

as it is demanded of him today that he should have a certain insight into 

automat ic techniques, the theory of electricity, filter techniques and acoustics, 

he should also be acquainted with telephone traffic theory. 
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Machine dictation, i.e. the recording of text in a recording machine, can 

now be done telephonically through a private automatic telephone system. 

The normal telephone instrument is used, and the entire control of the re

cording machine is exercised through the agency of the dial. A special relay 

equipment developed by L M Ericsson for this purpose is added to the auto

matic switchboard, and the recording machines are usually located in a central 

transcribing department. This article presents certain aspects of machine 

dictation and briefly describes the relay equipment involved. 

Machine Dictating Systems 
Three main systems can be used for machine dictation. 

1. Individual recording machines — decentralized recording 

Every "dictator" or executive has his own recorder and the records are 
sent to a secretary for transcription. 

Advantages 

The recorder is always free for dictation, is simple to manipulate and is 
under the executive's complete control. 

Disadvantages 

The system is expensive if many machines are required. One way of over
coming this difficulty is that persons who regularly dictate should have their 
own recorder, while others loan machines from a central pool. 

Applications 

The system is used mostly when transcription is decentralized. It therefore 
lies outside the scope of this article. 

2. Special dictating telephones — centralized recording 

Every user of the system has a special telephone instrument from which 
he can dictate to a central recording department containing the necessary 
number of recorders. 

Advantages 

Less recorders will be required than in the previous case. 

All transport of records, tapes, rolls etc. is eliminated. 

Disadvantages 

Each person must have a special dictating telephone. The system requires a 
considerable quantity of cabling, with consequent addition to the installation 
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cost. Persons who do regular dictation can he provided with a set of their 
own. while others may possibly have to use "dictating kiosks" tor general 
use. 

F i g . 1 X 2294 

Block schematic for connection of recorder 
to automatic telephone switchboard 

1 extension telephone 

2 automatic telephone switchboard 

3 relay equipment {DMR) 

4 cable between switchroom and central tran

scribing dept 

5 connecting box for termination of recorder 

6 recorder 

7 secretary 's telephone in central transcribing dept 

A pplications 

The system is well adapted to offices in which there is a high volume of 
dictation per "dictator". 

3. Dictation to central recording equipment through ordinary telephone 

system 

In this system all extensions of the private automatic exchange can dictate 
to the central transcribing department at any time. 

Advantages 

No special measures are required to enable a person to dictate. 

No separate cabling. 

During dictation the normal telephone instrument is engaged, so that there 
is no need to worry about being disturbed by internal telephone calls. 

The system is generally cheaper than the two previous systems. 

Disadvantages 

The automatic switchboard has to carry the dictating traffic and must there
fore be of rather larger capacity than usual. 

In P.A.B.X. systems it may be a disadvantage that the executive's telephone 
is engaged, so that he does not receive calls from the public telephone system 
while he is dictating. 

Applications 

The system can be specially recommended for offices where the number of 
"dictators" is large in relation to the total quantity of dictation. 

The following account will be concerned with system 3. 

Equipment and Operation of a Central Dictating System 

Equipment 
The general layout of the system is shown in the block schematic in fig. 1. 

Every dictating machine is connected to the telephone switchboard via a relay 
set DMR (fig. 2). 

The relay set can be placed either in a separate rack beside the switch
board, or in the switchboard itself if space is available. 
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Fig. 2 X 7732 

Relay set DMR (BCH 12), co\er removed 



A rack type BDH 10 for max. 8 relay sets DMR is shown in fig. 3. This 
rack is made for wall mounting. 

Between the DMR relay rack in the switchroom and the central transcribing 
department there is a multi-wire cable which terminates in a connecting box 
for termination of the dictating machines. 

The relay sets are available in different designs for various types of L M 
Ericsson automatic switchboards. 

The connection to the dictating machine, however, is standardized and con
forms fully with the American Bell system standards which are already being 
adopted by the majority of manufacturers of dictating machines. 

Operation 
The relay set DMR is connected to an extension number. If several relay 

sets are installed, they are connected to a group number in the telephone 
switchboard. 

The dictating machine is controlled from the dial of the extension tele
phone, for which purpose the following digits are used: 

1 start and stop of dictating machine 
2 correction indexing 
3 backspacing 
4 end-of-letter indexing 
5 telephone call to secretary 

The dial impulses are transmitted to relay set DMR, the relays of which 
control the dictating machine. 

To start dictating, the executive dials the number of the dictating machine 
and, after connection to the machine, hears continuous buzzer tone. If the 
machine is engaged or not ready for dictation, the caller receives busy tone. 
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Fig. 3 x 8071 

Rack BDH 10 

for max. 8 relay sets DMR 



The dictating machine is started by dialling digit /. whereupon the buzzer 
tone ceases and dictation can begin. The machine is likewise stopped by 
dialling digit / , whereupon continuous buzzer tone is returned. In this way 
the machine can be alternately started and stopped any number of times 
during dictation. It is also possible to connect a dictating machine equipped 
for voice-controlled starting and stopping. In the latter case the machine 
starts automatically as soon as dictation begins, and stops at every pause in 
dictation. The need of dial-controlled starting and stopping is hereby elimi
nated. 

Correction indexing during dictation is indicated to the machine by dialling 
digit 2. 

Backspacing is indicated by dialling digit 3, which switches the machine to 
playback and the executive hears the latter part of his recorded text. Playback 
is interrupted by dialling digit /, which returns continuous buzzer tone. To 
continue dictation he dials digit /. As long as the machine is switched to 
backspacing, a faint intermittent buzzer tone is heard, indicating to the 
executive that the machine is not connected for recording. The length of 
the playback period is limited by a timing device to avoid unnecessary blank 
spaces on the record. After a certain time (max. 40 seconds) continuous 
buzzer tone is heard unless digit J is dialled. 

End-of-letter indexing is indicated to the dictating machine by dialling 
digit -/. whereupon continuous buzzer tone is received. If digit / is again 
dialled, the buzzer tone ceases and the dictating machine starts again. End-
of-letter indexing by dialling digit 4 is unnecessary if the dictation comprises 
a single letter, and likewise after the last letter in a series of dictations, since 
end-of-letter indexing is automatically indicated to the machine when the 
handset is replaced at the extension telephone. 

A secretary's telephone in the central transcribing department can be called 
by dialling 5. An intermittent ringing tone is returned to the caller, and the 
dictating machine stops. The ringing tone is cut off when the call is answered. 
When the secretary replaces her handset, continuous buzzer tone is emitted 
once again, after which the dictating machine can be started, as earlier, by 
dialling I. 

For the large majority of firms and other organizations considering the 
introduction of machine dictating in place of the older method of dictating 
to a stenographer, the present system should provide the solution that comes 
closest to the ideal. The change-over from personal dictation to machine 
dictation in itself brings a saving in personnel, since only one person is 
engaged during actual dictation. Centralized transcribing permits better 
employment of secretaries than if each secretary works for a few executives, 
so that added savings are made on this score. Of all existing centra! dictating 
systems the one described here should prove the most practicable, since any
body, whether he dictates often or not, can dictate while sitting at his desk 
without any special measures being necessary. Reorganization or movements 
within the office can be arranged without affecting the dictating system. 



New Capacitors for Power Factor Improvement 
K H A G G L U N D , S I E V E R T S K A B E L V E R K , S U N D B Y B E R G 

U.D.C. 621.319.4 
621.761.2 

Sieverts Kabelverk has manufactured capacitors since J925. Designs and 

constructional materials have since then passed through many stages of devel

opment which have led to more efficient, more reliable and cheaper capa

citors. These capacitors are now being installed to an increasing extent as 

a means towards rational utilization of electricity supply systems. 

Fig. 2 X2260 

Capacitor element 

The present article deals with the design and methods of manufacture of 

the new capacitors that have been produced by Sieverts Kabelverk since 1955. 

General Features 
The main characteristics of the new series of capacitor types CR and CRK 

are their appreciably higher output per unit of volume and weight than in the 

earlier designs (fig. 1). This was achieved by means of the following inter

related factors: 

a) compact construction, 

b) high vacuum drying, 

c) low losses of capacitor paper, 

d) high dielectric constant of impregnant. 

Construction 
The active parts of a capacitor are composed of two aluminium foils sepa

rated by several layers of impregnated paper (fig. 2). The paper varies in 

thickness between 8 i, and 20 it (1 H = 0.001 mm or 0.00003937 in,), and 

the number of layers between 3 and 6, depending upon the voltage for which 

the insulation is designed. The capacitor elements are wound into rolls and, 

after removal from the winding machine, flattened out, compressed into 

packs, enclosed in an insulating cover and inserted into the container (fig. 3). 

The container is designed to take up the changes in volume of the impregnant 

caused by changes in temperature . After the lid with soldered bushings has 

been welded to the container, the capacitor is ready for drying and impregna

tion. 

Drying and Impregnation 
The drying and impregnating plant shown in fig. 6 consists of two hori

zontally mounted autoclaves for the capacitors, a degassing equipment for 

the impregnant , a storage tank for the degassed impregnant , and an extensive 

series of vacuum pumps. The latter consist of rotating pumps , oil jet pumps 

and diffusion pumps, and the final pressure both for drying the capacitors 

and for degassing and storage of the impregnant is lower than 10~3 mm Hg. 

Consequently, after impregnation, the insulation in the capacitors is entirely 

free from moisture and gas and has electrical properties of the highest stand

ard obtainable at this time. 
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Fig. 1 

Stages of capacitor development 



Fig. 3 

Pack of capacitor elements 

Impregnant 
The impregnant is Siklonyl, a chlorinated diphenyi. Siklonyl possesses the 

following advantages as compared with the previously used mineral oil: 

a) It is chemically stable and will not polymerize, as mineral oils sometimes 

do (wax formation). 

b) It has a high dielectric constant and gives a higher capacitance per unit 

of volume than mineral oil. 

c) It has a high electrical strength and, since its dielectric constant is close 

to that of the cellulose fibres in the paper, there is no extra stress on the 

impregnant . 

d) It is non-inflammable. 

Fig. 4 

Temperature dependence of Siklonyl 

Siklonyl is a polar fluid, as evidenced by its temperature characteristics. 

This is shown for trichlordiphenyl in fig. 4. When the temperature drops, 

the fluid becomes increasingly viscous. The rotation of the dipoles is restricted, 

resulting in a greater requirement of dipolar work and greater losses (tan d). 

When the fluid finally congeals, the dipolar rotation ceases and the losses 

decrease, al though not to the same low level as before. The dielectric constant 

is also affected and falls rapidly during the solidification. These phenomena 

have no bearing on the functioning of the capacitor. If a capacitor that has 

cooled down to below the solidification point of Siklonyl is energized, the 

losses will be so appreciable that it rapidly warms up. The losses thereby 

decrease and the temperature reaches equilibrium. 

Capacitor Losses 
Fig. 5 shows the losses in capacitors made of paper of s tandard quality 

and special quality respectively, and impregnated with chlordiphcnyl. It will 

be seen that the losses in special paper capacitors are about 50 % lower than 

in s tandard paper capacitors. The lowering of the loss angle from 0.35 % 

to below 0.20 % gives the capacitors a low operating temperature and there

fore long life. In addition, the cost to the capacitor user, due to losses, will 

decrease. The capitalized cost of capacitor losses may be taken as being 

about 400 dollars per kW. If the loss factor drops from 0.35 % to 0.20 %, 

the loss cost diminishes by 60 cents per kVAr, which is roughly 15 % of the 

capacitor price per kVAr. 

Testing of Capacitors 
All capacitors are normally subjected to loss measurement , capacitance 

and voltage tests, phase to phase and phase to earth. 

A one minute D.C. test is done with the following test voltage across the 
terminals: 

The test voltage between phase and earth (container) is dependent on the 

svstem voltage and class of insulation as set out in table 1. 
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Fig. 5 x 2 2 5 7 

Loss factor of capacitors with standard and 
special type papers respecthely, and impreg
nated with chlordiphenyl 



Fig. 6 

Impregnating plant 

Table 1 

System voltage 
kV 

0.5 
3 
6 

10 

Normal insulation 
class 

K x 3 
K s 4 0 
Kv 5 5 
K s 75 

Test voltage d.c. 
1 min. kV 

5 
40 
55 
75 

The above routine test is in accordance with the Swedish Electrotechnical 
Standards SEN 2705, but can also be performed to comply with the standards 
of other countries or with international standards. 

Types and Data 

Power Capacitors Type CRK for 230—550 V 
Types and power ratings as in table 2. 

Table 2 

Capacitor Units 

Type 

CRK- 5 
CRK- 8 
CRK-10 
CRK-20 
CRK-40 

kVAr output at 

250 V 

3.3 
5 0 
8.5 

12 
24 

400 V 

5.5 
8.3 

14 
20 
40 

525 V 

5.5 
8.3 

14 
20 
40 

The capacitors are made in two designs, one delta-connected, the other 
with all six phase terminals accessible and designated CRK and CRK-YD 
respectively. The latter design is suited for individual compensation of an 
induction motor with normal star-delta starting switch. 
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_,. X 2275 
tlS- I X 2276 

Wrong (left) and right methods of connection 

with star-delta switch 

If the capacitor is delta-connected, and connected to a motor with star-
delta starting switch as in fig. 7 (left), high overvoltages may arise due to 
self-excitation during switching from star to delta. The reason for this will 
be seen from fig. 8, which shows the no-load current of a motor as function 
of the voltage when the motor is star-connected and delta-connected respec
tively. 

Fig. 8 also includes the volt-ampere curves of two different sizes of capa
citor. One of the capacitors will barely compensate the no-load current of the 
motor, whereas the other capacitor is larger. 

If contact with the line is broken during switching from star to delta, be
fore the neutral point connection is broken, the motor will rotate independent 
of the line and steal the excitation power from the capacitor. The motor 
thus operates as a generator and the voltage across the motor rapidly rises 
to the level corresponding to the point of intersection between the no-load 
curve of the star-connected motor and the volt-ampere characteristic of the 
capacitor. The voltage attains its peak value, two to three times that of the 
rated voltage, within the course of a few cycles. Another disadvantage of 
this connection derives from the property of the capacitor to retain its 
charge during a long period. 

Hence phase differences may arise when switching between star and delta, 
resulting in violent discharges which damage the breaker contact. 

F i g . 9 X 2254 

Dimensions in mm of low voltage capacitor 

unit CRK-20 

If the capacitor is connected to terminals 4, 5 and 6 in fig. 7 (left), series 
resonance may occur if the neutral point connection is broken before discon
nection from the line. This acts as a short-circuit and gives rise to currents and 
voltages of very high value. The difficulties are eliminated if the capacitor 
is connected in single phase as in fig. 7 (rightl. 

For compensation of a large number of small motors and other inductive 
loads the capacitors are assembled into banks. These banks are built up of 
the delta-connected standard units and can be supplied with standard racking 
for outputs up to 200 kVAr. The standard banks are designated CRK-FL, 
their remaining data being listed in table 3. The banks can be supplied com
plete with breaker equipment and for automatic switching on and off. The 
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F i g . 8 X 2277 

Self-excitation when using star-delta starting 
switch 

The straight lines represent volt-ampere curves of 

two different sizes of capacitor 



F i g . 10 X 8061 

Standard bank type CRK-FL 

Dimensions in mm 

dimensions and design of a CRK unit are shown in fig. 9, and a standard bat

tery of type CRK-FL in fig. 10. Fig. 1 1 shows an installed bank for 1 6 0 k V A r , 

equipped with a VAr-relay for automatic operation. 

Tabic 3 

Capacitor hanks 

Type 

CRK 220 FL 
CRK 320 FL 
CRK 420 FL 
CRK 520 FL 
CRK 240 FL 
CRK 340 FL 
CRK 440 FL 
CRK 540 FL 

kVAr output at 

250 V 

24 
36 
48 
60 
48 
72 
96 

120 

400 V 

40 
60 
80 

100 
80 

120 
160 
200 

525 V 

40 
60 
80 

100 
80 

120 
160 
200 

Width A (fig. 10) 
mm 

400 
590 
780 
970 
420 
610 
800 
990 

Fig. 11 x 8064 

Capacitor installation 
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High Voltage Power Capacitors Type CR 
These capacitors are normally made for voltage ratings between 1 and 

2 kV and rated outputs of 20 kVAr and 50 kVAr. By series-parallel connec
tion of these units, capacitor banks can be built up for any desired voltage 
and output. The design of a unit CR 20 is shown in fig. 1 2, and a capacitor 
bank for 18 MVAr at 10 kV in fig. 13. 

Protective Equipment 
Like other machines and equipment, capacitors and capacitor banks must 

have reliable protective devices that will rapidly limit the effects of faults. 
Sieverts Kabelverk, therefore, supply complete banks with the necessary pro
tective equipment consisting of breakers, discharge devices, relays etc. 

High voltage banks, which are usually star-connected, are normally given 
some form of unbalance protection. The bank may, for example, be divided 
into two parallel halves. Wired to the neutral points of the two halves is 
a current transformer. In case of failure in one of the halves, a current will 
flow through the transformer and energize a relay circuit in connection with 
the capacitor breaker or release a signal device. 

Capacitors and banks for voltages below 600 V are, as already mentioned, 
normally delta-connected and protected by a breaker which, in the event of 
fault, disconnects all three phases of the unit or bank. External fuses alone 
for a delta-connected capacitor do not provide sufficient protection. 

In addition to the external protectors the capacitors may be equipped with 
internal fuses which disconnect a part of the faulty unit. 

Both high voltage and low voltage capacitors are normally equipped with 
built-in discharge resistors which rapidly discharge the capacitors. 

The discharge time is 1 min. for high voltage capacitors and 30 sees, for 
low voltage capacitors, as specified by Swedish standards. 

Fig. 12 X 2255 

Dimensions in mm of high voltage power 

capacitor unit, 20 kVAr 

Fig. 13 x 8065 

Capacitor bank, 18 MVAr 
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LM Ericsson Exchanges Cut into Service 1957 
Exchanges with 500-line selectors 

Town 

Argentine 
Parana 
Rosario de Tala 
San Juan 

Bolivia 
Calacoto 
La Paz 
Sucre 

Brazil 
Aracajii 
Aracatuba 
Belem 
Brusque 
Campina Grande 
Campo Grande 
Campo Mourao 
Harare 
Joacaba 
Jundiai 
Mandaguari 
Nova Esperanca 
Piracicaba 
Sacramento 
S. Luiz do Maranhao 
Uberlandia 

Colombia 
Barranquilla 

» 
Bogota DE 

» 
» 
» 

Medellin 
» 
» 
» 

Finland 
Ekenas/Tammisaari 
Jyvaskyla 
Nokia 
Tuira 
Turku/Abo 

Iceland 
Hafnarfjordur 
Reykjavik 

» 

Italy 
North Italy 
Iesolo 
Monselice 
Oderzo 
Stra 
Verona 

E x c h a n g e 

Umarizal 

Estadio 
Sur 
Centro 
Las Cruces 
Muzu 
San Fernando 
America 
Bosque 
Centro 
Poblado 

Reykjavik II 
Grensas 

(extension) 
(extension) 
(extension) 

(extension) 
(extension) 

(extension) 

(extension) 

(extension) 
(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 
(extension) 
(extension) 
(extension) 

(extension) 
(extension) 
(extension) 

(extension) 

(extension) 

(extension) 

(extension) 

N u m b e r 
of l i n e s 

1500 
100 

2000 

200 
5000 

500 

] 500 
1000 
500 
500 

1000 
1500 

300 
100 
300 

3000 
200 
200 

2000 
300 

1000 
1500 

3500 
500 

2000 
2000 
1000 
3000 
3000 
1000 
4000 
1000 

500 
1000 
300 
500 

1500 

40 
3000 
3000 

200 
500 
500 
300 

4000 
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Town 

South Italy 
Agrigento 
Bari 
Caltanissetta 
Castellamare del Golfo 
Catania 
Crotone 
Formia 
Giarre Riposto 
Napoli 
Nocera Inferiore 
Potenza 
Rossano 
Termini Imerese 
Vibo Valentia 

Lebanon 
Beirut 
Tripoli 

Mexico 
Mexico DF 

» 
» 
» 
» 
» 
» 

Netherlands 
Rotterdam 

» 

Norway 
Grimstad 
Kristiansand S 
Kristiansund N 

Panama 
Panama City 

Peru 
Arequipa 

Sweden 
Boras 
Gavle 
Gothenburg 

» 
Halsingborg 
Jakobsberg 
Katrineholm 
Kiruna 
Kristianstad 
Koping 
Linkoping 
Skelleftea 
Stockholm 

» 
» 
» 
» 
» 
» 
» 

E x c h a n g e 

Vomero 

Peravillo 
Roma 
Sabino 
San Angel 
Saro 
Valle 
Zocalo 

Centrum III 
Zuid II 

Panama III 

Kalltorp 
Molndal 

Aspudden 
Huddinge 
Hasselby 
Lidingo-Villastad 
Malarhojden 
Rasunda 
Spanga 
Sundbyberg 

(extension) 
(extension) 

(extension) 
(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 

(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 

(extension) 
(extension) 

(extension) 

(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

N u m b e r 
of l i n e s 

2500 
3000 
1000 
400 

2000 
100 
600 

80 
4000 

200 
1000 

100 
800 

20 

3500 
6000 

500 
2500 
3500 

500 
1500 
2000 
1500 

9500 
3500 

1200 
500 
800 

500 

500 

2500 
1000 
2000 
1000 
2500 

500 
1000 
1000 

500 
500 

3000 
500 

1500 
1000 
1000 
1000 
1000 
1000 
1000 
1000 
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T o w n 

Stockholm 
» 
» 

Sodertalje 
Tumba 
Uddevalla 
Ulricehamn 
Uppsala 
Varnamo 
Viisteras 
Amal 
Angelholm 
Ostersund 

Turkey 
Ankara 
Edirnc 
Isparta 

Venezuela 
Barcelona 
Barquisimeto 
Porlamar 
Puerto la Cruz 
Rubio 
San Cristobal 
Trujillo 
Valera 

E x c 

Tureberg 
Angby 
Orby 

Kccioren 

l a n g e 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

(extension) 

(extension) 

(extension) 
(extension) 
(extension) 
(extension) 
(extension) 
(extension) 

Total 

N u m b e r 
of l i n e s 

1000 
500 

4000 
1500 
500 

1000 
500 

1000 
500 

I 500 
500 
500 

1500 

500 
500 
500 

1400 
3000 

600 
2400 

250 
2500 

300 
1400 

166690 

Public exchanges with crossbar switches 

Town 

A ustralia 
Melbourne 
Sydney 

Denmark 
Aalborg 
Aarhus 
Copenhagen 

» 
» 
» 
» 
» 
» 

Finland 
Helsinki/Helsingfors 

Porvoo/Borga 

Indonesia 
Solo 

E x c h a n g e 

Templestowe 
Sefton 

Syd 
Ballerup 
Br0ndby0ster 
Herlev 
Kastrup 
Naerum 
Ryvang 
Taastrup 

Haaga/Haga 
Herttoniemi/Hertonas 
Keskusta/Centrum 
Malmi/Malm 
Meilahti/Mejlans 
Pakila/Baggbole 
Sornainen/Sornas 

(extension) 

(extension) 
(extension) 
(extension) 

(extension) 
(extension) 
(extension) 

(extension) 
(extension) 

N u m b e r 
of l i n e s 

600 
600 

16000 
1000 
3000 
1000 
1000 
1000 
2000 
1000 
2000 

1000 
2000 
2000 
1000 
2000 
1000 
2000 
2500 

4000 
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