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Waiting Times when Traffic 
has Variable Mean Intensity 
C P A L M, 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 , STOCKHOLM 

102 

U.D.C. 519.2:621.395.34 

In automatic telephone plants it is customary to give the circuit and selector groups 

such capacity that blocking due to shortage of devices only arises in exceptional 

cases and so that waiting times caused by blocking are not long enough to incon­

venience the subscribers. In order traffic, of the kind existing in non-automatic or 

semi-automatic toll traffic installations, however, even very long waiting time is a 

normal occurrence owing to the fact that the circuit groups or the order position 

operators are occupied almost 100 per cent, at least during the busier parts of the day. 

In such case, the occurrence of waiting times is due, not only to temporary traffic 

peaks, but also to the possibility that the ordered traffic may in busy hours considerably 

exceed the maximum capacity of the circuits available. Such overload is often present 

withoui· interruption several hours a day and during these periods the waiting times 

are continuously increasing. In order to obtain a conception of the waiting time condi­

tions in such cases, the current waiting time formulae are, unfortunately, not applic­

able as these formulae anticipate that the traffic mean intensity is less than the maximum 

handling capacity. 

The present article presents a method for computation of the waiting times which is 

applicable to varying meon intensity in the traffic load and which is exceptionally 

suitable when the intensity exceeds the maximum handling capacity. Thus, the simple 

final formulae may also be employed for order traffic with prolonged periods of overload. 

In fixing the capacities of circuit groups and selector groups in telephone 
plants, one may at first use blocking and waiting time formulae derived on 
the assumption that the traffic varies at random around a constant mean 
value which has been present for such a long time that the traffic conditions 
show statistical equilibrium. The wellknown Erlang expressions arc examples 
of suc:h formulae. Unfortunately, these assumptions do not always agree with 
the properties of telephone traffic in practice. In more accurate computations, 
therefore, the mean value assumed as constant may be replaced by a mean 
value varying with time and around which the traffic at eac:h instant varies 
at random. Combining this starting point with certain assumptions regarding 
statistical equilibrium, we arrive at the theory for slow Pariatio11s i11 111ea11 
intensity. In certain cases, e. g., with overloads of the kind referred to in 
the introduction, even this theory becomes inadequate and one is then compelled 
to di scard the assumption of statistical equilibrium and to try instead to build 
up a theory for rapid variations in mean intensity. The basis for such a theory 
is presented in a previous paper by the author. 1 Unfortunately, when trying 
to apply these principles to waiting systems, the mathematical procedure be· 
comes exceedingly complicated; it has not so far been possible to put forward 
any exact solution. Nevertheless it is possible, by means of very elementary 
reasoning, to find very simple expressions for the waiting time Yalues desired 
- expressions which will give good approximate solutions in the case of 
heavy overload. The method as described below is, therefore, particularly 
applicable when making investigations concerning order traffic: with long 
waiting times. 

1 C Palm: •lntensitatssclnrnnkungen im Fernsprechverkehn . Ericsson Technics No-
44, 1943. See chap. 7. 

The Continuity Equation 

Let us consider the traffic conditions in a full-availability group compnsmg 
,,. devices (circuits or selectors) arranged in a waiting system under such con­
ditions that all calls ocurring when all devices of the group are occupied 
arc assumed to wait until they are handled in the group. Immediately after 
one of the group's devices becomes free it is used for handling one of the 
calls waiting, if any such call exists. The calls to the group are assumed to 
be distributed at random around a mean value which may be variable with 
time. This means that the probability of a call occurring between the instant T 
and the immediately following instant T + dT is expressed by y(T)dT and 
is further independent of the location of the previous calls. Vve may consider 
y ( T) as a known function of the time T. The assumptions made agree entirely 
with the properties of traffic: having intensity variations. Regarding the occu­
pation times for the calls, we assume that 1hey vary according to some distri­
bution function with a mean value s, which has no variation with the absolute 
time. \Ve introduce the following designations: 

1•( T) = the mean value of the number of occupied devices at the instant T · 
that is, the number of calls proceeding in the group . 

. Y ( T) = mean v,llue of number of waiting calls at instant T. 

Let us now consider the traffic conditions in the group during the time 
intetTal T, the beginning of which may be taken as zero point on the time 
scale. As all waiting calls remain until they are connected, the following 
must apply : 

The number of occupatio11s proceedi11g at tlte i11sta11t =era 
plus tlte 11u111ber of calls waiti11g at tlte i11sta11t =era 
plus tlte 1111111bcr of calls occurri11g up to i11sta11t T 

is equal to 

tlte 1111111ber of occ11patio11s ha11dled in tlte group -up to i11sta11t T 
plus tlte 1111111ber of occupatious proceedi11g at tlte i11sta11t T 
plus t!te 11u111ber of calls waiti11g at tlte insta11t T. 

(1) 

As this equation applies to the actual numbers of oc:c:upations and calls, it 
must also apply to the mean value of the same magnitudes. Thus, throughout 
( r) we may replace >the numben by >the average number>. The equation 
may then easily be expressed with the aid of the functions introduced above. 
The average number up to instant T of occurring calls is expressed by 

T 

j',y (t) dt 
0 

Further, it may easily be seen that the sum of all occupations handled m 
the group up to in~tant T is expressed by 

T 

I 11 (t) dt 
0 

As s is the average occupation time, r : s times the aboye expre,,~ ion will 
express the average number up to instant T of occupations handled in the 
group. From equation ( r ) therefore we obtain 

T T 

11(0) + N (o) + j:Y (t) dt =
1 

(11 (t) dt + 11(T) + N (T ) .. ...... (2) 
s. 

0 0 
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This relation may be called the co11ti1111it_v cq11atio11, as it giYes expression to 
the continuity in time of the traffic flow. The integrals in (2) may be 
described simply in the following manner. It is evident that 

T 

I 1• Y( T ) ~- y (t) dt . . ................. . (3) 
T• 

0 

expresses the mean value of the number of calls per unit of time during the 
interval from time zero up to T. Moreover it is seen that the dimensionless 

magnitude 

T 

I 1• IX. (T ) = - v (1) di ... ............... (4) 
nT 

0 

gives the average utilisation per device in the group during the time interval 

from zero to T. 

With the aid of the expressions (3) and (4) we may write the equation (2) 

in the form 

v (o) t- N (o) 
n 

T Y (T) = - TIX. (T) + 11 (T ) + N (T) . . . . . . (5) 
s 

It should be observed that the aboYe reasoning for derivation of the continuity 
equation is not mathematically binding. Space does not permit further analysis. 
However. on closer examination, it is found that the result is correct if the 
occupation times follow an exponential distribution function, while in other 
cases there is obtained a correction term. This, however, may be entirely 

ignored in further applications. 

Average Waiting Times 
In judging the waiting time conditions, we are at fir st interested in the average 
waiting time for a call occurring at the instant T. This may be designated in 
what follows as f/ii(T ). In judging the average waiting time conditions during 
a given interval of time, one is also interested in the average waiting time for 
all calls occurring between the instant zero and instant T. For this the de­

signation V,,JT) may be employed. 

Let L p(T) designate the probability that at instant T all devices of the group 
are busy and moreover that p (= o, I, 2, ... ) calls are waiting. The mean 
value of the number of waiting calls at the instant T, that is N (T), is then 

expressed, as may easily be seen, by 
CX) 

N(T) = LPLp(T) ................. . (6) 
p ~ , 

The probability of blocking prevailing at instant T, that is all devices are 
busy, no matter how many calls are waiting, may be designated R( T ). 

Obviously then 

00 

R(T) = LLp(T) .. .... . ............. (7) 
p ~ o 

Assume now that the waiting calls are handled in the order of their occurrence, 
which is of course customary in order traffic. A call that has p waiting 
before it in the queue will then obviously not be dealt with until p + I calls 
in the group have been terminated. As the average occupation time in the 
group is s and, as soon as there are calls waiting, the total number of calls 
proceeding simultaneously in the group is n, then the mean value of the 
time between the termination of one call and the next time a call in the group 
terminates should be s : n. As a call with p waiting before it must await P + 1 

such terminations of calls, then obviously its average waiting time will be 

(p+1)s:11. 

Now L p( T) represents the probability that a call occurring at the instant T 
finds all devices of the group busy and in addition has p waiting before it. 
The average waiting time for a call occurring at the instant T is then ex­
pressed by 

00 

T' 0 (T) = _: L(P+r)Lp(T) .............. (8) 
nP = o 

which with the aid of (6) and (7) may be written 

s 
l' 0 (T) =- IN(T) +R(T)} .............. (9) 

n 

Regarding this reasoning the following may be noted. If the occupation times 
follow an exponential distribution function, so that c - t:s represents the pro­
bability of an occupation lasting at least the time t, then the mean value of 
the remaining time of an occupation is always s, no matter how long the 
occupation has already lasted. In such case the reasoning leading to (8) is 
entirely correct. If on the other hand the occupation times follow another 
distribution function then the already past times of the calls proceeding at 
instant T will affect the result and (8) applies only approximately. From 
research 1 made earlier, however, it is found that this effect will have very 
little influence, especially for large groups, say n > 5 or 10. In practice, how­
ever, this source of error is of no importance. 

T o arrive at an expression for V,,,(T), that is the average waiting time for 
all calls during the time interval from zero to T, we may argue in the following 
manner. The probability of a call occurring at instant t is y(t) dt. The average 
waiting time for such a call is V 0( t). This evidently gives 

r 

f VO (1) y (t) d t 
0 

as mean value of the sum of all present waiting times during the interval 
zero to T. If we divide this sum by the sum of all calls occurring during 

this interval, that is according to (3) by T Y(T), we should arrive at V,,,(T). 
We then find 

T 

V ,,. (T) = T: (T)f V 0 (t) y (1) di .............. (10) 

\Vith the aid of the continuity equation (5) we may now eliminate N(T) 
from (9). We then get 

V 0 (T) = T{;Y(T)-IX.(T)} +;{R(T)-v(T)} +;{v(o) +N(o)}{Irf 

If we insert this in the right-hand part of (10), the result will include an 
integral of the form 

T 

ft Y (t) y (t) d t 
0 

Using the relation (3), it is possible to directly perform this integration and 
then obtain 

.:_ y2{Y(T)l2 
2 

1 See C Palm: >> Bidrag till teorin for vantsystem,>. Tekn. :.Wedd. fran Kung!. Tele­
grafstyrelsen, Specialnummer for teletrafikteknik, Stockholm 1946. 
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As final express ion for V 111 ( T ) we then get 

T 
I S 

F,,.(T) =--TY (T ) 
2 n 

I /' T y (T)• t rx (t) Y (t ) d t + 
a 

T 

+ ; T: (T)! { R (t)- 11 (t)}y (t) dt + ;{11 (0) + N (o)} .... (12) 

The Equilibrium Case 
Before considering more closely the simplifications that may be made in the 
formulae obtained for overloading, we shall deal briefly with the case where 
statistical equilibrium prevails and where, therefore, the wellknown Erlang 
results should be obtained. In waiting systems, as is known, statistical equi­
librium arises if both s and y have been constant for a long time (theoretically 
infinitely long) and if, in addition, s_,. < n. In such cases we obtain as may 

easily be seen 

y(T) = Y ( T) = :.\I 
11(T) = sy; a( T ) = sy: 11. 

Both (II) and ( 12) are then reduced to the following form that coincides 

with (9) 

s 
V 0 = V,,. = - {N + Rl .................. (13) 

n 

X and R are now constants. We may eliminate N by the following reasoning. 
As also the magnitudes Lp must now be constants, the sum of all waiting 

times in the interval zero to T are expressed by 

00 

LPLp•T 
p~ , 

which according to (6) is equal to T · N. The average number of calls during 
this interval is now yT. The average waiting time per call will then be 
TN: yT, or N : _v. The same average waiting time is expressed al so by (13). 

This relation then gives us 

sy 
N =- - R .................... (14) 

n - sy 

v\ 'e now obtain from (13) 

s 
l'0 = 1·111 = --- R .................. {r5) 

n - sy 

which is exactly Erla11g's wellknown formula for the average waiting time. 

It should be observed that the reasoning presented is correct only if N and )' 
are constant and do not vary with T. It is of course obvious that (14) cannot 

be correct in all cases, for example when s_v ~ 11. 

The Continuous Overload Case 

EYen if the initial condition, that is 11(0) and .V ( 0), as well as y(T) as 
function of T are considered to be known, the right-hand parts of (II) 
and ( 12 ) contain unknown functions of T and these cannot be exactly corn· 
puted by the elementary methods here used. For the case of continuing high 

overloads, however, this difficulty may be overcome, since the~e functions may 
with good approximation be replaced by constants relatiYely easy to estimate. 
With continuing overload, where we therefore always haves y(T) > 11, we may 
naturally expect that the group will constantly be almost fully occupied, which 
means that 11( T) has a value approaching n, say 11 11, which may be regarded 
as constant. In that case the magnitude a(T) will be constant and equal to 
11-11 : -n. At the moment we need only assume that it has a constant value a 11 

which is less or equal to 1111 : n. As regards the blocking R(T) this should 
always lie very near 1, so that we may put it as constant and equal to R0 which 
is smaller than or equal to 1. We may then therefore write (II) and ( 12) 

V 0 (T) = T{;Y(T) - rx. 0 } + ;{11(0) - 11 0} + ;{Ro + N(o)} .... (r6) 

and 

T 

V,n(T) =-- TY(T) - --" - ty(t)dt -f-IS !X. 1• 
2 n T Y(T)

0 

+ ; {v(o)- n0 } + ;{R0 + N (o)} ............ (I 7) 

These formulae allow of relatively simple numerical computations. If y(T) 
is obtained by measuring, then Y ( T) is conveniently computed by graphic or 
numerical integration. 

Overload with Constant Mean Intensity 

As an example of the application of the final formulae arriYed at we will 
discuss a simple case, corresponding to a question frequently arising in prac­
tice. Prior to the instant o, traffic equilibrium prevails in the group, so that 
there is a constant average utilisation a'= sy0 : 11, which is smaller than I. 

At the instant o there occurs a sudden rise in the traffic level, whereby a 
constant overload sets in. Thus one has y(T) = y, where sy > 11. As the initial 
condition we then have v( O) = na' and as per (14) 

rx.' 
N(o) =---,R 

1 - (X 

We then get from (16) 

V0 (T) = -- rx. 0 T +----- s - -rx.' (
sy ) s R 0 (1! 0 ) 

n n 1 - rx.' n 

and from ( 17) 

...... ( 18) 

I (sy ) s R 0 (110 ') V,,,(T) =- - - rx. 0 T +----, - s - -rx. ...... (19) 
2 n nr - rx. n 

In this form the formulae may easily be expressed in words. \Ve note that 

s R 0 

1-;- ~ rx.' 

1s equal to the average waiting time before overload began. i\Ioreover 

( no ') s -; -• (X 

obviously represents the reserve that the group on the ayerage displayed before 
overload began. As a 0 indicates the group's maximum grade of utilisation, 
which theoretically should be I but which, owing to technical conditions, is 
often somewhat lower, one may suitably call sy : n - a 11 the rclatfr•c overload 
of the group. 
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If we ignore the influence of the above mentioned reserve, we may read ( 18) 
thus: The increase in average waiting time at the instant T after the setting in 
of a constant overload is equal to T times the relative overload. The increase 
in average waiting time reckoned for the whole overload period \\'ill be half 

of this. 

As numerical example, let us consider a group of 20 devices, which before 
overload are loaded by 18 erlang, so that a' = 0.9. The m·erage occupation 
time may be 4 min. The load increases to 24 erlang after which it remains 
constant. '0/ e put a 0 = 1 and 110 = 11. The blocking before the overload R1> 

is approximately 0.5. 

From ( 18) we then get 

l 0 (T)= - -1 T +-----4(1 - o.9) = 0.2T + o.6 . (24 ) 4 0.5 
20 20 I - 0,9 (20) 

V 111 (T ) = o.r T + o.6 

After one hour, therefore, the average waiting time has increased to 12.6 min. 
The average waiting time for the whole hour is 6.6 min. 

C entralized Private Branch 
Exchanges 
E N I L 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. 62 1.395.26 

As a rule telephone switching systems for small organizations require a large number 

of exchange lines compared with the number of extensions needed and they are 

without exception expensive, particularly if they are to provide automatic connections 

with all the latest facilities 

L M Ericsson has now introduced a new centralized automatic branch exchange system, 

which is advantageous economically. and technically meets all telephone demands for 

small organizations. 

The centralized automatic branch exchange system may be applied to advantage in 

offices having up to 10 extensions, but under certain conditions it can also be em­

ployed in larger offices having 20 or more extensions . 

In the following article an account is given of the economy, design and traffic faci­

lities of a centralized automatic branch exchange. 

I. Introd uction 

A centralized automatic branch exchange (C. A. B. X.) is a telephone exchange 
common to a number of separate concerns, installed at the public exchange 
and forming part of the equipment of that excha11ge. Though the connecting 
devices are common to and accessible by all the extensions connected to the 
exchange, the new telephone system has in the main the same properties as 
small decentralized printte branch exchange~ installed on the subscribers' 
o,Yn premises. 

Each extension instrument and operator's instrument is connected to the 
C. A. B. X. by two-wire lines and instead of using press buttons or keys for 
distributi ng incoming calls and lamps for signals, the dial alone is used for 
operation and only audible signals are employed. Thus even blind persons 
may be employed as operators, which may be important in certain conditions. 

For incoming trurik call, the operator has the facility of breaking local calls 
and establishing the trunk call to the wanted extension. Both the operator 
and an ordinary extension may transfer incoming local calls to a waiting posi­
tion on a busy extension, provided the busy extension can take external traffic 
and is not restricted to internal calls. 

From extensions connecterl to the public exchange it is possible to make 
inquiry calls to all extensions belonging to the same C. A. B. X. subscriber. 
In conjunction with inquiry it is possible to make transfer to extensions that 
are open for public exchange traffic. 

As a certain number of extensions can always be reached direct from the 
public exchange no special devices for night service connection are required, 
especially as these extensions han the same facilities as the operator's in­
strument. 

109 



110 

The call indicating signals for the operator are: 

I. Slowly repeated ringing signal 
2. Rapidly repeated ringing signal 

Call 
Re-call 

3. Slow tick-tack signal } while call 
4. Rapid tick-tack signal is connected 

Local call waiting 
Trunk call waiting 

Guiding signals for operation are: 

I. Steady tone 
2. Slowly interrupted tone 
3. Interrupted short-long tone 

4. Rapidly repeated tone 

5. Rapidly repeated weak tone 
6. Repeated weak buzzing signal 

The manipulations of the dial are: 

Dialling tone 
Extension is unoccupied 
Locally busy. Waiting connection can be 
made 
Fully busy. \i',-aiting connection cannot be 
made 
Listening signal 
Heard after waiting and break prepara­
tion. Indicates that the connection in 
question is completed. 

I. One impulse initiates operator"s switching call, switches between called 
extension and calling public exchange subscriber and restores connection 
after switching to a busy extension. 

2. Two impulses cancel waiting or break preparation. 
3. Three impulses produce waiting or break preparation. 

Other manipulations are: 

r. Replacement of handset after operator"s call completes an incoming switch­
ing to extension. 

2. Replacing handset for an instant after uncompleted operator's switching 
call produces return to the public exchange subscriber. 

This simplified method of operation may on casual comparison with other 
wellknown methods be considered less rational, but owing to its simplicity it 
is in fact particularly easily carried out and can be learned in a very short 
time - especially as operation agrees in the main with the methods for in­
quiry and transfer of public exchange connections. 

The first practical application of thi s new telephone system was made by the 
Rotterdam Telephone Administration, who ordered a C. A. B. X. as early 
as 1940. The material was delivered during the war and was stored without 
suffering damage until the war was oYer, when assembly was at once put 
in hand. The first extensions were connected to the new system at the close 
of 1946 and now - November I94i - the exchange is fully occupied. 

The exchange has operated perfectly and fulfilled all anticipations in regard 
to thi~ unique system. Up to now it would seem that no similar telephone 
system is to be found in any other telephone administration throughout the 
world. 

II. Comparison between Centralized and Decentralized 

Private Branch Exchanges from the Technical and 

Economic Points of View 
The diagram, Fig. 1, shows how a C. A. B. X. and a normal P.A. B. X. are 
connected to a public exchange. It will be seen from the diagram that there 
are nothing but extension instruments in the offices of subscribers connected 
to the C. A. B. X. Trunk and local incoming calls are routed over separate 
trunks FITR or FIR, these being connected to the public exchange GVII, 
i. e., to the multiple of the final group selector. The outgoing traffic is routed 
over trunks FUR direct to the first group selector at the public exchange. 

~

GVT/ • GVTII 

r 

SN / 

SI 

,,.... 

P.A.B.X. 

Fig. 1 

C.A.B.X. and P.A.B.X. 

connected lo a public exchange 

P.A.B.X. 
A extension 
FDR- C public exchange line 
FMA operator's instrument 
FMR operator's equipment 
LY line finder 
S line finder 
SLY line finder 
SNR connecting circuit 

public exchange 

X 7453 

GY I, GY II group selectors for local traffic 
GYT I, GYT II group selectors for trunk traffic 
LY final selectors 
REG register 
REGT trunk register 
S line finder 

C.A.B.X. 
A1 operator's instrument 
A1 extension 

FIR incoming local traffic trunk 
FITR incoming traffic trunk 
FUR outgoing traffic trunk 
LVF final selector, transfer traffic 
LVI final selector, incoming traffic 
LVL final selector, internal and outgoing traffic 
REG register, local and outgoing traffic 
REGF register, operator's switching and inquiry 

calls 
SF 
SI 
SL 

line finder, transfer 
line finder, incoming 
line finder, internal 

SNI connecting circuit, Incoming traffic 
SNIR relay unit, connecting circuit 
SNF connecting circuit, switching and Inquiry 

traffic 

SNFR relay unit, connecting circuit 
SNLR relay unit, connecting circuit 

J 1 I IQ 
A, 

SNF 

F LVF 
-;;;;;;-- ~ 

I 
REG F 

0 
A2 

public exchange C.A.B.X. 

There are three different kinds of connecting circuits, S1VI, SNF and SXL. 
Over the first of these, all incoming traffic is routed and the final selector 
LVI is positioned under control of the public exchange register. The relay 
unit SN I R serves as operator's equipment, accessible to all subscribers con­
nected to the C. A. B. X. The connecting circuit SNF is employed as con­
necting device in dealing with incoming calls and for inquiry and transfer. 
The SNL connecting circuit is used for local connections in the C. A. B. X. 
and for outgoing calls to the pub I ic exchange. 

The operator's instrument employed is a normal automatic telephone instru­
ment A 1• For purposes of comparison a P.A. B. X. is shown connected to the 
public exchange by exchange lines FDR-C. These exchange lines are con­
nected in the public exchange to the line finder and final selector multiples S 
and LV in the same manner as ordinary subscriber's lines. Incoming calls are 
indicated at a special operator's instrument FMA and by means of this and 
the operator's equipment FNJR the selector SLV is set to the wanted exten­
sion. Outgoing traffic to the public exchange first occupies a local connect­
ing circuit in the P.A. B. X., but after the routing figure for outgoing call is 
received the connection is transferred to FDR-C over selector SLV. Internal 
connections occupy only the P. A. B. X. local connecting circuit. 

A. Technical Comparison 

1. Utilization of Connection Devices 

In a C. A. B. X. the connecting devices are used in common for a large 
number of subscribers, the total traffic of which is so averaged that almost 
full utilization may be attained. If the traffic demands increase, the exchange 
may be enlarged by adding the requisite number of connecting devices. 
Thus the C. A. B. X. need only comprise the connecting devices necessary for 
the traffic. 

Connection of new extension lines requires only a small number of reserves 
of line relays and cut-off relays, as these may be used for any of the sub­
scribers connected to the centralized equipment. 

Small P.A. B. X. are constructed for a definite number of extensions, con­
necting circuits and exchange lines. In these therefore there may often be 
unutilized line and extension equipments. 

C. A. B. X. extensions which are likely to be used as operator's instruments, 
must be connected to the LVI multiple and very few reserves are required 
for this purpose. Other extensions for the same subscriber need not be con­
nected consecutively to the LV I multiple. 
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The exchange lines of a P.A. B. X. must usually be connected consecutively 
to the final selector multiple in the public exchange. To allow for possible 
increase in traffic, reserve positions of each P.A.B.X. must always be present. 
There will thus always be unutilized multiple space in conjunction with the 
connection of P.A. B. X. 

The circuits, SN!. can be connected to the operator's instruments Ar of sub­
scribers to two or three C. A. B. X. The number may therefore be restricted 
to existing traffic requirements. Corresponding cleYices FJlIR including the 
special operator's instrument for a P.A. B. X. are required separately for 
each subscriber. 

2. Availability 
In the C. A. B. X. the arnilahility for incoming and outgoing calls is de­
termined by the number of trunk circuits and connecting circuits. Augmenta­
tion of these means increased availability for all subscribers connected to the 
C. A. B. X. 

The number of connecting devices for each C. A. B. X. is so large that a 
subscriber can practically always establish the call connection wanted from his 
own off ices. Similarly the number of trunks between the centralized equip­
ment and the public exchange will be so large that a subscriber will probably 
never be barred for co11uectio11 with the public excha.nge. 

In the C.A.B.X. incoming calls need never wait for a11swer from an operator's 
instrument. If the ordinary operator's instrument is busy or blocked, the call 
proceeds automatically to the next instrument connected in the LVI multiple 
for the subscriber in question. All these instruments have exactly the same 
switching facilities as the ordinary operator's instrument. 

Any of the extensions may he given facility of direct traffic with the public 
exchange, by connecting the line to the LVI multiple. Direct incoming traffic 
to the extension means relief of traffic to the operator's instrument, and also 
quicker and more convenient connection for the calling outside subscriber. 

In small P.A.B.X. the availability is determined by the number of connecting 
circuits and public exchange lines, which number for financial reasons is 
usually inadequate. The operator's instrument F11I A is distinct, so that switching 
can be clone only from that instrument. With a rush of traffic therefore there 
is delay in answering and switching. 

In the small P.A.B.X. the number of night service connections is limited to 
the number of public exchange lines. In the C.A.B.X. there is no limit in 
thi s respect, because a subscriber may have all hi s extensions connected to 
the LVI multiple. 

3. Grade of Service 
Jn a C.A.B.X. a subscriber will never be barred for auy length of time owing 
to fault in the exchauge. Total interruption of operation can never happen, 
whereas this may take place in a P.A.B.X. 

The operation of the C.A.B.X. opt>rator's instrument is simple in comparison 
with that for incoming calls to a P.A.B.X. 

The trunks FIT R for trunk traffic allow of special indication, so that the 
operator may devote special attention to calls over these circuits, having special 
facilities if required. 

Similar indication for exchange lines to a P.A.B.X. is not usually possible. 
Thus the operator has no special facilities in respect of trunk calls. 

The regi-ter REG. Fig. r, in the C.A.B.X . can register numbers both for the 
local connections and for connections to the public network. Outgoing routing 
figures and wanted subscriber numbers may thus be taken in their order. 

Consequently connections to numbers in the public exchange take shorter time 
than corresponding connections over a P.A.B .X. 

4. Power Supply and Space Requirements on the Subscriber's Premises 
As the C.A.B.X. is installed at the public exchange, the exchange power plant 
may be used. Thus no space need be provided by the subscriber either for 
power plant or for connecting devices. 

A P.A.B.X. takes up space on the subscriber's premises. It also requires for 
each switchboard a battery with charging device or a mains supply unit. 

5. Maintenance and Fault Location 

The maintenance of the C.A.B.X. is comprised in that of the public exchange 
and thus call s for no extra staff. The maintenance of the separate lines and 
instruments is looked after by the regular maintenance staff of the network. 

For fault location in the C.A.B.X. the testing and measuring instruments of 
the public exchange are available, enabling faults to be cleared at any time 
of the clay without disturbing traffic. 

The maintenance of small P.A.B.X. requires separate staff specially trained. 
Any faults arising cannot in most cases be cleared immediately or without 
interruption of traffic. 

Moreover the better maintenance facilities and more appropriate premises 
ensure longer life for the C.A.B.X. than for the P.A.B.X. 

6. Circuit Network 

Each extension is connected to a C.A.B.X. by two-wire lines. Nevertheless 
this does not involve any appreciable increase in the number of lines compared 
with a line network of a P.A.B.X. for the category of subscribers concerned. 
In the decentralized system the number of exchange lines required will often 
be almost as large as the number of extensions. 

Subscribers with extensions in a building apart from the main subscriber 
instrument may more conveniently be connected to a C.A.B.X. Two lines are 
requirerl and both instruments will be ordin,try automatic im,truments, fully 
equal as regards traffic. 

The number of lines for a main instrument with extension in another building 
is usually three. 

B. Economic Comparison 

The better utilization of the connecting devices provided by the C.A.B.X. 
means that fewer connecting devices are required than for an equivalent plant 
made on the decentralized system, which means a saving of installation costs 
with the new system. 

The relay equipments for inquiry and transfer are provided on the trunks FUR. 
FIR and FITR, Fig. 1, common for the C.A.B.X. 
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Corresponding equipments for P.A.B.X. are required on each exchange line. 
The total number of these considerably exceeds the number of trunks for 
the C.A.B.X. 

The outgoing trunks FUR, Fig. 1, may be connected direct to the group 
selector GV I at the public exchange. This saves the line finder at the public 
exchange. 

Calls from a P.A.B.X. over exchange lines must take place over line finders. 
If direct connection were made between exchange lines and a group selector 
the number of these would be so large that the cost would be higher than with 
line finders. 

The connecting circuit SN ! corresponds to the operator's equipment FMR of 
the P.A.B.X. This FMR is required for each subscriber, whereas SN/ is only 
necessary in the required number, this representing an economic advantage 
for the new system. 

Increased availability and grade of service in the C.A.B.X. mean economic 
advantages for both telephone administration and for subscribers. 

The elimination of individual power supply for each subscriber clue to the 
introduction of the C.A.B.X. system also means considerable saving both in 
cost and in other respects. 

The space taken up in the public exchange by the C.A.B.X. involves extra 
expense for the telephone administration, but this is many times compensated 
by the lower maintenance costs. Elimination of the need for space on sub­
scriber's premises is a benefit to the subscriber. 

The extended line network for the C.A.B.X. represents an extra expense for 
the telephone administration, but this is compensated by the less expensive 
terminal equipments of the lines to the new system. Thus the relay equipments 
for the extension circuits consist only of line and cut-off relays, whereas the 
exchange lines for decentralized P.A.B.X. have relay equipments F DR-C in 
the P.A.B.X. switchboards as well. These latter equipments will be expensive 
if the exchange lines are to have inquiry, transfer etc. facilities. 

From the above it will be seen that both installation and maintenance costs 
of a C.A.B.X. for subscribers with few extensions and relatively large public 
exchange traffic are much more favourable than the corresponding costs of 
a P .A.B.X. system for this category of subscribers. 

Where the economic boundary lies between centralized and decentralized 
P.A.B.X. requires investigation for individual cases. To sum up it may be 
stated, however, that on the credit side of the centralized P.A.B.X. are: lower 
installation cost, lower 111ai11tena11ce cost, better grade of service and longer life. 
Against these we have on the debit side increased line costs. 

Ill. Principle of Lay-out 
The diagram, Fig. 1, shows in outline how the centralized P.A.B.X. built in 
Rotterdam is laid out and how it is linked with the telephone system of the 
public exchange. In this case a number of adaptations have been made, which 
arc by no means standard. The double clearing signal control for disconnection 
of speaking connections as applied at Rotterdam, for example, may without 
inconvenience be altered to the clearing system desirable for each particular case-

All line fi nder,- and final selectors with multiples connected to the telephone 
instruments are LM Ericsson's machine-driven 500-line selectors. The line 
finders SI and SF whose multiples are connected to trunk circuits have 
250-line multiple capacity, but otherwise are of the same design mechanically 
as the standard 500-line selector. 

The line finders SI and SF are 9-point, the final selectors LVI and LVF 
are 5-point and the line finder SL and final selector LVL are 4-point. For 
all line finders and for final selector LV I there is in addition a contact band 
(cl-contact) for the rotary movement. 

The registers REG for the local and outgoing traffic include both the local 
and the public exchange number series and they direct both local connections 
and the connections in the public exchange. 

The registers REG F are only employed for dealing with incoming traffic and 
for inquiry traffic. These registers only receive local numbers, which are 
three-figure in the series I 40-599. Two multiple frames in L V L are reserved 
for connection of trunk circuits FUR for outgoing traffic to the public ex­
change, which means that the number of extensions in a centralized P .A.B.X . 
cannot be more than 460. These 460 extensions have common access to the 
connecting circuits SNL and SNF and to the outgoing trunk circuits FUR. 

In general the extensions are divided into two categories .-1 I and A.2. The 
first of these is connected in all final selector multiples. In the LV I multiple 
this category has a call number included in the public exchange number series. 
These extensions may therefore be called direct from the public exchange and 
may therefore act as operator's instruments, this being possible throughout 
the day and night. Special devices for night service connection are therefore 
not required. From this it will be seen that a subscriber has at least one 
extension connected to the LVI multiple and that LVI is equivalent to an 
ordinary final selector in the public exchange. 

The extension group designated by A2 in Fig. r is only connected in the local 
multiples LVL, LVF and SL. Consequently these extensions may only be 
called by numbers in the three-figure series and cannot receive direct in­
coming call from the public exchange. 

As regards traffic with the public exchange there are >open> and >barred> 
extensions. An extension may be barred for outgoing traffic only, for incoming 
only or for traffic in both directions. 

Extensions belonging to the category AI are usually >open> for both in­
coming and outgoing traffic. In the A2 group there may be need for barring 
in one form or the other. A barred extension can always receive inquiry call. 

Though the final selectors have a range of 460 extensions, only those exten­
sions belonging to one subscriber can obtain direct communication with each 
other over the C.A.B.X. This applies to local, operator's and inquiry calls. 

For a group of extensions belonging to one subscriber there is only one call 
meter, which records all call connections going out from that subscriber's 
extensions. 

As only part of the extensions are connected in the LV I multiple, one 500-line 
group in LVI may correspond to two and possibly three C.A.B.X. with 460 
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Fig. 2 X 6298 

Inside of equipment room 

with rows of racks each comprising racks for 
line finders, connecting circuit relay sets and 
final selectors 
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extensions in each. The incoming trunk circuit- FIR and FITR recei\'<'. ~pccial 
indication in LT 'I so that the switching call is automatically routed to the S.\'F 
group that can reach the wanted extension. Thus the trunk circuits FIR and 
FIT R and the connecting circuits S.\T I R cxi,t in groups fur incoming calb 
to two and possibly three C.A.B.X. 

IV. Mechanical Construction 

A. Racks 
The mechanical construction of the racks is adapted to the principle of the 
system. The connecting circuit racks consist of bay~ for local connecting 
circuits SXL, for operator's and inquiry connecting circuits S1\'F and for 
connecting circuits for incoming traffic SN I, in full agreement with the dia­
gram of Fig. I. 

Each such set of racks, sec Fig. 2, consists of a rack for line finders. one for 
final selectors and one for the connecting circuit relay sets. Vertically the 
relay sets take up twice as much space as their selectors and they are there­
fore mounted on either side of the relay rack, \\'hich has odd connecting circuit; 
at the front and even connecting circuits at the hack . The capacity of the rack 
may be 50 or 60 connecting circuits according to the ceiling height of the 
public exchange. 

The arrangement with the relay rack between the selector racks allo11·~ of 
direct connection by the selectors' plugs to jacks mounted at tl:e emb of the 
racks for connecting circuit units, see Fig. 3. Thus when fitting EO cabling 
is required l;et\\'een these relay racks and the ~elector racks. 

Fig. 3 X 6299 

Set of racks 
co mprising, at left, line finders; centre, connect­
Ing circuit relay sets; right, final selectors 

Each connecting circuit unit has a plug contammg outgoing circuits to re­
gisters, together with signal circuits, etc. These plugs are inserted in jacks 
in the relay rack, whence cabling is provided to the registers and to the distri­
bution block for signal circuits. Four connecting circuits are connected by 
fixed cabling to one register. The outgoing cabling from SN I R carries only 
signal circuits. This arrangement gives the smallest possible number of soldering 
points and in consequence simple fitting and decreased possibility of fault due 
to poor soldering. 

The registers for local and outgoing traffic are of the same construction as 
the public exchange registers and are mounted in racks with them. The line 
ec1uipments for extensions, consisting of a standard line and cut-off relay, are 
mounted in rack units for 240 extensions. The relays are joined by fixed 
cabling to a separate distribution frame, Fig. 4, where the cabling from the 
selector rack multiples is also terminated. In this distribution frame the cha­
racter of the extension is determined: if it is open or barred for traffic with 
the public exchange, if it is to have facility of direct traffic with the public 
exchange. if it is to serve as operator's instrument etc. 

In accordance with the principle of construction, for one fully fitted set of 
racks for incoming connecting circuits there may be two or three sets of racks 
with local connecting circuits SNL and an equal number for S_VF. In addition 
there are racks for 2 X 460, or 3 X 460 line equipments for extensions. 

Other connecting devices for trunk circuits FUR, FIR, FITR and REG F 
arc mounted in plug-connected units in separate racks. 

B. Selectors and Connecting Devices 

To adapt the 500-line selectors to the special character of the system and to 
the rational arrangement of the connecting circuit racks, certain departures 
have been made from the standard design of the selectors. Thus all line finders 
are provided with 30-point plugs, the flexible cords of which are on the right­

Fig, 4 x 4520 hand side of the selector. The final selectors' 30-point plugs are on the left-
Distribution frame 

•• 
hand side of the selector. 
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Fig. 5 X 7456 

Selector and relay unit for one connecting 

circuit 
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The relay units for the connecting circuits are specially adapted for fitting 
with the selectors. Each unit occupies 70 mm vertically, i. e., twice the space 
for a selector. Fig. 5 shows selector and relay unit for one connecting circuit. 

The register units REG are of LM Ericsson's standard mechanical construction. 
The register units REG F consist of step-by-step driven, rotary selectors with 

necessary relays. 

The other relay sets FUR, FIR and FIT R are fitted on frames, with space 

for 2 X 13 or 3 X 13 relays. 

All relay units have covers at front and back as protection against dust and 

to the extension corresponding to the number, which is called by repeated 
ringing signal, the ringing tone being heard by the calling extension. 

If an internal call connection is cut by the operator's instrument in conjunction 
with call to one of the speakers, the extension cut off receives busy tone. 

B. Outgoing Traffic 
Outgoing traffic is connected over the SN L connecting circuit and over a free 
trunk circuit FUR direct to the public exchange group selector CVI. 

When the calling extension has received dialling tone from the centralized 
P.A.B.X.'s register the routing figure o is dialled. L V L is directed to the first 
or the second multiple mat and a free outgoing trunk circuit, FUR, is hunted. 

Immediately after dialling the figure o, fresh dialling tone is received in the 
register. This tone corresponds to the public exchange dialling tone. The 
wanted exchange subscriber's number is now dialled and the exchange con­
necting devices are actuated in the usual way. When the connection is estab­
lished, the register is disconnected from the connecting circuit. The line branches 
in the connecting circuit are connected through and the extension receives 
transmitter feed from the trunk circuit FUR. 

mechanical damage. j
1 

If the handset is replaced before answer, restoration takes place at once -
without call metering. For calls answered, call metering takes place after 

Relays and selectors all have twin contacts. 0 double clearing signal and disconnection. 

V. Power Supply 
The C.A.B.X. is made for the same working voltage as the public exchange, 
i. e., 24 V, with tolerated variation in voltage from 22 to 28 V. Thus no 

separate power plant is required. 

The resistance of the extension lines may not exceed 1000 ohms and the 

leakance resistance may not be below 20000 ohms. 

VI. Installation 
The installation of a C.A.B.X. is done in the same way as with similar racks 
for ordinary public exchanges built on LM Ericsson's 500-line system. 

The detachable connecting devices are delivered separately and are fitted by 
easy insertion in their places in the racks, with fixing screws to hold them 
in place. By supplying the relay sets separately, di sturbance of adjustment 
during transport is kept down to a minimum. Thus there is no need for tedious 

testing work before starting up the C.A.B.X. 

VII. Functioning and Traffic Facilities of the C.A.B.X, 

See diagram, Fig. 1. 

A. Internal Traffic Between Extensions Belonging to the Same 

Subscriber 
On call from an extension, connection is made over finder SL, SN LR to the 
register REG. Dialling tone is received and, when the wanted three-figure 
number has been dialled, LV L - controlled by the register - is positioned 

If an outgoing speaking connection is broken by the operator in connection 
with incoming call to the extension, busy tone is transmitted to the cut off 
exchange subscriber. Call metering takes place. 

C. Local Incoming Traffic 

The local incoming traffic goes over CV II or the last group selector in the 
public exchange, over incoming trunk circuit FIR and line finder SI to a 
connecting circuit S N I. The final selector LV I is actuated under control of 
the public exchange register. 

For incoming calls the following cases may arise. 

1. Operator's Instrument is Unoccupied 
The exchange hears ringing tone while the operator's instrument is called by 
repeated signals. After answer the restoration of the connecting circuit SN I 
and the trunk circuit FIR is controlled by double clearing signal. 

2. The Operator's Instrument is Busy 
The exchange subscriber hears ringing tone and at the same time »tick-tack» 
s ignals are transmitted to the conversation proceeding. This announces to the 
operator that an incoming call is waiting and that the conversation or operation 
that is proceeding must hurry up. 

If the operator terminates the conversation or operation, testing and ringing 
take place from SN! immediately the operator's instrument comes free. 

If the exchange subscriber replaces the handset before answer, restoration of 
S N I and FIR takes place and the warning signal ceases. 
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3. The Operator's Instrument is Fully Busy 
An operator's instrument is fully busy if it has a local call connection plus 
a waiting call or if it is trunk busy. 

In these cases the exchange subscriber receives busy tone. No testing can 
take place to the operator's instrument in conjunction with the call. SN! is 
restored when the exchange subscriber replaces the handset. 

4. The Operator's Instrument is Blocked 
The exchange subscriber receives ringing tone. After about 30 s the blocking 
connection is cut off and the operator's instrument is rung. 

5. The Operator's Instrument is Marked Unattended 
By breaking the line branches at the telephone instrument the operator's 
instrument is marked unattended. In that case the final selector LVI goes 
direct to the next position in the multiple mat where an extension belonging 
to the same subscriber as the operator's instrument is connected. If this exten­
sion is free, testing and ringing is done in the normal way. This extension 
ha~ the same facilities as the operator's instrument and can therefore serve 

as such. 

Should this instrument also be marked unattended, the final selector continues 
its radial movement till it comes to an attended extension for the subscriber 

in question. 

6. Operator's Instrument is Marked for Passing on 
If the operator's instrument is free, testing and calling are done in the usual 
way. If, however, it is busy, LVI moves automatically to the next position in 
the multiple where the instrument there connected is callee\. Should this also 
be busy LV I continues its radial movement until it finds an attended free 
extension for the subscriber concerned. 

7. The Subscriber's Highest Exchange Number in Series with the Operator's 
Instrument Number is Called or Connected to LVI In One of the Above 
Ways 

If there is line interruption on the line branches for such an extension, this 
has no effect on LVI. The final selector in any case stops at the position 

for this extension. 

D. Handling of Local Incoming Traffic 

The handling of local incoming calls is initiated by an impulse on the operator's 
instrument dial. FIR is then switched over so that the operator's instrument 
is clisconnectec\ from the incoming connection. 

In the group of the centralized equipment dealing with the operator's instru­
ment there is started line finder SF belonging to free connecting circuits SNF 
with free registers. \,\/hen a line finder comes to the multiple mat marked by 
FIR for call, testing takes place and all line finders stop their rotary move­
ment. The finder now connected to the multiple mat changes to radial move­
ment and hunts the call-marked multiple position. The operator's instrument 
is connected to REG F where dialling tone is received. The wanted 3-figure 
extension number is dialled and signal is awaited. The operator may now meet 

the following cases : 

1. Extension is Free and Open for Incoming Traffic 
\\1hen final selector LV F is set to the wanted extension, the operator receives 
ringing tone, while the extension is called by repeated ringing signals. 

·when the call is answered, the operator by means of one impulse of the dial 
at a time may alternate between the called extension and the exchange sub­
scriber. If the extension replaces the handset while the operator is in con­
nection with the exchange subscriber, SN F is restored and the extension dis­
connected. If the operator then dials one impulse, fresh operator call is obtained 
and dialling tone is received from REG F. 

a. Co1111ection is Established after A11swer 

If the operator replaces the handset after recetvmg answer, connection is 
immediately established between the exchange subscriber and the extension 
rung. Provided the called extension keeps the handset lifted, the connection is 
established whether the operator on laying clown the receiver is in connection 
with the extrnsion or with the exchange subscriber. 

The connection thus established is made over connecting circuit SNF and FIR. 
The occupied connecting circuit SN! was liberated when the connection was 
transferred to the wanted extension. 

b. Co1111ection is Established Before A11swcr 

Connecting of an incoming call can be clone without the wanted extension 
having answered the operator's call. If the operator puts down the handset 
immediately on hearing ringing tone, the operator's telephone instrument is 
released, but the connecting circuit SN I remains connected to FIR and awaits 
possible call back in case the call is not answered within a certain interval. 

During the time the extension is being rung the exchange subscriber hears 
ringing tone. When the extension answers the call the operation is completed. 
Connection is established and the connecting circuit SN! is restored at the 
same time. 

2. The Extension is Busy but Open for Incoming Traffic 
The operator receives »locally busy> tone, consisting of repeated short-long 
tone signals. 

Return to the exchange connection is made by one impulse of the dial. This 
reconnects the operator with the exchange subscriber and at the same time 
the connecting circuit SN F occupied by the operator's call is restored. 

Instead of return by one impulse the operator may dial three impulses to 
prepare waiting connection by returning to the exchange subscriber. The 
operator is then re-connected to the calling subscriber and at the same time 
a faint droning signal indicates that the waiting connection can be established. 

The connecting circuit SN F occupied by the operator's call remains connected 
and the waiting connection is established when the operator replaces the re­
ceiver. If the busy extension comes free after preparation for waiting there 
is immediate testing in S1\·F, but no ringing signal is transmitted as long as 
the operator is speaking with the exchange subsrriber. 

The waiting signal goes over to ringing tone which informs the operator that 
testing has taken place. If the operator replaces the handset, ringing signal 
goes out to the extension connected over SNF and when the call is answered 
the connection is established, SN I being then restored. 

In case the called extension becomes free after preparation for waiting, the 
operator has the facility of getting into connection with the extension before 
the switching is completed. If one impulse is dialled at the time the signal is 
changed to ringing tone, the operator comes into connection with SNF and 
at the same time ringing signal is transmitted to the extension. When the call 
is answered, the usual connection with the operator is obtained. 

In cases where the preparation for waiting has been executed but the exchange 
subscriber wants instead to have connection to another extension, the waiting 

121 



122 

is cancelled by two impulses on the dial. SN F is then restored and the operator 
comes into normal connection with the exchange subscriber. Fresh operator's 
call can then be made and the extension now wanted is called in the usual way. 

3. Extension is Fully Busy 
If the operator's call goes to a fully busy extension the operator receives busy 
signal consisting of buzzer impulses rapidly repeated. There then can be no 
testing in conjunction with the call and restoration must be made by one 
impulse. The operator then comes into normal connection with the exchange 
subscriber and SNF is restored. 

An extension that is barred for traffic with the public exchange can never be 
fully busy for inquiry call from the operator. 

4. Ca/I-back to the Operator's Instrument 
Call-back over SN! to the operator's instrument can be obtained after a certain 
interval or immediately. 

a. Call-back after a Certain Interval 

If the operator connects before answer to an unoccupied and non-barred ex­
tension and answer is not received within about I min., call-back to the ope­
rator's instrument takes place over SN!. If this instrument is not busy the 
exchange subscriber still hears ringing tone but rapidly repeated ri11gi11g signals 
indicate the special character of the call-back. 

If the operator's instrument is busy or special marked otherwise, the call-back 
must either wait or the next instrument in the LVI multiple is called in the 
same way as with the direct incoming call. 

After waiting connection to busy and non-barred extension, call-back is ob­
tained in the same way to the operator's instrument if the call passed on has 
not been answered in about I min. after the operator replaced the handset. 
This means that the extension must be free and answer the waiting call within 
that interval for the connection switched by the operator to be completed. 

b. Immediate Call-bacll 

If the operator replaces the handset after call to busy extension when repeated 
short-long busy signal is heard without making waiting connection, then call­
back takes place at once. In the same way, in all circumstances, there is 
obtained direct call-back when the operator tries to connect to fully busy 
extension or to extension barred for incoming traffic. 

5. Uncompleted Operator's Caf/ 
The operator may interrupt an uncompleted call by replacing the handset for 
a moment. The connecting circuit SN F occupied by the call is restored and 
when the handset is again lifted the operator is in connection with the exchange 
subscriber. Fresh operator's call can be started in the normal way. 

6. Connecting Waiting Calls 
If the operator hears »tick-tack» signals while occupied with a call, this means 
that call to the operator's instrument is waiting. The operator may then 
interrupt the switching she was engaged on and deal with the waiting call. 

When »tick-tack» signals are heard the operator makes inquiry call to her 
own number, receiving then definite busy tone. If the handset is then put 
down the waiting call is connected in and the operator's instrument is rung. 
The operator's interrupted connection is re-connected and calls the operator's 
instrument when the previously wanted call has been dealt with. 

E. Trunk Traffic 
The trunk traffic passes over special group selectors, GV TII, Fig. I, in the 
public exchange and over special trunk circuits FIT R in the centralized 
P.A.B.X. LVI is the last selector directed from the trunk exchange. 

The various connecting processes in relation to the operator's instrument are 
directed by the connecting circuit SN I in the same way as fo r incoming call 
over FIR. In accordance with this, the line branches for LVI are through­
connected to FIT R where the final testing and blocking control is carried out. 

For incoming trunk traffic the operator's instrument is connected in much 
the same way as for local incoming call. The special processes for trunk call 
arc as follows: 

1. Operator's Instrument is Unoccupied 
The trunk exchange receives through-connected signal which actuates fixed 
light clearing signal lamp at the trunk operator's position. When ringing signal 
is sent out from the trunk exchange, this is repeated in FIT R direct to the 
operator's instrument, which in this case is trunk (i. e., fully busy) marked. 
After having connection with the trunk exchange the operator's instrument 
may be liberated by replacing the handset. Nevertheless the connection remains 
over FIT R and SN I as long as the trunk exchange has not disconnected. 
Fresh testing and call is obtained as soon as ringing signal is sent out. The 
trunk operator therefore has the facility of preparing a trunk call without 
thereby blocking the operator's instrument. 

2. The Operator's Instrument is Busy 
The trunk exchange receives through-connected signal in the same way as 
with call to unoccupied operator's instrument. In the speaking connection pro­
ceeding there is heard rapid »tick-tack» signal, indicating that trunk call is 
waiting. There is no facility for the trunk operator to connect in or break 
the connection. Ringing signal from the trunk exchange is not repeated until 
the operator's instrument is free and the trunk connection made. 

3. The Operator's Instrument is Fufly Busy 
The trunk exchange receives special completed signal, causing flashing in the 
clearing signal lamp. At the same time the trunk operator hears fully busy 
tone. No testing to the operator's instrument can take place in connection 
with the call. When disconnection is made in the trunk exchange, S.V I and 
FITR are restored. 

4. The Operator's Instrument is Blocked 
The trunk exchange receives completed signal but ringing signals are not 
repeated until after app. 30 s, when the blocking connection is automatically 
disconnected from FITR. 

F. Switching of Trunk Calls 
Switching of trunk c:i.lls differs somewhat from the handling of local incoming 
calls. The following cases occur: 

1. Extension is Free and Non-barred for Trunk Traffic 
The operator's switchings when handling trunk call are the same as for local 
incoming call. If, however, attempt to connect through is made before the 
called extension answers the call, there is immediately call-back ringing to 
the operator's instrument. 
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2. The Extension is Locally Busy and Non-barred for Trunk Traffic 
On operator's call to locally busy extension the operator is directly connected 
in on the call proceeding. At the same time listen i1~g-in tone is transmitted, 
audible to all three parties. 

If breaking of the call is permissible, the operator prepares for this by dialling 
three impulses. This puts the operator in connection with the trunk exchange 
while repeated faint droning signals indicate that preparations for breaking 
are completed. 

If then the operator replaces the handset, disconnection of the wa1tmg exten­
sion's previous call occurs and the trunk connection is established. SN! is 
restored and the operator's instrument is disconnected. The subsrriber cut off 
hears busy tone. 

If the called extension comes free while the operator i, preparing break, 
testing takes place in SNF, but no ringing signal is transmitted. The repeated 
drone signal, however, changes over to ordinary ringing tone. In order to 
establish the connection, the operator in thi s case must return to the SN F 
connection. In this way ringing of the extension is obtained and when answer 
is received the connection can be established. 

If the trunk exchange does not want the call in process to be broken or if 
the operator for some other reason wants to cancel the preparation for break, 
this is done by dialling two impulses. SN F is then restored and the operator 
comes into normal connection with the trunk exchange. 

3. Inquiry Call to Barred Extension 
In conjunction with trunk call it may happen that the operator requires to 
make inquiry to a barred extension. 

If the barred extension is free, the operator obtains connection in the normal 
manner. Return is done by one impulse and when the called extension lays 
down the handset SNF is restored. 

In the event the extension is busy, the operator is directly connected in on 
the call proceeding, listening-in tone being connected at the same time. Return 
to the trunk connection is clone by one impulse, after which SN F is restored. 

No transfer of the trunk call to the barred extension can be made in any 
circumstances. 

4. Ca/I-back 
Call-back over SN I to the operator's instrument takes place in the same way 
as similar call-back with local incoming calls. Testing, supervision and ringing 
arc clone from the SN I connecting circuit and it is only when the call-back 
is answered that through connection to FIT R is obtained, the operator's instru­
ment being then also marked trunk busy. 

G. Inquiry and Transfer 
Repeated inquiry and transfer may be made for all connections with the public 
exchange. For these, more or less the same connecting operations are used 
as those carried out by the operator when dealing with incoming calls. Only 
the SN F come into service for this traffic. 

1. Inquiry and Transfer with Local Incoming Exchange Connection 
The inquiry call is initiated by dialling one impulse. This switches over tht 
FIR unit so that the extension obtains connection over the line finder SF, 
S.VFR to a register REG F. Dialling tone is hea•rcl and the wanted number 

may be dialled. 

a. Inquired Exte11sio11 is Free 

L V F is set to the position corresponding to the number dialled, the register 
then being released. The inquirer hears ringing tone, while the inquired ex­
tension is called by repeated ringing signals. The inquirer may return to the 
exchange connection by one impulse. If return is made before answer, SNF 
is restored. 

If the inquiry call is answered, the inquirer can, by dialling one impulse, 
alternate between the extension and the public exchange connection. If the 
inquired extension replaces the handset while the inquirer is in connection 
with the exchange, the SN F occupied by the inquiry call is restored. 

b. Inquired Exte11sio11 is Busy 

If inquiry is made to a locally busy extension, the inquirer receives local busy 
tone, i. e., repeated short-long buzzer tone. If return is made by one dial 
impulse, the SNF connecting circuit used for the inquiry call is restored and 
the inquirer obtains normal connection with the exchange subscriber. 

On inquiry to fully busy extension, the inquirer receives fully busy tone, 
i. e., tone signals rapidly repeated. Return to the exchange connection is 
made by one impulse. 

c. Transfer 

Transfer to non-barred extension may be clone both before and after answer. 
If after making inquiry call the handset is replaced as soon as ringing tone 

is heard, transfer preparation is made. 

If transfer is done before answer, the inquirer is disconnected as soon as the 
handset is replaced. SNF for the original connection remains connected, how­
ever, to FIR until the called extension answers the call. If answer is not forth­
coming in app. 1 min. after the inquirer has put the handset down. the inquirer 
is called again by the usual repeated ringing signal and at the same time the 
connecting circuit SNF employed for the inquiry is restored. The exchange 
subscriber hears ringing tone until the call-back is answered. 

In the same way as in handling incoming call, the inquirer may prepare 
waiting connection to a locally busy, non-barred extension. The switching and 
supervisory devices then employed are in entire agreement with those used 
by the operator. This applies also to attempts to make waiting connection to 
definitely busy and to barred extension. 

While waiting, the exchange subscriber hears special waiting signal until the 
extension is free, when the signal changes to ringing tone. 

Call-back over SN F is signalled by ordinary repeated ringing signal, the 
exchange subscriber still hearing ringing tone. 

If the inquirer is busy when call-back comes, the waiting signal continues even 
when the SN F connecting circuit used for the inquiry cali has been restored. 
\i\Then the inquirer's extension comes free, testing is made from the call-back 
and the waiting signal changes to ringing signal at the same time as the 
extension is called by repeated ringing signal. 

If the inquirer has become fully busy when call-back is made, the exchange 
subscriber receives fully busy tone. In this case testing cannot be made to 

the inquirer. 
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2. Inquiry and Transfer with Outgoing Exchange Connection 
Inquiry and transfer with an outgoing exchange connection take place exactly 
the same as with corresponding connections from an incoming connection. 
Transfer connection from an exchange connection originally outgoing is, 
however, a little different. Thus the inquirer is not freed on transfer before 
answer, until the inquired extension answers the call, and then SN L also is 
restored. If no answer is received within app. I min. after the inquirer laid 
clown the handset, the SN F connecting circuit occupied by the inquiry call 
is restored. Call metering is clone and clearing signal with the public exchange 
is transmitted after app. 30 s. After disconnection in the public exchange, 
SN L is restored. 

Repeated transfer for outgoing call connections takes place just like the 
corresponding connections for incoming exchange call. 

Call metering for a transferred outgoing exchange connection takes place after 
double clearing signal, after which full restoration is obtained. 

3. Inquiry and Transfer far Trunk Connection 

Inquiry to busy extension produces connection of rapid tick-tack signals on 
the conversation proceeding. These signals indicate to the speakers that inquiry 
call from a trunk connection is waiting. If the called extension is disconnected 
while the inquirer is connected, testing and ringing up take place. The inquirer 
has no facility of interrupting the call in process. 

Transfer can only be executed if the called subscriber has answered the inquiry 
call and the inquired subscriber's handset is kept lifted. If attempt at transfer 
is made under other circumstances there is immediate call-back to the inquirer. 

After transfer of trunk connection, the extension then trunk connected obtains 
trunk busy marking. 

H. Attempted Call to Extension Belonging to Another Subscriber 

If call is attempted by three-figure number to extension belonging to another 
subscriber, the final selector is set out but it is immediately restored after 
a special testing. The register also is restored but it is not disconnected from 
the connecting circuit. The caller hears dialling tone again and can immediately 
dial a fresh number. 

Thus there is no possibility of call connection over the centralized P.A.B.X. 
between extensions belonging to different subscribers. This applies to local, 
operator handled and inquiry calls. 

Multiple Desk for 
L. B. Switchboards 

Multi-Position 

E R I K I E N G Q V I S T, 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 

Fig. 1 X 6296 

Initial section ABK 6521 

right, back view with rear door removed 

U.D.C. 621.395.33 

A single position telephone switchboard can obviously carry only a limited number 

of lines. In practice, the maximum number; of lines in single position L.B. switch­

boards is between 100 and 200. The figure varies with the frequency of calls but is 

naturally also governed by the ability of the operator. If this limit (100-200) is ex­

ceeded multi-position switchboards must be adopted. The demand thus arising for 

subscriber multiples and facilities for progressive enlargement, however, has led to 

a special design, the multiple desk. 

Below is described such a multiple desk, which supplements the series of new manual 

L.B. cord switchboards referred to in Ericsson Review No 3/1946. 

The Multiple Desk 
The new multiple desk, Fig. I and 2, is constructed as a single-position, two­
panel section. Each section is so made that it can be put up in combination 
with other sections, thus enabling rows of desks with any desired number of 
positions to be formed. The bearing construction in the desk consists of an 
iron frame on which the wood fittings arc screwed. All woodwork consists 
of light oak veneer on a base of plywood, except for the rear door which is 
of light wood fibre sheet in a frame of deal. The key shelf is covered by 
hard-wearing material in green colour convenient for writing on. Beneath 
the desk top a pigeon-hole has been arranged for the operator's private be­
longings. In view of the fact that multiple desks require quite long cords, 
the distance from key shelf to floor has been made 796 cm. 
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Fig. 2 

Extension section ABK 6522 

right, bQck view 

Fig. 3 

Line unit 
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X 6207 

X 6287 

The key shelf provides space for a max. of 20 cord pairs. The space in the 
vertical field has been di sposed as follows. Right at the bottom is the position 
unit, containing the equipment common to the cord pairs, then comes the 
answering field for up to 2 00 lines and at the top the multiple field is located, 
this holding 400 lines when employing 20 number jack strips. Thus with four­
panel multipling the capacity will be Soo lines. Behind the answering field 
are the terminal blocks for connection of the lines. Owing to the large number 
of wires per line - 4 to 5 - it is necessary to use soldering tags instead 
of screws. Behind the multiple field a shelf is provided for supporting the 
multiple cables. The terminal blocks and the multiple cables are easily accessible 
from the rear of the desk. 

With the object of facilitating stock-keeping and ordering Ll\'I Ericsson's 
multiple desks will be available in t,,•o executions, viz : as initial section and 

Fig. 4 

Drop indicator jack, type RNE 15 

Fig. 5 

Switching set 

X 6215 

X 6223 

as extension section. An initial section, the construction of which may be seen 
from Fig. r, is in all respects a complete desk. An extension section on the 
other hand is a desk without cover plates on either side and without end piece 
on the one side of the key shelf, as shown by Fig. 2. Thus the first desk 
put in for a plant will consist of an initial section while all enlargement will 
consist of extension sections, when one cover plate and possibly one encl piece 
will be moved out to the new extension desk. 

The new multiple desk has been given the designation ABK 65. The dimen­
sions are: height 1514 mm, width 574 mm, depth 885 mm. The net weight 
for a fully fitted switchboard is: 

initial section ABK 6521 app. 115 kg, extension section ABK 6522 app. 100 kg. 

Details 
The purely telephone technical equipment in the multiple desk is built up in 
the form of easily manipulated units, with bakelite as the predominating 
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Fig. 6 X 4448 

Cord (above) and plug RPR 3526 

Fig. 7 X 6288 

Cord weight RTA 1204 
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material in the bearing constructions. Thus the calling and connecting devices 
ior 10 lines are assembled to a line unit, see Fig. 3. The equipment for a single 
line consists of drop indicator jack, the appearance of which may be seen in 
Fig. 4. Ten such drop indicator jacks are mounted on a strip of bakelite which, 
together ,Yith a terminal block and an S-shapecl cable, forms a complete 10-line 
unit. A multiple desk comprises a maximum of 20 line units which are all 
alike, both as regards shape of cable and numbering of the strip. 

The equipment for a cord pair, compnsmg a key, a clearing signal drop 
indicator and a couple of cord clamp blocks, has also been built up on a 
frame of bakelite to a unit called the switching set, see Fig. 5. The cable 
terminates in a multi-pole plug, providing quick attachment of the unit to 
the desk. A complete cord pair comprises, in addition to the switching set 
proper, two cords with plugs and a pair of cord weights. Fig. 6 shows the 
cord and the plug as used in the multiple desk. The plug is of new design 
and consists of a molcled plug tip and a plug shaft with protective spiral. 
Nevertheless the ea! ibre is as usual, i. e., 5.76 111111. The cord weight, too, 
Fig. 7, is of new design. It consists of two halves of die-cast zinc alloy and 
a cord wheel of light metal. 

All devices common to the lines and the cord pairs, except the hand generator, 
are assembled to form a position unit, in which therefore are included all 
coils and condensers for the telephone circuit, relays, rectifiers etc. for the 
ringing circuit and relay and bell for the alarm circuit. In addition the position 
unit contains a number of press button keys for operating these circuits. 
Finally there is on a position unit a row of multi-pole jacks by which the 
switching sets is connected to the desk. Each multiple desk is equipped with 
Li\I Ericsson's new operator's head set type RLF 20 which is connected to 
the desk by a 4-way plug and jack. 

The Multiple Annex 
The multiple annex, Fig. 8, is intended as encl section for rows of desks made 
up of a number of multiple desks. Its chief object is to make possible the 
extension of the multiple fie'.cl, one panel in each direction, so that the operators 
at the encl of the row of desks have the same facilities as operators in the 
middle of the row as regards accessibility of the multiple field. For practical 
reasons, however, the multiple annex has been arranged so that it also has 
space for the cables incoming to the multiple field. 

Fig. 8 X 4515 

Multiple annex BAR 16 

Fig. 9 
X 6286 

Row of desks 

consisting of four multiple desks and two mul­
tiple annexes 

Like the multiple desk, the multiple annex has a frame of iron to which the 
woodwork is screwed. Otherwise the shape is such that annex and desk match 
when they are placed alongside each other in a row of cle$ks. The multiple 
annex may be had in both right and left hand execution. 

The multiple annex, which has been given the type designation BrlR 16, has 
a width of 400 111111 and a net \\"eight of app. 26 kg. 

Multiple Equipment 

The multiple is built up of multiple mats type TSE 83. The multiple mat 
consists of a number of 20 number jack strips type RNR 80, joined up in 
parallel by a specially sewn flat cable. The distance between the strips is 
normally such that a given jack is repeated in each fourth jack panel. As 
each mat comprises 20 lines, the number of multiple mats required will be 
1/ 20 the total number of lines. 

To facilitate orientation in a multiple field thus built up, which extends over 
4 jack panels, the jacks must be numbered in some simple manner. In the 
case considered the figures for rnos and rns are on the covers that stretch 
over a block of 5 jack strips, the jack strips themselves being engraved with 
the unit figures only. In this way we get all jack strips engrave alike 0-9, 
0-9, which is of great importance from the standpoint of standardisation. 

Rows of Desks 
Of the above-named components, the multiple desk and the annex plus multiple 
mats, it is possible to make up rows of desks with any desired number of 
positions. Such a row of desks comprises in the main the foll~wing material: 

1 annex, left, BAR 1601, 

I initial section ABK 6521, 

the requisite extension sections ABK 6522, 

the requisite multiple jack strips and mats TSE 83, 
r annex, right, BAR 1602. 

Fig. 9 shows such a complete row of desks, providing four operator's positions 
and a total of 400 lines. 
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Fig. 10 X 6279 

Connecting diagram for L.B. telephone 

switchboard 

with multiple 

a. b subscriber line speaking wires 
AP answering plug with cord 
B bell 
BR pilot relay 
C condenser 
Cl call indicator 
EB extra bell 
FC feed current coil 
HG hand generator 
IC induction coil 
J answering jack 
L subscriber line 
M microphone 
MJ multiple jack 
NB key for night bell 
r 1 • r ! sleeve resistance 
r3 • r~ test resistance 
R receiver 
RB ringing-back key 
RK ringing key 
RP ringing plug 
RV ringing pilot visual 
S splilling key 
SI clearing signal indicator 
SK speak ing key 
SM call meter 
SMB auxiliary battery for call mete ring 
SR call metering relay 

key for pole changer 
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Connecting Diagram 
As regards diagram our new multiple desks differ only in a few respects 
from our earlier types, see connecting diagram Fig. 9. In the first place the 
busy test system normal for C.B . switchboards has been introduced, which 
though it necessitates the employment of three-way plugs and cords yet is 
counterbalanced by considerable simplification of the construction of the 
multiple jacks. Moreover, facility for call metering has been provided, a system 
being adopted that demands very small energy consumption. Finally the ope­
rator's speaking set has been furnished with feed coil s in the transmitter circuit 
so that a common battery m~ be employed for multi-position telephone 

switchboards. 

The call meter used in conjunction with this multiple desk is of special design, 
in that the core of the electro-magnet is of steel instead of soft iron. Such 
a meter has after relatively brief magnetising the property of remaining in 
attracted position owing to the rema:nence in the steel core. Restoration of 
the meter is caused by a short impulse in reverse direction, so that the steel 

core is demagnetised. 

Alt. A shows the connection for the call meter and alt. B shows the connection 

when the call meter is not in the circuit. 

The connecting process in establishing a call is in the main as follows : 

A subscriber calls the telephone switchboard in the usual way by means of 
the hand generator. The call indicator Cl falls and gives the operator a clear 
visible signal. The call indicator alarm contact makes and the call meter SM 
attracts at the same time the pilot relay BR and starts the bell B if it is 
connected in. The operator answers the call by throwing the key SK-RK 

a 
Lb 

AP 

I I : __ , 
· ·--:1 •. I I, A I, n=, a_ I 

i.M.ili!!.!_l 

I r--,'7, 

BR 

~

Ng j 

E 

~ 

s 
0 

~;rl 
J 

>~ 
c::r 
MJ 

RP 

....... ~ LI---+--·-
/ .. ~-l---~-.1. 
L¥.:_~ 

"-11-" 

of an unoccupied cord pair to position SK and inserts the answering plug AP 
in the calling line's answering jack J. Insertion of the plug restores indicator 
Cl automatically. The alarm contact is broken, but the call meter remains 
attracted owing to the remanence in the steel core. 

After the operator has been told the wanted number by the calling subscriber 
she finds out the situation of the wanted line by putting the tip of ringing 
plug RP against the sleeve of the multiple jack Jlll of the line in question. 
If she hears a click in her recei,·er then the line is busy with another call. 
The operator has then only to inform the calling subscriber and disconnect. 
If nothing is heard ,,·hen testing as above, the line is unoccupied and con­
nection can proceed. The operator then inserts ringing plug RP in the mul- · 
tiple jack Jl!J and moves key SK-RK into position RK. If the pole changer 
is connected, which would be the rule in a multiple desk, ringing signal is 
emitted automatically as long as the key is thrown. The ringing pilot indicator 
attracts giving the operator visible signal that the ringing current has really 
been transmitted to the line. Relay SR attracts moreover and transmits tension 
back v ia key RK and answering plug .clP to the calling line's call meter Sll/. 
This tension is directed in such a manner that the call meter is demagnetised 
and restored. The call metering is then completed and, when the called sub­
scriber has answered, the conversation may begin. 

Throughout the co1wersation the clearing signal indicator Sl is connected 
over the speaking wires of the cord pair. Thus, when one of the speakers at 
the close of the conversation rings off, the indicator falls, giving the operator 
a visible and if necessary also an audible signal. The operator then has only 
to throw key SK-RK to position SK (this automatically restoring indicator 
Sl), make sure by listening that the conversation is really terminated and 
then take down the connection. 

The above is the normal connecting process. In some cases the operator may 
need to talk with the B-subscriber without the A-subscriber hearing. To make 
this possible there is a splitting key S in the common equipment. It may 
happen that the operator requires to send a ringing ,,ignal back to the A-sub­
scriber. This is possible by means of key RB. Finally, if the common ringing 
current source should fail, there is a reserve at each operator's position in 
the form of an ordinary hand generator. 

Accessories 

A telephone switchboard consisting of one or more multiple desks of the kind 
described above requires a certain amount of common equipment for its ope­
ration, mainly power sources of various kinds. First there is required a 6 \ ' 
battery, an accumulator being appropriate, for the feeding of transmitters 
signal circuits and pole changers, as also for attraction of the call meters. 
In addition there is required a smaller battery of I .5 to 3 V consisting of dry 
cells, for restoration of the meters. Finally a telephone swichboard of this s ize 
should be equipped with a ringing current source, consisting either of a pole 
changer or a small rotary converter. If the switchboard comprises more than 
two desks, then a complete multiple of the lines should of course be added 
to the row of desks. 

·when call meters are to be included in the plant these are mounted 111 a 
separate rack, located outside the switchboard proper. 

A telephone plant of the size requiring the use of multiple desks should 
naturally also be furnished with proper distribution. All current types of main 
distribution frames are suitable for this. Nevertheless, if one of the types 
B.c:1B 12-15 or BAB 22-23 is chosen, there is also space available for the 
necessary protector devices and easily acc<!ssible test jacks for line tests. 
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After a short review of the development of power plants for L M Ericsson telephone 

changes the article goes on to describe the L M Ericsson system of full float service 

specially with reference to latest design with transductor regulated metal rectifiers. 

A special step regulated system developed by engineers of the Swedish Telegraph Ad­

ministration for the parallel operation of rectifier banks is described in detail. The ... 
use of an automatic end cell switch is discussed followed by a description of standard 

·-~"" power boards. Salient points for the dimensioning of batteries and rectifiers are finally 

mentioned and views are presented. 

Brief Survey 
Ever since the first C.B. exchange was delivered by LM Ericsson at the 
beginning of the present century, the standard power supply for public tele­
phone exchanges has been two accumulators. 

In the earlier plants, the power board was so arranged that the charging 
equipment could only be connected to the battery if the latter were discon­
nected from the exchange. Consequently the batteries had always to be 
switched alternately for charging and discharging. Around 1912 a choke coil 
was inserted between the charging set and the battery, and at the same time 
the power board equipment was altered to enable float charging to be done. 
The batteries still had to be charged and discharged alternately but the float 
operation enabled longer intervals to take place between each charging. As 
the life of a battery is governed by the number of times it is charged and 
discharged, this enabled the life of the battery to be prolonged and also in 
certain cases allowed of decreased battery size. 

When the first automatic exchanges began to be delivered around 1920 there 
was no alteration in principle regarding the power plants. 

Up to 1930, D.C. shunt machines were the only charging appliances used. 
The machines were generally of the supplier's standard make but there were 
also machines with low disturbance level for telephone frequencies. As a rule 
two charging converters were supplied to each exchange. Each converter had 
an output sufficient for charging an exchange battery in 7-8 hours. At an 
early stage, electric generators driven by internal combustion engines were 
installed as emergency power supply at places with unreliable electric supply 

mains. 

It was about 1930 that LM Ericsson installed the first metal rectifiers of 
Vv estinghouse copper oxide type. They were put in at small telephone ex­
changes in the concession regions of Italy and the Argentine. In 1932 two 
rectifiers each with an output of 45 A at 24 \" were installed at the Lidingii 
telephone exchange, Stockholm. These were in uninterrupted service for 12 

years, after which they became too small and were therefore dismantled in 
conjunction with the moving of the whole exchange. At the time of dismantling 
these rectifiers were still in full working order. The regulation of the first 
rectifiers, as also those constructed during the next IO years, was done by 
on-load tap changing switches connected to the transformer windings. 

Fig. 1 
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Skeleton diagram of voltage regulator 
regulating shunt generator 

Aut automatic operation 
Gen generator 
M 
Man 
OK 
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motor 

manual operation 
switch 
regulator 

shunt rheostat 

regulator adjustment resistance 
regulator rheostat 

In the above mentioned float operation, the a1111 was as tar as possible to 
adjust the charging current so that it was of the same magnitude as the dis­
charging current. This had to be done manually by the man on duty at the 
exchange. Often a contact voltmeter was installed which gave alarm if the 
battery tension varied beyond certain limits. Attention to the charging equip­
ment naturally took up a great deal of time and, if it was to be efficiently 
carried out, required a man on duty the greater part of the day, which was 
only conyenient at very large telephone exchanges. Nor was the upkeep of 
the battery ideal, as renovation or replacement of plates had to be done 
every 7-10 years. 

The Principle of Full Float Service 
Better charging methods were called for and proposals were not Jacking. From 
America in particular there came the idea of the full float charging system, 
this being introduced in Sweden after trial and improvements by the Swedish 
Telegraph Administration. In 1938 the first telephone power plant on this 
system was put in service by the Administration. 

The principle of the full float system is to aim at the ideal condition of auto­
matically adjusting the output current of the charging equipment to the ex­
change load, so that the previously fully charged batteries, floating on the 
exchange bus bars, only receive a trickle charge sufficient to make up for the 
internal losses of the batteries, thus keeping them in best possible con­
dition and ready with their full capacity for service during an eventual dis­
charge due to mains failure. It is also essential that this trickle current is 
supplied uninterrupted even when there is no load. 

Experiments have been carried out by battery manufacturers to ascertain the 
proper rate of trickle charge for different sizes of batteries, and it has been 
found that 0.9-1.0 milliamps per amphour capacity of the battery (at IO hour 
discharge rate) is a suitable value. This value corresponds to a voltage of 
2.15 volts per cell of a lead battery and further investigation has revealed that 
this voltage can be varied between 2.15-2.18 volts without changing the 
trickle current appreciably. All charging equipments for full float service are 
therefore now arranged so that the voltage on the exchange bus bars is auto­
matically kept at the above mentioned value of 2.15-2.18 volts per cell, no 
matter how the exchange load varies. 

Naturally charging equipments may be made on various principles, and either 
motor generators or rectifiers may be employed. The shunt generator, which 
is used as charging unit as stated above, is in general easy to arrange for 
automatic voltage regulation by inserting a voltage regulator in the field 
circuit of the generator. 

Full Float Plants with Motor Generators 
Reconstruction of existing plants with motor generators to full float service 
seemed therefore indicated. As early as 1938 old power plants of telephone ex­
changes in the Argentine were rebuilt by LM Ericsson who was responsible 
for the running of these exchanges. Good operating results were obtained with 
full float service, and consequently several power plants at telephone exchanges 
in the l\'Iexican concession area were reconstructed. New full float plants with 
motor generators and voltage regulators have also been supplied, some to 
places with D.C. mains. 

The voltage regulator employed has in all cases been the Brown Boveri type 
of regulator, which has proved very suitable and reliable. The diagram which 
is very simple may be seen in Fig. I. 

In principle the regulator consists of a rheostat regulated by a voltmeter. The 
voltmeter system itself is built up of a fixed and a movable coil, which are 
connected to the battery discharge side. The electro-dynamic force of the 

135 



136 

moving coil is counteracted by the tension of a flat spiral ~pring. By inserting 
additional small spiral springs it has been possible to make the spring tension 
constant for the whole movement range of the regulator. 

Rheostat, rs, is made up of \\ ire-\\'ouncl res istance spirals connected between 
the bars of a circular contact bank. On the inner side of the contact bank 
there is a movable sector of conducting material with a radius smaller than 
the contact bank. This sector is pressed against the contact bank by a sector 
pressure spring attached to the moving coil. \\ 'hen the moving coil rotates the 
sector rolls along the contact bank. The resistance spirals are connected or 
disconnected according to the direction of movement. The position taken up 
by the movable system is governed by the amount of regulator resistance 
necessary for keeping the battery voltage at its right value. Thus the position 
of the system is dependent on the load. \\'hen the load increases the system 
rotates counterclock\\'ise. 

If the generator is to be employed for full float service, switch OK is thrown 
to position A 11t, this connecting rheostat rs into the generator field circuit. 
The voltage to be held constant (=battery voltage) is set by resistance rrcg. 
This resistance is connected in series with the moving coil of the regulator. 
The higher the resistance in thi s circuit, the higher the voltage will be. 

If switch OK is thrown to pos1tlon illa11, the generator may be regulated in 
the ordinary way by means of the shunt field rheostat, rgc/1. 

The over-all efficiency of a motor generator decreases with decreasing load 
clue to the increasing importance of the no load losses. As the exchange load 
is small during the night this means that the over-all efficiency will be low 
when a motor generator is used in full float service. This will be especially 
the case when large converters capable of taking the busy hour load are used, 
such as often occurs when an old power plant is reconstructed for full float 
service. To improve the over-all efficiency, small night service converters 
may be put in to take care of the service during periods of lo\\' traffic. This, 
however, means increased cost for plant and often for staff as well. as switching 
over from large to small converters must be done after working hours at the 
exchange. Of course, purely automatic operation can be arranged but this is 
rather expensive besides involving many uncertain factors when it is a question 
of switching on and off such converters. Here a night rectifier is the best 
solution as its no load losses are much smaller and being stationary it needs 
no supervision. 

Full Float Plants with Rectifiers 

For new full float plants it therefore seems advisable from the operating point 
of view to use rectifiers instead of converters. These have relatively good 
efficiency at small loads, are quiet and require little or no attention and are 
easy to arrange for automatic operation. 

Constant Voltage Rectifiers 
For 5 years Ll\I Ericsson has been using a regulating system for full float 
service rectifiers, in which the Brown Boveri regulator referred to above has 
been used. The diagram for a 3-phase rectifier of this kind is shown by Fig. 2• 

Before going on to describe the functioning \\'e shall briefly refer to some 
of the components. 

The voltage regulator, Reg, briefly described above, actuates 3 groups oi 
D.C. saturable chokes, Trd, known a, transductors. Each transcluctor consists 
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of two transformer cores, each with an A.C. and a D.C. \\'inding. The 
A.C. windings are connected in parallel and the D.C. windings in series 
opposition. This ensures that no A.C. passes over to the D.C. circuit. Thus 
each pair of transcluctors is connected as shown in Fig. 3. In a transductor 
the ampere turns of the A.C. windings and the resulting ampere turns of 
the D.C. windings are practically of equal magnitude at every moment. Thus 
the transductor will in principle work as a current transformer. The current 
in the A.C. winding will. for a certain input A.C. voltage, be proportional to 
the curn'nt in the D.C. winding. This property has been utilised to limit the 
output current of the rectifier. 

If at constant mains tension the D.C. saturation of the transductor is limited 
then its A.C. output will likewise be limited, as there is proportionality 
between the A.C. and D.C. side of the rectifier. If the mains tension varies, 
however, a fluctuation will be observed in the rectifier output, although the 
D.C. in the transductor circuit is constant. To avoid this fluctuation, the 
auxiliary rectifier, L2, is so made that its D .C. output varies inversely with 
the mains tension in such a way that the transductor's A.C., and consequently 
the output of the rectifier, will be constant. 

The metal rectifier, Lr, is made up of one or more rectifier units connected 
in 3-phase Graetz circuit. The units are generally air-cooled. For tropical 
areas they may also be supplied in oil tanks similar in type to those used for 
transformers. They are of the Westinghouse selenium compound or \Vestalite 
type. Ll\I Ericsson has for some 20 years been in uninterrupted collaboration 
with The \Vestinghouse Brake & Signal Co Ltd. in connection with metal 
rectifiers. The transformer, Trf, is of standard air-cooled 3-phase type. The 
primary side may be connected either in star or delta connection for 380 
or 220 \ ' . 

The filter circuit consists of 2 chokes, Dr, each with a voltage drop of 0.5 \ , 
at the maximum output of the rectifier, and an electrolytic condenser, C. As 
may be seen from the diagram, the filter is connected in the bus bar system 
for full float serYice. Consequently the extra voltage drop produced by the 
filter is avoided when charging a battery separately. 

Rectifier switch, OK I. is provided with 3 extra auxiliary contacts over which 
the rectifier starting circuit and the D.C. circuits of the transductors are closed 
when the switch is thro\\'n to charging or full float service po,ition. In the 
latter case the moving coil circuit of the yo]tage regulator is closed over one 
of the contacts. By means of these circuits extra c-heck of the operation of 
the rectifier is obtained. 
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Description of Operation 
A 11to111atic Rcg11latio11 

If the rectifier is to be employed in full float service, rectifier switch OK I is 
first mo,•ecl to full float service position. Switch OK 2 is then put in position 
Aut, causing relay RI to attract and pulling up contactor R 2. The mains 
tension will then be connected to the auxiliary rectifier L2 and to the trans­
cluctor and transformer circuits Trd and Trf respectively. The transcluctor's 
D.C. circuit is closed over an auxiliary contact on switch OKI, over position 
A ut of switch O K.2 and then over the voltage regulator rheostat and the 
variable resistance rI. The moving coil of the voltage regulator is also switched 
in over its auxiliary contact on switch OKI to the bus bar system for full 
float service. 

Regulator Reg will now rotate and take up a pos1t10n corresponding to the 
setting of resistance r3 and to the exchange load. If the battery voltage is too 
high resistance r3 must be increased; if the voltage is too low then the re­
sistance must be decreased. If now the exchange load increases, the battery 
voltage will fall. The regulator's electromagnetic field is weakened, which 
causes the system to move counterclockwise. Resistance spirals in the regulator 
will then be short circuited one after the other causing the resi5tance in the 
D.C. circuit of the transcluctors to diminish. The D.C. through the trans­
cluctors will naturally increase, which means that the A.C. current through 
them also increases. As stated earlier, proportionality prevails between the 
A.C. and D.C. circuits of the transcluctor so that the rectifier's charging current 
must also increase and consequently the battery voltage. Should the load con­
tinue to increase, more and more spirals in the regulator rheostat are short 
circuited and finally the rheostat is entirely shunted. The rectifier will then 
be delivering maximum current. The value at which current limitation is to 
take place may be adjusted by resistance rI. If the load increases still more, 
the rectifier current will be limited to its max. value, but the Yoltage will drop. 

Reg11latio11 with Regulator Disco1111ectcd 

If the regulator is disconnected, the rectifier can be operated manually. Switch 
OKI is then turned to position Ma11, thus disconnecting the regulator rheostat 
and switching in resistance r2. By means of this resistance, constructed as a 
dial rheostat, the rectifier may be regulated by hand. 

Manual Regulation 

If the rectifier is to be used for separate charging of a battery, rectifier 
switch OK2 is thrown to charging position, after which switch OK2 is put in 
position Jlla11. Also in this case regulation is clone by resistance r2. 

Step-regulated Rectifier 

In fixing the outputs of the charging units for a telephone exchange, account 
must be taken of the final capacity of the exchange and how rapidly growth 
may be expected to take place. Sometimes it may be considered advisable to 
calculate the rectifiers for the final capacity of the exchange, whereas in other 
cases an extension later of the rectifier is reckoned on. In neither case, in 
view of necessary reserve, is it advisable to install a single charging unit but 
division into several units is preferred. For complete reserve, for example, 
two equally large full float service rectifiers may be installed each capable 
of driving the whole exchange alone. If the reserve requirements can be re­
duced, two smaller rectifiers may be put in, both of which must be in service 
during periods of heavy traffic. In this case also two full float service rectifier-
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are employed, as these can very well work in parallel. If, as often happens, 
there is some difference in their characteristics, the result is of course uneven 
distribution of load, but owing to current limitation neither of the rectifer.~ 
will be overloaded. 

It has already been pointed out that when the load is low the efficiency of 
rectifiers is better than that of motor generators. Nevertheless with very low 
load even the efficiency of the rectifiers diminishes rapidly, so that obviously 
it will be uneconomical during the night to run two parallel connected rectifiers, 
both delivering a small amount of current. Manual connection and discon­
nection of one of the rectifiers may be considered but, as suggested above, 
the time for disconnection often does not conform with normal times of duty. 

The Swedish Telegraph Administration has indicated a method for fully 
automatic tandem running, which gives good efficiency and has the advantage 
that cheaper rectifier units may be employed. Good operating results have 
been obtained with plants constructed on this method. LM Ericsson has built 
such plants for the Swedish Telegraph Administration and for telephone 
administrations in other countries and these are described below. 

A somewhat simplified skeleton diagram is shown in Fig. 4. The upper Recti­
fier I, only partially shown, is automatically voltage regulated in the manner 
described above. To this rectifier have been added two relays connected in 
series in the charging circuit, the maximum current relay Rma.i· and the 
minimum current relay Rmi11. The lower Rectifier z is transcluctor controlled 
and may be switched in three steps, at 1/3, 2/3 and 1/1 load. It is also 
current limited on the principle indicated above. Its switching is controlled 
by the voltage regulated rectifier via relay set R6-R8. 

The manner of operation will be seen from the following detailed description 
of function. 
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Description of Function 
Full Float Service 

Rectifier 1 is assumed to be in full float service in the manner already stated. 
Relay R9 will then be attracted. In order that Rectifier 2 shall be switched 
automatically the full float service switch OK 1 must be put in full float 
position and switch OK2 in position A.11t. Relay R5 will then attract. After 
these manoeuvres the rectifier will be connected to the exchange battery but 
not to the mains. So far it is delivering no charging current. 

Let us now assume that the voltage regulated rectifier becomes full loaclecl. 
The maximum relay R111ax then attracts and circuit is made to thermo­
contact T1. If Rectifier 1 is full loaclecl more than about 30 s (or any shorter 
time for which the thermo-contact is set) the thermo-contact spring will bend 
to its encl position. Relay R6 will then be connected in and held. From a 
contact on the relay, negative polarity is transmitted to relay RI which attracts 
and closes the circuit for contactor R2. Rectifier 2 will then be connected 
to the mains and will deliver a charging current that is 1/3 of its maximum. 

As the load will now be clistributecl o\·er two rectifiers, the charging current 
from Rectifier 1 falls. The maximum relay's release value is so set that the 
relay releases for this change of current in Rectifier I. 

Should Rectifier 1 again become fully loaded the process is repeated. This 
time, however, it is thermo-contact T2 and relay R7 that come into operation. 
A circuit is made to relay R3 which attracts and shortcircuits resistance r2. 

The D.C. through the transductors will then increase to such an extent that 
Rectifier 2 delivers 2/3 of its n_iaximum charging current. The process clescribecl 
may be repeated once more, with thermo-contact T3 and relay R8 connected 
in and current impulse being given to relay R-1- which shortcircuits resistance 
r3. Rectifier 2 will now be fully loaded. 

If the exchange load sinks the charging current will decrease owing to the 
voltage regulated rectifier, Rectifier 1, coming into operation in the manner 
above clescribecl. Should the output current of Rectifier 1 now sink to app. 20 % 
of its maximum value the minimum relay Rmin will release (Rmi11 can also 
be adjusted to release for other values). A circuit is then closed to thermo­
contact T6 which heats and bends to encl position if the circuit remains closed 
for app. 30 s. By this relay R8 will be shunted and will release, thus breaking 
the circuit of relay R4. When relay R-1- releases, resistance r3 is no longer 
shunted. The D.C. saturation of the transcluctor is thereby reduced to such 
an extent that the rectifier only delivers 2/3 of its maximum current. Recti­
fier I will then take over that part of the charging current of which Recti­
fier 2 is relieved. The minimum current relay R111in is then again energized 
and the circuit to the step connecting relays is hroken. 

Next time the charging current from Rectifier 1 falls to 20 % of its maximum 
value, thermo-contact T 5 is connected in and shunts relay R7-. whereupon 
relay R3 also releases. The D.C. saturation of the transcluctor decreases so 
that Rectifier 2 becomes loaded with 1/3 of its maximum load. At the last 
disconnecting step thermo-contact T 4 is actuated and releases relay R6 which 
in turn breaks the circuit to relay R1. Contactor R2, the holding circuit of 
which goes over a contact on R1, releases and breaks the circuit to the mains. 
Thus Rectifier 2 is entirely cut off. 

,1[ a1111al Reg11latio11 

If switch OK2 is put to pos1t1011 il/a11. Rectifier 2 may be regulated by hand 
with resistance r-1-. This may be clone both in charging and full float sen·ice 
positions. 

Advantages 

The system described abO\·e works with good efficiency over a wide range of 
current and is very flexible in respect of increasing the charging current. 
By providing the step relay set with more relays, further step-regulatecl 
rectifiers may be easily connected to the bus bar system and controlled by 
the voltage regulated rectifier. If a telephone plant is expected to grow slowly 
then only the battery and distribution panels of the Power Board need be 
dimensioned for the final capacity, while only rectifier units covering require­
ments for 2-3 years ahead need be installed to begin with. Not until it becomes. 
necessary need additional rectifiers be installed later on. 

Cell Switch 

LM Ericsson constructs automatic exchanges for 3 different battery voltages, 
vi::.: 24, 36 and 48 \·, the inclicatecl voltage being the nominal voltage. Auto­
matic exchanges work reliably with a voltage varying approximately + 15 % 
and - ro % around the nominal value. In this connection it should be re­
membered that between the battery and the switch racks there will be ,L 

voltage drop of app. 3 %. With full float service, as stated, the battery voltage 
is held at 2.15- 2.18 V /cell. 

If, for a 2 4 V plant, 11 lead cells are used the battery voltage with full float 
service will be around 23.6-24.0 \'. The battery voltage will then coincide 
with the nominal exchange voltage. 

In the event of an interruption in the mains, however, the battery voltage 
falls rapidly to 22 \'. Already at this voltage the reliability of the automatic­
exchange is affected and if the interruption continues for any time the battery 
voltage will become so low that the exchange will not work properly. 

If instead 12 lead cells are used in the exchange battery, a bus bar voltage 
of 25.8- 26.2 V is obtained with full float service. This voltage figure lies. 
well within the tolerance limits so that the automatic exchange may well 
work on this voltage. 

On failure of the mains, the battery voltage will rapidly fall to 24 V and the 
automatic exchange will not be affected and it will only be after a lengthy 
period of emergency operation that the battery voltage becomes so low that 
the automatic exchange does not function to satisfaction. 

Full float service with a 12 cell battery will thus be possible under all cir­
cumstances. The disadvantage, in addition to the readjustment of certain 
relays, is however that the power consumption will be unnecessarily large. 
·when resistance is constant it holds good for a D.C. circuit that the power 
varies with the square of the voltage. Thus with a 12 cell battery the power 

. [(26.2)2 ] consumption of the exchange will be 24 - 1 = 19 % larger than 

if 11 cells were used. 

The ideal solution would seem then to be to use II lead cells for normal full 
float service and 12 lead cells during mains failure. This method of operation 
is possible of achievement by introducing a cell switch which on mains failure. 
automatically switches in an extra cell to the exchange battery. 
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Fig. 5 X 4526 

·Cell switch 

fig. 6 X 6306 

Skeleton diagram of cell switch 

A ammeter 
B buttery 
C condenser 
K c,:,ntactor 

l rectifier set 

142 

Fig. 5 shows the construction of such a cell s\\'itch for max. Soo A. The 
principle will be seen from the diagram, Fig. 6. 

The cell switch itself is shown in the rectangle C. The arm I can move between 
contact 2, connected to the battery's 1 rth cell, and contact 3 which is connected 
to the 12th cell. Switching over from contact 2 to contact 3 takes place on 
mains failure by contactor K falling and connecting in magnet coil 4 of the 
cell switch. The pawl 5 is then released, whereupon the strong spiral spring 6 
pulls the arm over to contact 3. 

To avoid interruption in the battery circuit, a resistance 7 is inserted in the 
usual way over the uth and 12th cells during the switching period. 

Restoration of the cell switch to contact position 2 (Ilth cell) must be done 
by hand after the mains tension has returned. 

By means of the simple rectifier L. a trickle charging current is directed 
through the 12th cell to make up for idle losses. The charging current is 
adjusted by resistance 8 and checked on the ammeter 9. If switch JO is closed, 
the cell may be charged with a higher current. 

For full float service plants there are usually installed two accumulators which 
are normally connected in parallel to the bus bar system and it is therefore 
advisable, if cell switches are used, to fit a cell switch for each accumulator. 
This, however, is not a necessity as one cell switch may be used for two 
accumulators, as was done in 1938 for the full float power plants in the 
Argentine exchanges referred to above. Operation at these exchanges has all 
the time proceeded without any trouble with this arrangement. 

Whether cell switches are to be installed or not is partly an economical and 
partly a technical question. As usual the cost of installation of the cell switch 
should be compared with the saving in energy cost. lVloreover one has to 
consider if a smaller number of switching faults may be expected to arise 
by the battery voltage being kept practically the same under all operating 
conditions and nearly equal to the nominal exchange voltage. 
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Power board for an automatic exchange 

from left to right: buttery panel with switches 
Gnd cell switch, emergency generator panel 
With overload switch and field resistance, rec­
tifier panel Wilh voltage regulator and switches, 
ract1fier Panel for step or manual operation 

Mechanical Construction 

During the first 25 years of thi s century, power hoards made by LM Ericsson 
were of white marble with all instruments, switches, fuses, etc. on the front. 
The copper bus bars and wiring were however on the back ~ide. About 1926 
larger knife switches, overload and reverse current switches were mounted 
on the back side with only their handles on the front. All other small switches, 
fuses, etc. were, however, still left unprotected on the front. Suitable apparatus 
were then lacking in order to achieYe the aim of a power board with a real 
dead front. When in 1938 power boards of sheet iron were introduced it there­
fore became a necessity to make these missing apparatus and now all power 
boards consist of panels with a dead front throughout. 

These sheet iron panels are made self-bearing by folding and welding them 
into shallow boxes. Their width is 600 millimetres, which has proved to be 
sufficient for power boards of this kind. A standard height of 2200 millimetres 
has also proved to be suitable. The material used consists of 3 millimetre thick 
cold rolled steel sheets. Side panels, where necessary (see Fig. 7), are usually 
of the same size and construction. Also side doors on hinges can be made of 
the same panels. The surface is first antirust treated and then sprayed with 
aluminium coloured cellulose, with a final coating of transparent cellulose on 
the front side making it easier to keep panels clean. 
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Fig. 8 X 4526 

Power board 
back view; from left to right: step-regulated 
rectifier, automatic rectifier, emergency genera­
tor panel and battery panel 
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For battery, distribution and converter panels etc. the equipment is mounted 
on the back of the panel. Thus no angle iron frames are required. The equip­
ments for the rectifier units, however, arc built into a cubicle of angle-iron 
that is attached to the rectifier control panel. Transcluctors, rectifier units and 
auxiliary rectifiers etc. are assembled in units that can easily be drawn out. 

In building the power boards, particular attention has been gh•en to making 

them easy to pack and transport. 

Fixing Dimensions of Batteries and Rectifiers 

Computation Basis 
In computing the number of telephone switches necessary for an automatic 
exchange, traffic figures are taken as basis. These figures are usually stated 
for busy hours, and may be expressed either in TU (traffic units) for the 
whole exchange or in SM (call minutes) for each subscriber. In addition 
there must be given in either case the mean length of each call and the traffic 
concentration in the busy hour. On the basis of these particulars it should 
naturally be possible also to compute the energy requirement for an automatic 
exchange, if the constant for energy consumption per connected call is known. 

For the setting up and disconnection of a call between two subscribers the 
energy consumed, expressed in Ah, has been determined by planimetering the 
current oscillogram for each switching process. The energy consumption during 
the call itself has been determined by multiplying the current consumption 

with the mean length of the call. 

Such measurements have been made for the standard circuits of the OS system 
and for various switching stages, e. g., for finders and final selectors, for 
finders, group selectors and final selectors etc. On the basis of these measure-
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ments charts have been made up indicating the relation between the traffic 
figures and the energy consumption per call. 

Such a chart is shown by Fig. 10. 

To show how the chart is used an example will be given: assume that switches 
for 100 T U are required to handle the traffic for 2400 subscribers. The mean 
length of each call is 2 min and the concentration = r /8. 

Per subscriber and busy hour there is then obtained 

100 - 60 
-- = 2.5 51\l 
2400 

As the length of each call is 2 minutes, the number of calls per subscriber 
and busy hour will be 

2.5 
=- = 1.25 

2 

The number of calls per subscriber and clay 

= 8. 1.25 = IQ 

\\1e then get from the corresponding curve that the current consumption per 
subscriber and clay will = 0.24 Ah. 

Assume further that the power plant is to be constructed for a final capacity 
of 9000 subscribers. The telephone switches are to be fitted in 9 racks, each 
with a rack motor consuming 40 Ah per clay. 

The whole energy consumption of the automatic exchange will then be 

9000 • 0 .24 + 9 · 40 = 2520 Ah 

If a full float service plant is to be made, we reckon with two accumulators 
always connected in parallel to the exchange bus bar system. \Ve also select 
the battery size so that the two batteries together can supply the exchange 
with current for a whole clay. 

2520 
Each battery in that case would require to be for--= 1260 A h. 

2 

The nearest standard size would then be 1296 Ah (at 10 h discharge rate). 
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The output of the rectifier should be at least equal to the total Ah figure X the 
2520 

concentration = - = 3 r S A. 
8 

To prm·ide for emergencies, one voltage regulated rectifier of 150 A and one 
step regulated of 200 A are selected, or better still two step regulated rectifiers 
of 1 50 A each instead of one for 200 A. 

Views on the Initial Sizes of Rectifiers and Batteries 

In most ca~es, however, it is not pos~ible to fix the dimensions of the power 
plant for a given final capacity from the beginning, as was assumed in our 
example. The growth of the exchange oftrn takes place so gradually that in 
such case the plant would be unnecessarily large for many years to come. 
For that reason the power plant is computed for a lower initial capacity, to 
be progressively increased. Fixing the dimensions of the rectifier units causes 
no trouble, as we have seen that rectifiers can easily be added when necessary. 
In the c.-ase of the battery, howe\·er, a certain hesitation may arise. It is not 
so easy to enlarge a battery, so that the following questions may arise: is it 
neces~ary at the start to give the battery the final capacity or would it be 
advisable to begin with larger battery containers instead? Can one count on 
gradually being in a pos ition to rearrange the two existing batteries into one 
and procure an entirely new battery of their combined ~ize? i\Iay one assume 
that the batteries can in a few years be moved over to another telephone plant, 
so that larger batteries can then he installed at the present exchange? It is 
not possible to give general answers to these and similar questions. One mu~t 
try to judge each case separately. Nevertheless, as a rule, it is advisable to 
dimension the battery switches, fu se holders, etc. and the bus bar system for 
the final capacity of the exchange as these items are not easy to enlarge. 

Size of the Battery Emergency Reserve 

At the beginning of the century, the C.B. exchanges were often provided with 
batteries so large that each battery could supply the exchange with current 
for a week. And for the first automatic exchanges supplied by Li\I Ericsson, 
a 24 hours period of operation was reckoned for each battery. With the intro­
duction of full float service, however, the battery size has been decreased, as 
one may generally count on both batteries being constantly fully charged. In 
the example given, it was assumed that the two batteries in parallel \\·ould 
he able to supply the exchange for 24 hours in case of mains failure. This 
dimensioning of batteries is very usual. The cost of batteries for an exchange 
is so considerable that it is generally desired to utilise the advantages of the 
full float service even in respect of battery size. Nevertheless it should be 
remembered that the absolute reserve has in reality been lowered thereby. 
If mains failure \\·ere to occur during busy hours just when a battery was 
temporary out of order, the battery reserve would in the worst case be reduced 
to 2 or 3 hours. A condition for being able to decrease the battery size must 
for this reason be that an electric emergency plant is available and that it 
can come into operation within a couple of hours. 

Bomb-wrecked LM Ericsson Mate­
rial Could Be Put in Working Order 

Fig. 1 X 4523 

The building of Sociela Esercizi Telefonici 
al Palermo 

alter the air attack of 9th May, 1943 

Fig. 2 

Register 

X 7454 

salved after the bombing of the telephone ex­
change a.t Palermo; right, after repair 

U .D.C. 621.395.722.004.67 

A rather fantastic example of how skilled staff can repair the seemingly 
irrepar,_1ble and how an automatic telephone exchang·e of Ll\I Ericsson's make 
can keep on operating in conditions that might be described as impossible is 
provided by the repair of the telephone exchange at Palermo in Sicily, after 
the bombing it underwent on 9th l\ray, 1943. 

On that date Palermo was subjected to a violent air bombing which severely 
damaged the telephone exchange. Half the building, that part housing the trunk 
exchange, collapsed through all four floors, but the half that contained the 
automatic exchange stood the ordeal. The trunk positions were overturned 
and buried under masses of masonry, while the order po~ition was hanging 
down from the fourth floor, held by the cables from the selector hall. 

The automatic exchange was damaged by the shaking and the blast from the 
explosions. Splinters were flying round the premises anti masses of building 
material were cast into the selector hall. The horizontal shafts of the register 
racks were bent so that they could not rotate, some registers and selectors 
were hit or smashed by flying pieces and falling bricks and mortar, all con­
necting devices being buried under a thick layer of dust and mortar. i\Iany 
of the cable runs were torn from the walls. 

Despite the extremely difficult working conditions - both \1·ater and light 
were lacking in the town - Societa Esercizi Telefonici decided to attempt to 
repair the damage, as it was considered that the telephone exchange was not 
entirely destroyed. Selectors, relays, registers and sequence switches, devices 
that normally are given the greatest care and attention, were found to operate 
again after merely being cleaned of mortar and lime and adjusted, bent shafts 
were straightened and the exchange was made provisionally sen·iceable. And 
it kept on working for three years, though the apparatus were without pro­
tection against dust and the humidity of th" air, aggravated as it was by rain 
coming through a roof consisting merely ot planks and tarpaulins. 
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Fig. 3 X 7455 

Relay set and terminal strips 
-from the bombed telephone exchonge ot Palermo 
.right, before, ond, left, ofter repoir 

Fig. 4 X 6504 

Salving material after the bombardment 
of Borsa, Naples 
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There could be no question of proper cleaning and lubricating, as both cleaning 

and lubricating materials were lacking. Nevertheless the exchange kept on 
working to the great wonder, first of the Germans and then of the Allies. 

Three years later it was possible to dig out from the debris the material of 
the trunk exchange, which in the interval had been provisionally restored with 
the aid of Li\I Ericsson trunk position desks brought in from Messina. Relays, 
switches and jacks were, to say the least of it, in a deplorable condition when 
they were brought to light from under the debris, but they were cleaned and 
repaired and gradually there were made up from the salvcd material two 
complete trunk position desks, enabling trunk traffic to be increased. 

The Caltanisetta telephone exchange, comprising two groups 500-line selectors, 
was put out of operation in July 1943, when a bomb exploded in adjoining 
premises causing the dividing wall to collapse over the racks. Some selectors 
and connecting circuit relay sets were damaged and a horizontal shaft was 
bent. The exchange had been put in service again by September 1943, being 
operated for some years with a single battery and a rectifier coupled in tandem, 
as the second battery had been wrecked. The same conditions applied at Tra­

pani, where one of the batteries was smashed. 

In :Marsala the surroundings of the telephone exchange were badly ravaged 
by bombardment. The building was shaken to its foundations, but the tele­

phone exchange never ceased to function. 
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U.D.C. 519.2: 621.395.34 

PALM, C: Waiting Times when Traffic has Variable Mean Intensity. 
Ericsson Rev. 24 (1947) No 4 pp. 102-108. 

The article presents a method for computation of the waiting times in non­
automatic or semi-automatic traffic, which is applicable to varying mean 
intensity in the traffic load and which is exceptionally suitable when the 
intensity exceeds the maximum handling capacity. 

U.D.C. 621.395.20 

NILSSON, E: Centralized Private Branch Exchanges. Ericsson Rev. 
24 (1947) No 4 pp. 109--126. 

Tclefonaktiebolaget L M Ericsson has constructed a centralized automatic 
branch exchange system which is advantageous economically and technically 
meets the demands for small organizations. An account of the -economy,­
dcsign and traffic facilites of the centralized .automatic branch exchange. 

U.D.C. 621.395.33 

ENGQVIST, E: Multiple Desk for Multi-Position L.B. Switchboards. 
Ericsson Rev. 24 (1947) No 4 pp. 127-133. 

Description of the multiple desk which fulfils the demands for subscriber 
multiples and facilities for progressive enlargement. The multiple desk 
supplements the series of new manual L. B. cord switchboards referred to 
in Ericsson Review No 3/1944. 
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