VOLUME 5

1928




KURT LINDBERG
BOKTRYCKERIAKTIEBOLAG
STOCNHOLM 1928



JANUARY-MARCH 1928 Nos.1to 3

..............................................................................

STAFF, DEPARTMENT HEADS AND OFFICE FORCE OF
TELEFONAKTIEBOLAGET L, M. ERICSSON IN STOCKIIOLM AT AN INFORMAL GATHERING ON
NEW YEAR'S EVE IN ONE OF THE FACTORY DEPARTMENTS.

ENGLISH EDITION



i

i

o

i

i

ERICSSON REVIEW

ENGLISH EDITION.

JOURNAL OF
TELEFONAKTIEBOLAGET L. M. ERICSSON, STOCKHOLM.

Responsible publisher: HEMMING JOHANSSON
Editor: WOLDEMAR BRUMMER,

Issued quarterly, - - - = -~ -~ - -~ - - - - Yearly subscription rate: 7/ —

All communicatians and subscriptions to be forwarded to the Editor.

!/

(e

=

i
{

e

i
i
it
it
i
il
(1
{ff
i

il

{

L

"oy,

[ ook forward!

7_he past year has for the Ericsson concern been characterized by substantial
gains within all fields of operation. Orders received and deliveries executed
by the manufacturing and sales organizations as well as the number of sub-
scribers of the operating companies have shown a powerful increase. The
greatly increased amount of work has required the straining of every nerve.
| can state with the utmost satisfaction that every member of our organization
has to the best of his ability been instrumental in the achievement of this
excellent result. There is reason to believe that our gains during the coming
year will be still greater.

| want to express my appreciation of the work that has been accomplished

and at the same time extend my best wishes for

A HAPPY NEW YEAR

WM
/ r

Stockholm, January 1st 1928.
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ANDERS LIGNELIL,
Superintendent of Telephones,
Stockholm

R 660

Member of the International
Consultative Committee for Long
Distance Telephone Commu-
nicalions

Suburban Telephone Traffic in a Large City.

By A. Lignell, Superintendent of Telephones, Stockholm.

In foreign countries, a certain fee is almost always
charged for telephone calls between the larger cities
and their immediate suroundings, 1. e. such calls are
subject to a special tariff rate and are consequently not
included in the regular subscription rate for local tele-
phone service.

Ancther method is to extend the zone for the purely
lecal traffic to include the outlying districts as well,
calls within this zone being handled in exactly the same
manner as city calls and being metered together with
these latter. With regard to the traffic, this is pos-
sible only if a sufficient number of lines for suburban
traffic are available, these lines necessarily being of
sufficient number to prevent an excessive busy per-
centage during the busy hour. Otherwise, the advan-
tages of a direct traffic are lost and the local service
will be weighted down with ineffectual work.

It is noew quite a number of years since Stockholm
established direct service within a so-called ’free ser-
vice zone’ without any extra charge for rural or subur-
ban calls — the suburban exchange was opened for
traffic in 1923 —, consequently a more detailed de-
scription of how this traffic is handled and of the im-
portance of this type of service to the telephone ad-
ministration as well as to the subscribers may be of
interest.

Stockholm’s free service zone comprises at present
158 exchanges outside of the city limits with a total
of 27,626 subscribers, plus 115,176 subscribers with-
in the city.

The map on page 6 shows the extent of the area
included in this zone.

The number of subscribers at the various exchanges

varies frem 2500 down to about 50, most of these
exchanges being provided with direct city lines.

For some thirty of the smaller and most distant ex-
changes the traffic is transited over some other ex-
change with a direct city line. In such cases the transit
exchange is provided with a sufficient number of direct
lines to permit the effectuation of city calls without
delay.

The total number of direct city lines is now 2172,
1139 of these being reserved for outgoing traffic
from Stockholm and 1033 for traffic to Stockholm.

The suburban traffic is handled in Stockholm by a
specially arranged suburban traffic exchange which
comprises two main divisions — one for incoming and
one for outgoing calls — as well as reference boards
for toll traffic with the suburban net, junction boards
for junction traffic between exchanges within the free
service zone whose calls in some cases must pass over
Stockholm, arrangements for carrying the outgoing
traffic over the call order service division during tem-
porary reductions in the number of lines on account
cf trouble, and a supervision room.

Wherever the requirements of the traffic call for
direct lines of communication between the suburban
exchanges such lines have been provided, thereby avoid-
ing as much as possible the routing of the traffic over

Stockholm.

Oulgoing traffic.

The outgoing traffic from Stockholm is handled
over a 7-panelled B-board at the suburban traffic ex-
change. The multiple is built up of 20-line lamp and
jack strips, the lamp strip lying above and being se-
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parated from the jack strip by means of a designation
strip. The lamps in the multiple serve both as calling
and clearing lamps. On a line with the designation
strips are located the test buttons, the buttons used for
testing an adjoining group of five lines always be-
longing to the same exchange. In order to test the
lines, the operator depresses the test button, a disen-
gaged line being indicated by the glowing of the lamp
above the jack of this line. If a line is engaged, the
corresponding lamp remains dark.

On making a call, a city subscriber gives the name
of the desired suburban exchange after which the A-
operator gets a disengaged operator at the suburban
traffic exchange by means of an order wire provided
with a selector, this last operator establishing the con-
nection over an idle suburban line by means of the
trunk multiple, after previously having tested the lines.
On receiving an answer from the suburban exchange,
the calling subscriber himself requests the desired num-
ber.

A clearing signal is obtained on the test lamp over
the line jack in the multiple as well as on the lamp of
the trunk cord. The glowing of the lamp in the mul-
tiple contributes towards a speedy disconnection at the
end of the conversation, a very important factor for
the effective utilization of the suburban lines. Besides,
loss of time through slow disconnections would result
in an increased busy percentage and this, in turn,
would unfavourably influence the service at the local
exchanges.

The extent of the outgoing traffic from Stockholm
is given in the following table:

Average number of Average

Number of suburban calls dur- Number calls per

calls during ing week day mft' !u.buﬂ.:an |
1927 whole day going, | line ,m_
Gieliding and per subur-  cluding
toll calls) 5. to 21 | operator- !?an toll calls,
o'clock hour, 8 to lines 8 to 21
21 o'clock | o'clock
ijanuary ‘ 2.1 |6.603_ 69,852 332 ‘ 1109 66 I
iFebruarY ...l 1,963,358 68,483 330 1112 65
|March ...... 2,215,428 70,237 343 117 67
!Apri] veesenens 2,266,889 75,981 347 1122 71
iMay cieseeen. 2,465,304 79,691 341 1126 74
|June .........| 2,546,489 87,077 333 1121 82
.July ......... I 2,546,657 82,158 318 1129 77 E g
iAugust ...... | 2,681,663 84,931 330 1135 79 § 3
iScptcmbcr... 2,533,586 83,001 330 1134 77 -
iOctOber..‘... 2,367,254 72,540 327 1134 70
|Novembcr,.. 2,235,906 70,403 333 1134 68
'December... 2,350,202 72,417 338 1139 69
Total 28,289,339
Average | 76,398 333 1126 | 72

As will be seen, the number of calls from Stock-
holm to the 158 exchanges within the free service zone
amount to over 2 million per month with an average
of 76,398 calls per week day between 8 and 21
o'clock. During the same hours, the average number
of calls per operator hour is 333. Seventy-two calls
per line — including toll calls — took place between
8 and 21 o'clock over the mean number of suburban
lines (1126) available during the year. This figure
must be judged with due consideration for the fact
that a large number of the suburban exchanges have
sc-called season traffic. Over line groups to exchanges
with a constant yearly traffic load, the average num-
ber of week day calls during the same hours is con-
siderably greater, amounting to between 130 and 140.
The busy percentage of the suburban lines has varied
between | and 1.9 % during different parts of the
vear. The salary cost per outgoing suburban call has
amounted to .004 Swed. crowns, or about the same
Thus,

one may say that the service cost in Stockholm for an

as for local calls handled over B-positions.

cutgoing suburban call (during the entire day) is the
same as for a purely local junction call to any other
The increase in cost over a local call
is for the work which takes place at the suburban ex-
change for completing the connection.

city exchange.

The distribution of the outgoing traffic over the
hours between 8 and 21 o'clock and the adjustment
of the number of operators to the traffic curve is in-
dicated in the graph on page 8, in which the required
number of operators is based on 330 connections per
operator hour, this figure being easily exceeded during
the busy hours between 10 and 13 o'clock, however,
without inconveniencing the service. The average
value for the curve i1s 334 connections per operator
hour, the total number of operators required for hand-
ling the traffic between 8 and 21 o’clock amounting
to thirty-three, with a maximum of nineteen occupied
positions. That the personel curve lies over the traffic
curve during lighter traffic i1s due to the fact that one
must have good selecting possibilities from the differ-
ent local exchanges.

The service 1s supervised by keeping continuous re-
cords of the answering and disconnecting times at the
suburban traffic exchange as well as at the suburban
exchanges. The answering times on the order lines from
the local exchanges to the suburban traffic exchange
have an approximate length of one second, 1.5 7% of
the waiting times exceeding five seconds. The dis-
connecting times at the suburban traffic exchange
amount to about 1.5 seconds, none of them overrun-

g
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The answering times at the subur-
ban exchanges during 1927 were as follows:

ning ten seconds.

Number of answering times under

SUPervision ................ 18,303
Average disconnecting time .......... 8.3 seconds
» answering time ............ 43 »

Percentage of answering times exceeding
ten seconds .................. 8.9

Incoming Traffic.

The traffic coming in to Stockholm from the ex-
changes within the free service zone is handled over
sections, each section comprising nine operators’ posi-
tions. Each section accomodates 160 incoming lines,
the answering jacks (with the calling lamps over each
jack) for each line being multiplied so as to be within
the reach of all nine operators in the same section.
The calling lamps are of different colours, red, green
or white, these colours being distributed over the mul-
tiple in such a manner that the lamps within the reach
of each operator are to an equal number red, green
or white. The answering lamp of a line which is red
in the three first positions, is green in the next three
positions and white in the last three. When answering
a call, the operator takes a red lamp as first choice,
a green lamp as second and a white lamp as third.
Before plugging in to answer a call with a green or
white lamp (auxiliary lamps), the operator should
glance up to ascertain that no other operator is just
about to answer the same call.

This arrangement has resulted in exceptionally good
answering times, and there have been no difficulties
in getting this type of auxiliary service to function
properly. During 1927 the average answering time
was 4 seconds, with 7.2 % of the answering times
exceeding 10 seconds; the average disconnecting time
was 5.5 seconds with 15.6 % exceeding 10 seconds.

A suburban call to Stockholm is handled in the fol-
lowing manner.

The suburban subscriber asks for Stockholm, the
number of lines usually being so large that no waiting
is required. The operator connects the subscriber to a
disengaged Stockholm line (at the larger suburban ex-
changes these lines are provided with visual testing)
and gives a calling signal. Any of the nine operators
al the section in which this line terminates in Stock-
holm can answer the call. The answering operator
gives the number of her position, for instance 32. The
subscriber requests the desired Stockholm number and
the operator at the suburban traffic exchange gets in

touch with the B-operator at the corresponding local
The con-
nection is then effectuated over the trunk multiple.

A double clearing signal is received at the suburban
traffic exchange on the lamps of both the answering

exchange over an order wire with selector.

and calling cords, the operator breaking the connec-
tion after both lamps have registered the clearing sig-
nal. When only a single clearing signal is received,
the operator cuts in on the connection before breaking
the same.

The pulling down of the calling cord results in the
giving of a clearing signal in the B-position at the de-
sired exchange.

The figures in the following table give an idea of
the extent of this traffic.

Incoming Suburban Traffic 1927.

Average calls per
| Average
Number

Number of b Sl calls per
1927 calls during d - incoming
= | an opera- =
entire day | § 4o 2| pe it g hne..ﬁ to
o'clock 8 to 21 2l o (‘lDl’:kl
o'clock |

January ... | 2,163,498 74,695 124 995 75
February l 2,032,544 74,614 119 997 73
March ...... 2,248,371 75,305 126 | 1000 75
April ... . | 2,245,071 78,818 127 ‘ 1008 78
May ...... .| 2,421,308 80,987 124 1012 80
‘June e 2,583,417 91,894 125 1018 90 -
|juiy cesvnsp 2,593,963 87,535 121 1021 85 Eg
| August ... 2,733,638 90,580 125 1022 88 § Z|
September... 2,500,323 84,861 121 1028 83 °
October....... 2,303,432 76,776 123 1028 75
November...| 2,189,286 74,938 123 1028 73
December... 2,295,892 77,048i 126 1033 75

! Total 28,310,743

| Average | ! B80.671| 124 1016 79

As indicated above, there was an average of 80,671
calls per week day between 8 and 21 o'clock, the
average number of effectuated connections per opera-
tor-hour during the year amounting to 124. In judg-
ing these figures one must not forget that all of these
calls are trunked.

The average number of calls per incoming line bet-
ween 8 and 21 o'clock amounted to 79, which can
be regarded as an exceptionally good utilization of the
lines, especially as a considerable number of the subur-
ban exchanges have season traffic, as previously men-
tioned. The distribution of the traffic over the dif-
ferent hours of the day as well as the adjustment of
the number of operators to the traffic curve is shown
in the graph on page 10.
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Comparison between call order service and direct
service.

Let us now regard this traffic as subject to a special
tariff rate, the calls being effectuated in turn after the
placing of an order and the service being placed under
In the first
place, a much larger number of positions and operators
would be required, as well as increased exchange
space. Besides, the subscribers would lose the advan-
tages provided by the direct service since the calls
would be subject to waiting times, not to mention the
added nuisance of the ordering process.

It may be of interest to make a rough estimate of
the requirements for a traffic amounting to 76,400
outgoing calls — the average week day traffic between
8 and 2[ o'clock — with call order service as com-
pared with direct service.

First, we must determine the number of operators
required to handle the traffic, not forgetting to take
into consideration that we must do without the possi-
bility — afforded by the use of B-positions — of
easily adapting the number of operators to the varying
traffic loads, this being due to the necessity of dis-
tributing the lines over a large number of positions bet-
ween which there is a minimum of codperation, since
the suburban lines are restricted to certain positions.

supervision the same as for toll service.

With call order service — in which the order for
the call must first be received and noted down (either
at an order service section or by the respective opera-
tors), then dispatched in turn, the subscriber connected
over a B-position when his turn has arrived, the length
of the conversation registered and noted down — an
operator who also receives the call orders can dispatch
from thirty to thirty-five calls per single hour.

The variation in the traffic loads during the various
hours of the day and over different traffic routes does
not permit the distribution of the lines in such a manner
as to make it possible to maintain this number of calls
There is no doubt but
that an average of twenty-five calls per hour and
operator 1s a liberal figure.

For the 76,400 calls this would require 3056 ope-
rator hours or — with 6.5 effective working hours
per operator and day — a total of 470 operators.
With 7150 calls during the busy hour (see on graph
page 8) and figuring on 30 calls per operator during
this hour, this would mean that not less than 238 ope-
rators would have to be on duty at the same time,
requiring a minimum of 238 positions.

From the table on page 7 we find that with direct

as a daily average, however.

service the average number of calls per line is 72.
With advance order service, the lines might possibly
— the waiting times on these short distances during
periods of intense traffic must not be too long — acco-
modate 80 calls, which would mean that with call
order service the number of lines could be reduced to
1012, a reduction of 127 lines.

Consequently, a comparison gives the following fi-

gures for 76,400 calls:

Dilference
. Advance ; -
Bt order tothe detri- v]:uiaoii
Service| : ment of call |
Service 4] order | 4.,
service service |
Calls per operator hour| 330 25 305 |
Number of operators ... 33 470 437 |
Maximum occupied po- |
SILIONS  .evvriivnirinnnns 19 238 219 |
Number of connections
over B-positions at lo- |
cal exchanges ......... — | 76.400 76.400
Number of lines ......... 1.139|  1.012 — | 12 ‘
Exchange space required s Abt. 13
times mnrei
space

And just what do these differences signify in yearly
expenses ?
the call order traffic — naturally on condition that
the orders are received and registered by the regular
operators on duty, and not by a special order service
section — In excess of those required for direct traffic
must be better qualified than the B-operators for the
simple direct service and consequently receive better
However, if we disregard this difference in
salaries and assume the yearly cost per operator (sa-
lary, vacation and other remunerations) to be 2200
Swedish crowns — a low figure according to Swedish

The 437 operators required for handling

salaries.

standards — the increased cost for the call order ser-
vice would amount to .......... 961,400 crowns
The difference in the number of

operators’ positions — 219 —

gives an increased first cost of
abt. 800,000 crowns. 10 %
for interest and amortization, plus
maintenance, gives a yearly cost

6 AbE w6 wonanamn s s 135,700 »
The connections over B-positions at

the local exchanges at .004 cr. for

a vyearly traffic of 22,900,000

calls =i e S i TR 91,600 »

e 1] =



Fifteen times more space than for
(rentals, heat,
cleaning, light, etc.) abt. ......

direct service

50,000 crowns
Total 1,238,700 crowns

Thus we arrive at an increased cost of approximately
1.24 million crowns for call order service as compared
with direct service. In addition to this, however, we
have the cost of sorting and filing the call order tic-
kets, making out of bills, collection of fees, etc., all

We do not

of which amounts to considerable sums.

more clear we will investigate its aspects with regard
to call order service.

According to our experience, the cost for such short
distance calls with call order service is so great that
the tanff rate which could reasonably be imposed
would not compensate it, the sole reason for this high
These
conclusions are confirmed in a most interesting article
in the May 1927 number of Archin fiir Post und
Telegraphie, entitled Die neue Fernsprechordnung, in
which are given the costs for toll calls over various

cost being the large sums required for salaries.

R 857 Seven-Panelled Switchboard for Incoming Suburban Traffic. (The upper part of the multiple contains junction
lines to the various local exchanges.)

think it necessary, however, to go any further into
these details in this connection.

Against this enormous increase for call order service
stands only the cost of the 127 lines with which the
suburban net for call order service might possibly be
reduced. At the present prices for telephone cable
and maintenance, the corresponding reduction in the
vearly cost will be comparatively insignificant and can
be estimated at 40,000 crowns at the most.

Compensation for direct service.

In what manner shall a reasonable compensation for
the service be levied? In order to make this question

distances in Germany. The article shows that for
distances under 5 kms., between 5 and 15 kms. and
between 15 and 25 kms., the toll service occasions the
administration a direct loss.

For distances under 5 kms., the cost of a call —
not including a reasonable profit and other charges —
1s given as 32 pfennig, 25 of which went to salaries.
The tariff rate was only 15 pfennig.

For distances between 5 and 15 kms. the corres-
ponding costs were 37 pf. and the rate 30 pf. For
distances between 15 and 25 kms. the cost is 42 pf.
and the rate 45 pf., thus giving a surplus of 3 pf.,
which becomes a deficit of 6 pf., however, if the

— 19—



reasonable profit and other charges are taken into con-
sideration. Since the rate is figured per 3-minute
period while the costs are figured per call, the actual
loss decreases in the same proportion as a call is ex-
tended beyond the 3-minute period, but the total loss
on this category of calls within Germany is stated to
be about 22 million reichsmarks.

With the above described direct service, the net

cost for an outgoing suburban call has been reduced

LM Cricsson

Since the total costs for suburban calls, including
the cost of the lines, would be amply covered if these
calls were metered twice instead of once on the local
subscribers’ meters, this would be a simple method of
solving the tariff question provided the technical ar-
rangements required for such a change in the metering
of the calls would not prove too expensive. In Swe-
den, this problem has been solved by raising the yearly

subscription rate for service within the larger free ser-

R 858 Multiple of Seven-Panelled B-board for Outgoing Suburban Traffic,

to the cost for a junction call to another city ex-
change, plus the cost of completing the connection at
the suburban exchange, this latter being extremely low.
The cost of the service which lies within the city net
should be included in the local subscription rate. The
problem, therefore, is to cover the expenses for service
at the suburban exchange and the cost of the lines
themselves in a simple and effective manner.

For an incoming suburban call from the free service
zone, the cost of service within the city is the same as
for a local junction call, to which must be added the
cost of service at the suburban exchange plus the cost
of the suburban lines.

vice zones, not only for the local city subscribers but
also for the suburban subscribers.

The object of this article has been to show in a
general way how unsuitable call order service is for
traffic over short distances, with low cost of lines and
high overhead. The call order service is accompanied
by a much greater amount of work, the only result
of which is a greatly increased cost for which no
special advantages are obtained. The service is handled
in a roundabout way, which not only is an expensive
proposition in itself but also burdens the traffic with
waiting times and the subscribers with increased in-
convenience, besides which the rates for such short

13 —



distance calls — requiring special registration — can-
not be set high enough to give a reasonable profit.
Furthermore, the entire system puts a restraint on the
development of the traffic. 'With the introduction of
automatic switching, further measures for reducing the
personel required for handling the outgoing as well as
the incoming traffic can be devised.

The suitable size of the free service zone must in
each special case be determined with due consideration
The large size of the
Stockholm zone is due solely to the intense competition
which existed here during the first development of tele-
phone communications in Sweden.

for existing local conditions.

Call Order Service at the Stockholm Toll Exchange.

By Chief Inspector M. Agrell.

U nlike a number of other large toll exchanges, the
Stockholm exchange is not provided with a cen-
tral order section to which the various call orders
placed by the subseribers are directed for subsequent
distribution to the different toll positions. Instead the
toll call orders are received direct from the subseriber
by the toll operator who will effectuate the connec-
tion.

This method of handling the service has been in
use ever since the time when Stockholm did not have
more than two telephone exchanges — one local ex-
change with a rural service section and one toll ex-
change. The necessary equipment, however, has
undergone successive changes and modernizations along
with the growth of the net and the building of new
exchanges.

Originally, the ordering lines entering the various
toll positions were admitted directly to the multiple of
the local exchange and identified with designations
consisting of the abbreviated names of the exchanges
whose toll calls were handled over the corresponding
toll positions; also, these lines were arranged alphabe-
tically according to the names of the exchanges.

At the toll exchange each ordering line was pro-
vided with a drop indicator — which was actuated as
soon as the connection was completed to the corres-
ponding line at the local exchange — and a key by
means of which the operator could get in on the line
in order to receive the subscriber’s order.

In 1909, the Telegraph Administration opened a
number of smaller local exchanges in Stockholm, ori-
ginally intended for subscribers with residence 'phones.
These exchanges were not provided with direct order-
ing lines to the toll exchange, a connection for a toll
call order from a subscriber at one of these exchanges
being carried over the ordering multiple of the central
This traffic was handled in exactly the
same way as the junction traffic between a sub-

exchange.

exchange subscriber and a central exchange subscriber.

In 1916 the toll exchange was removed to a new
location. The switchboards which now came into use
were built on the same principle as the former ones,
it is true, but at the same time they displayed a num-
ber of rather important dissimilarities, of which only
those that have a direct bearing on the ordering lines
will be here described.

Each operator's position in the new toll exchange
was provided with two ordering lines with calling
lamps, placed on the vertical part of the board, and
keys, placed on the keyboard. In order to make it
possible for the operators to help each other with the
receiving of orders, the ordering lines were multiplied
in the nearest adjoining positions on each side. For
this purpose, each position was provided with six order
keys, the two to the left for making a connection over
the ordering lines of the adjoining left position, the two
middle keys for connections over the own lines, and
the two to the right for connections over the ordering

= g



lines of the adjoining position to the right. The order-
ing line lamps, on the other hand, were not multiplied,
but were provided with extra large linses so as to be
readily observed from the adjoining positions.

Thus — by means this arrangement, which is still
being used — if a signal is given over an ordering line
and the corresponding operator is busy with a toll con-
nection or the like, either the operator to the left or
the one to the right of her can receive the order.

In addition to this relief service, intended to exert
an equalizing influence on the answering times, the
manner in which the ordering wires at the local ex-
change were connected up underwent a change for the
very same purpose.

In the multiple of the central exchange these lines
were mutually arranged in the same manner as at the
toll exchange, i. e. the two jacks corresponding to the
ordering lines for a certain toll position were flanked
by jacks for the ordering lines belonging to the toll
positions adjoining the one first mentioned. In this
manner the local operator was able — in case both
ordering lines to a certain toll position were busy —
to establish a connection over one of the nearest two
lines on either side of the busy lines.

In this manner a sort of distribution of the order
recelving service among five toll operators was obtained,
1. e. if a local operator desired to make a connection
over either of the ordering lines belonging to toll po-
sition number 3 and these were busy, she could make
the connection over the lines leading to positions 2 or 4.
An order signal to position 2 could also be answered
by either of the operators at positions 1, 2 or 3 and
— 1f a line leading to position 4 had been chosen —
by an operator at position 3, 4 or 5.

Since the arrangement of the toll lines at the toll
exchange quite naturally could not be in alphabetical
order according to the names of the exchanges, it fol-
lows that neither could the multiple jacks of the or-
dering lines be designated as formerly with the names
of the respective exchanges alphabetically arranged.

Consequently — as well as for other reasons — the
rame designations in the local multiple were removed
and instead the jacks were provided in pairs with the
number of the corresponding position at the toll ex-
change. At the same time, a special Information Sec-
tion was organized, its duty being to give the local
cperators information as to the number of the ordering
line for a given exchange, since it stands to reason
that the many local operators could not be expected
to memorize the numbers of the various ordering lines,

neither was there space on the multiple boards for the
setting up of the necessary instructions.

The information operators, however, — which did
not number more than five to each relay and whose
only duty it was to give information as to the numbers
of the ordering lines — could easily be trained to
memorize these numbers. As an aid to the information
operators, however, lists over all the central exchanges
and larger distributing exchanges with the numbers of
the corresponding ordering lines were set up on the
switchboards.

The numbers were inscribed on removable number
pegs, thus facilitating a change if called for through
the moving of lines at the toll exchange. Besides, the
information operators were provided with lists of all
the telephone exchanges in the country with the names
of the governing central exchanges.

Thus, when a subscriber desired to place an order
for a toll call, the local operator depressed a button
for an order wire to the information section, causing
a disengaged information operator to be selected. The
local operator then repeated the name of the desired
exchange, receiving in reply from the information ope-
rator the number of the corresponding ordering line,
after which the local operator connected the calling
subscriber to either of the two lines with this number
or to one of the two adjacent lines on either side of
the same.

As concerns the call order traffic from the other
local exchanges, the procedure differed from the above
insofar that it was no longer directed over B-positions
at the central exchange but over special B-positions
arranged especially for this purpose and at the same
time functioning as information positions. For this
purpose, these boards were furnished with the same
lists etc. as the information boards, besides being equip-
ped with a necessary number of cords and plugs and
with the same reference multiple as the central ex-
change.

The increase in the number of subscribers at the
sub-exchanges and the building of new sub-cxchanges,
however, were responsible for a considerable increase
in the call order traffic over the above-mentioned re-
ference boards during the following year, at the same
time as the call order traffic from the central exchange
decreased on account of the removal of subscribers’
lines from this exchange to the sub-exchanges.

This
boards, at which time it was deemed wise to adopt a
uniform type of call order service for this traffic from
all the local exchanges.

necessitated an extension of the reference

As a result, the information



section was 1n 1919 replaced by reference boards and
the reference multiple of the central exchange was
changed to a common multiple for junction lines to
this reference board.

This type of service for the call order traffic from
the local exchanges has been retained unchanged since
1919.

The existing call order reference board with its
fourteen positions is shown in fig. 1, only ten of these
positions being fully equipped at the present time,
however, and not more than seven of them being occu-
pied by operators during the busy hour. As may be

R 829 Fig. 1.

seen, the keyboards are arranged as for regular B-
positions. The multiple contains the jacks of the or-
dering lines, numbered in pairs similar to the operators’
Above the multiple
are the lists containing the names of all the central ex-
changes in the country and those of the larger distri-
buting exchanges, with — to the left of each name —
the number denoting the position which handles the
These numbers
are inscribed on removable number pegs, making them
easily exchangeable in case a toll line should be moved
The reference
boards are also provided with an easily accessible list
of all the existing telephone exchanges in the country
together with the names — in certain cases — of the

positions at the toll exchange.

toll call to the exchange in question.

over from one position to another.

central exchanges over which the calls are handled.
As has already been mentioned, however, the trained
reference operators can in most cases effectuate the

connections with the respective ordering lines without
having to refer to either the lists of names over the
multiple or the complete list of exchanges. Conse-
quently, it is possible for a well trained reference
operator to effectuate as many as 600 reference con-
nections per hour.

The following method has been adopted for hand-
ling call orders from automatic subscribers. The sub-
scriber dials the digit 9 and is connected to a first
group selector which hunts for a disengaged junction
line to the call order reference board. When such a
line has been found, the corresponding lamp in the

reference board glows at the same time as the reference
operator is connected to the cord. When this opera-
tor answers “9”, the subscriber requests “Gothen-
burg”, for instance, and after having answered “Just
a moment, please”, the operator connects the subscriber
to the desired ordering line.

The toll operators themselves have recourse to the
call order reference service in those cases when —
with transfer calls — they wish to communicate with
one another. The service is then fully analogous to
what has previously been described.

In fig. 2 we see the keyboard of a toll switchboard
at the toll exchange. In front of the toll switching
devices and to the front may be seen the six keys for
an equal number of ordering lines. The calling lamp
for the own ordering lines of the position — corres-
ponding to the two middle keys — are located on the
vertical panel.



The arrangement of the ordering lines from a tech-
nical point of view is so simple as to require no special
detailed description. It is sufficient to state that the
pressing down of an order key connects the operator
to the line in question and at the same time disconnects
her from the rest of the equipment in her position.
T'hus, if the speaking and ringing key of a toll line is in
speaking position, the operator will be disconnected
from the toll line on the depression of an order key.
Although the decentralization of the call order service

in Stockholm 1s believed to have been accompanied by
more advantages than disadvantages, this does not mean
that this system in all cases is preferable to a centralized
service.

A choice between the two systems must be made
with due consideration for the special conditions ruling
at different tell exchanges, such as to what degree it
is possible to utilize the lines, the efficiency of the per-
sonel, whether several kinds of calls shall be permitted,
the existance of cancellations, number of requests for
information concerning ordered calls, linguistic condi-
tions, etc.

The existance or nonexistance of these and other

conditions will influence the value of those qualities
that are characteristic for the two systems and which
sometimes make the one preferable, sometimes the
other.

The decentralized call order service has the follow-
ing advantages.

The subscribers come in direct contact with the
cperator who will later on effectuate the desired con-
nection and are therefore able to obtain from her any
desired informaticn, such as concerning waiting times,
traffic conditions, etc.

Since subscribers often have their toll traffic con-
centrated to certain localities and certain persons there,
it is of advantage to the subscribers to be able to give
their call orders to operators who not only are well
acquainted with traffic conditions over the line of
communication in question but who also possess a wide
knowledge as to which subscribers can be regarded as
daily users of the various traffic routes. This is of
special advantage for the international traffic where
the language problem must be considered.

Information as to previously ordered toll calls may
be obtained and calls cancelled much more convenient-
ly with decentralized call order service than with the
other type.

During the time a line stands idle, incoming orders
can be more quickly effectuated than with centralized
service with all its intricacies.

Finally, the toll boards are not encumbered with
all the expensive pneumatic dispatch paraphernalia
which accompany centralized service arrangements, de-
signations required to enable the operators to give the
subscribers desired information as to waiting times, etc.,
as well as arrangements for communications between
the centralized service operators and the toll operators
or for giving the subscriber a through connection to the
tcll boards when it may be necessary to obtain infor-
mation direct from the toll operator.

The greatest advantage which centralized service
possesses over the decentralized call order service lies
undoubtedly in the possibilities it offers for a better
distribution of the work and for the adjustment of the
personel to the intensity of the traffic resulting in short-
With the ar-
rangements at the Stcckholm exchange, however, enab-
ling three or even five toll operators to codperate in

er and mcre uniform answering times.

the receiving of order calls it has been possible to so
restrict the length of the answering times as to make
them entirely free from criticism on the part of the
public.



Whether or not the better utilization of the per-
sonel obtainable with centralized call order service
means a direct saving in the total expenses for the toll
service naturally depends on to what degree the total
amount of work is increased by the sorting and distri-
bution operations etc. which accompany centralized
service, and also to what degree the decrease in work

N
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for the toll operators — resulting from their not having
to receive the call orders — can be compensated by
other work.

In most cases it is more than probable that a cen-
tralized call order service will not result in any finan-
cial saving.

Stockholm, December 1927.

Mauritz Agrell.




Making Register Connections by Means of Cord Circuit Finders.

By Prof. R. Trechcinsky, of the Warsaw Institute of Technology.

S ince a register belonging to an automatic system
is engaged only during the dialling of the num-
ber and the setting of the switches, and not during
the conversation, the number of registers provided for
a certain number of cord circuits is smaller than this
latter and is determined by the existing traffic condi-
A disengaged register is connected to a certain
cord circuit by means of a line finder. Either the
cord circuits or the registers can be provided with line
finders, these latter then being termed register finders
or cord circuit finders respectively.

tions.

There are two alternatives for the connecting of a
register to a cord circuit by means of a cord circuit
finder. According to the first alternative, all the cord
circuit finders belonging to disengaged registers are set
in motion as soon as a call enters a given group, and
do not stop until the right cord circuit has been found.
In the second alternative, the cord circuit finders of
all the disengaged registers — or of only a certain
number belonging to the group in question — are
actuated and successively come in contact with all the
cord circuits within the group until under certain con-
ditions a permanent contact with one of the cord
circuits is established. This last alternative is dealt
with in the following.

An example illustrating this principle is given in
fig. 1, which shows this method as applied to the
Ericsson automatic system — called ‘Salme’ on the
diagram — and to junction lines between the same and
the Strowger system of Siemens & Halske — called
‘S & H’ on the diagram.

A. With the Ericsson system, the registers are
connected up by means of cord circuit finders accord-
ing to the method in question and in the following
manners, depending on the varying traffic conditions.

I. The number of cord circuits required for a cer-
tain group of subscribers’ lines can be calculated with
sufficient precision by means of the following for-
mula:

x=017xSMx VC*

where S equals the number of calls per subscriber
during the busy hour, M is the average gross length
of calls in minutes and C is the number of subscribers’
lines in the group.

Assuming that S= 1.5, M = 2 and C — 500 we

obtain the following:

x=017 x 3 x V5002 = 32,
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These cord circuits require a certain number of
registers which is obtained by means of the formula:

Ra=0.07 5 VC*=0.07 x 1.5 x 15002 = 7.

Each register is provided with a sequence switch
SOD adapted as a cord circuit finder and with thirty-
six contact positions. During the rotary movement of
this cord circuit finder, the register is successively con-
nected up to the thirty-two cord circuits. The cord
circuit finder stops as soon as it has found a disen-
gaged cord circuit, the register being then connected
to this cord circuit and to its line finder A4S. When
a call enters the five-hundreds group, only such idle



line finders as are connected to idle registers are ac-
tuated in order to find the calling subscriber’s line.
If all seven registers are simultaneously connected up
to idle cord circuits, an incoming call entering this
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Fig. 2,
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group will consequently actuate seven line finders.
After the register has completed its various functions,
its cord circuit finder SOD continues to funtion until
a new idle cord circuit which is not already connected
to a register has been found, and so forth.

registers, 1. e. to lessen their number, the subscribers’
lines are suitably brought together in larger groups
with common registers.

In such a case the connection is made as indicated
in the diagram shown in fig. 4.

Under identical conditions, the above formula gives
a smaller number of registers for one group of 1000
lines:

Ra = 0.07 x 1.5 x V 1000% = 10.

Assuming that the peak loads in a group of 1000
lines are of no practical importance, this result indi-
cates that five registers is sufficient to handle the nor-
mal traffic within each five-hundred group. The two
registers required — according to the previous calcula-
tion — for an additional five-hundred group can
therefore be considered necessary to handle the above-
mentioned peak traffic loads. If several five-hundred
groups are assembled so as to form one large group,

the number of registers Rn required to

o T ‘ < - == handle the peak traffic load can be
" 1 J ( s == -=—]1| calculated by the aid of the formula:
: EP ‘” -g-' Z E = = = | R:n = 2VGj00
° = = = ‘ e in which G;,, = the number of five-
r =% —_—7 T
E-—H"——x C | czz = = = hundred groups.
= § = ‘ e SuRAcE Thus, for four groups of five hund-
R (1 : =k red lines each, i. e. for 2000 sub-
- | { Ce—:= scribers’ lines, we will require
== _._| | T | : T
= { ﬂ'-’ "| T r‘| Rn = 2 V4 =4 extra registers,
s=ths "‘:‘ ml| - %m | and consequently, the total number of
||. ‘ ‘ ‘ registers required for 2000 lines
= Il Re=5%Gyp0 + 4 =5x4+4=24.
R 769
This arrangement is shown in prin- ‘ J‘
ciple in the diagrams, figures 2 and 3. | S 11—
Each group of 500 subscribers’ lines [ J ) )
is alotted a certain number of registers \ 7 . E3 =
with their cord circuit finders. In this * L eEr— . ——t o
case, a plant with 10,000 subscribers’ Ly es==m—= = Setm
; f 4 4 —fﬁ.__‘ 7S T .
lines will require 140 registers and an R 1 = = ——=
equal number of cord circuit finders s = T?L—S j%:E
SOD. . = e ”j—
II. In a small group of subscribers’

lines, the peak traffic loads are more fores

noticeable than in a large group on account of the
varying demands of the subscribers on the service,
due consideration having been taken to this fact in the
In order to lessen the in-
fluence of these peak loads on the required number of

above-mentioned formula.

Fig. 3.

Since the cord circuit finders — as has already been
stated — have thirty-six contact positions, it is pos-
sible — in the present case — for a register to make

4 — 9 of the thirty-two lines

a connection to only

— 20 —



in each of the four sets of cord circuits for the four
groups.

In order to prevent all the registers from being
connected up to the same set of thirty-two cord cir-
cuits, thus depriving the other three sets of the neces-
sary register connections, the number of registers which
can be connected to the same set of cord circuits is
limited. An arrangement of this kind is shown in
fig. 5, in which the number of registers which can be
connected to one set of cord circuits is limited to four.
Each cord circuit i1s provided with an indicator relay
MR and each set of thirty-two cord circuits with a
similar relay GMR and three control relays KR.
When relay GMR energizes, this indicates that the
entire set of cord circuits is busy. This occurs when
any four of the relays MR are energized, i. e. as
soon as four registers have been connected to the same.
Thus, out of twenty-four registers, only sixteen are
i] |
i

to provide some arrangement whereby a disengaged
register will obtain a connection with the set which
for the moment has the least number of registers. This

ol ][] T o flo
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G 9 |9
Gl & I

R 770 Fig. 4.

function is filled by the control relays KR. A set
with no registers is indicated by the relay KRR,,, one
connected register by KR,, and two connected re-
gisters by KR,.. In the above example, therefore,
sets 1, 2 and 3 are indicated as not fully occupied by
means of the relay GMR only, all the control relays
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connected up, the other eight remaining in their rest
positions. As soon as one of the four connected
registers begins to function — resulting in the setting
of the sequence switch of the cord circuit in question
from position | to position 2 — the indicator relay
MR is de-energized. This causes relay CGMR also to
de-energize, upon which the cord circuit finders SOD
of all the disengaged registers are set in motion for
the purpose of finding a disengaged cord circuit in
this set.

Even though the traffic may be heavy, it is possible
that none of the cord circuit sets are indicated as busy,
for instance if three sets occupy three registers each
It might now be
possible for the first disengaged register to connect
itself to a line in a set that already has three registers
at its disposal, the fourth set still having but one re-
gister at its disposal. For this reason, it is necessary

and the fourth set only one register.

" fourth.

for this set of cord circuits remaining de-energized.
In the fourth set, on the other hand, KR,, is energized,
causing negative to be connected to the indicator lines
G/, G2 and G3 of the first, second and third sets
respectively. These three sets of cord circuits with
three registers each are now indicated as occupied,
causing the next disengaged register to be connected
to the fourth set instead of to one of the other three.

Still another example is given by way of illustra-
If the cord circuit set no. 2 had only two
connected registers at its disposal, KIR.. would also
energize, and the line G4 be connected to negative.
Hoewever, this connecting takes place only when this

tion.

set of cord circuits has three connected registers at its
disposal, and consequently it does not influence the
Since relay KR,, is energized, the circuit
from positive to all the relays KR,., KR.., KR,. and

KR, is broken at contact a. As a result, relay

SN



causing set no. 2 to be indicated as occupied.

If each of the sets nos. 1, 2 and 3 have only two
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connected registers at their disposal, the relays CGMR,,
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GMR. and GMR, are energized over KR,., KR..

and KR,
nected at contact ¢ in KR,,. This condition will
arise even if the fourth set of cord circuits has no

!
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GMR, is not short-circuited, but remains energized,

respectively, since positive has been discon-

cord circuit finder. After inserting the values for this

special case we get

,_32x4

X

(V 32)(4 ) DY

The number (x_,) of cord circuits is therefore
Xs=x+x' =32+ 3 =35.

With systems where an insufficient number of
switching devices is responsible for lost calls or for
the giving of a premature busy signal, the necessary
increase in the number of cord circuits is much greater
and cannot be figured with the aid of the foregoing
formula, as it sometimes can amount to three times as
much. In the present case, the saving achieved
through the reduced number of registers is ample to
cover the increase in the number of cord circuits. At
the same time, it illustrates the importance of using
good judgement in the choice of ways and means to
reduce the first cost. They can often lead to the very

opposite.
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connected register at all at its disposal. In such a case
the first three sets are indicated as occupied and the
next disengaged register will be connected to set no. 4.

Since each register, as already mentioned, can only
be connected to a certain limited number (9) of cord
circuits, it might even happen — with intense traffic
— that these cord circuits are all busy when the re-
gister becomes disengaged. Such a condition would
unnecessarily delay or even paralize the functioning of
In order to increase the
chances of the register finding a disengaged cord cir-
cuit among the nine of the set, it is necessary to in-
crease their number according to the formula

the cord circuit finders.

XXG.,.”,
R

X

/ x X Gaz)n_

JUET:

where Rk, is the number of contact positions of the

Fig. 7.

Another solution intended to eliminate the above-
mentioned drawbacks is shown in the diagram in
fig. 6.

In accordance with the previously given method of
calculation, each group of five hundred lines is pro-
vided with five registers which can be connected to
any one of the cord circuits in the same set. The
excess traffic is taken care of by registers which are
common for several sets of cord circuits and which
can be connected to every line in all the sets by means
of double cord circuit finders. As already mentioned,
two registers per group are required for this purpose.
Thus, an exchange with 3000 subscribers’ lines,
six five-hundred groups and six sets of cord circuits,
In order

i e

would require twelve additional registers.
to reduce this number as much as possible. two re-
gister lines per group or 2 >( 6 = 12 lines and twelve
cord circuit finders are reserved for this purpose.

22 —



These lines connect the respective finders with a group
of common registers ARr, whose number (R.") is
calculated by the aid of the formula

R/ =044 x Sx Vx* =044 x 1.5 x Vx’
which — under the former conditions — gives six
registers, or a total of thirty-six instead of forty-two.
According to this principle, an exchange of 10,000
lines will require 120 registers and 160 cord circuit
finders. The schematic diagram for such a plant is
shown in fig. 7. The control relays KR prevent the
connecting of the registers ARr to a set of cord cir-

desired number, the register must be ready to starl
functioning and only those lines — in a ten cord cir-
cuit set — to which a register is already connected
shall be indicated as occupied. These are the three
above-mentioned registers and it is only between these
three that a first group selector in an S & H exchange
can choose. When the selecting process is finished,
this cord circuit is indicated as occupied. As soon as
the connection between the subscribers is completed,
the register leaves this cord circuit and seeks another
idle one to which no register has yet been connected.
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cuits which already has five registers at its disposal,
i. e. when the set in question is fully occupied.

B. Traffic from the Siemens & Halske automatic
Strowger system lo the Ericsson automatic system.

I. This connection passes over the first group se-
lector of the S & H exchange, by means of which
— with a 5-digit system — the desired ten-thousand
group is selected. The first group selector hunts for
the first idle cord circuit in a set of ten. The re-
quired number of registers for a set of ten cord circuits
is obtained from the following:

Rn=044 x S x Vx* =044 x 1.5 x V102=3,
Since an S & H exchange subscriber can imme-
diately dial the second and remaining digits of the

Fig.

B,

II. A set of ten cord circuits seems to be rather
insufficient. With a standard construction of cord
circuit finders it is possible to group together three
ten-circuit sets, these thirty cord circuits then being con-
nected to common registers. The necessary number of
common registers will then be

R =044 x 1.5xV302=7

instead of nine. Such a connection is shown in the
diagram in fig. 8. Two registers for cach set of ten
cord circuits is maximum, the seventh register being
held in reserve to handle the excess traffic loads in
the various sets, the right of precedence being given
by means of the relay KR to that set of cord circuits
which for the moment has the least number of con-
nected registers at its disposal.

— Y —



Time Recording.

Paper read by Mr. H. Josephsson at the regular fall meeting of the Swedish
Cotten Mfrs. Association held at Boras December 10, 1927.

ln the same measure as working hours have become
shorter and wages higher, so also has it become more
and more necessary to replace the rather primitive me-
thods of bygone days with other and more efficient
ones for supervising the times of arrival and departure
of the employees.

Probably the most primitive method to have found
application was to close the factory gates at the be-
ginning of working hours so that those workers who
arrived late were forced to return home. Formerly,
when working hours were longer and wages lower
than they are now, a system of this sort might be to-
lerated; at the present day, however, it is altogehter
condemnable. Already the loss of a few minutes time
at the beginning of the day is expensive and to be
avoided as far as

Another system — also condemnable, but more ge-
nerally used than the one just mentioned — is the well
known arrangement with numbered brass checks.

The check system can be used in a number of ways.
The most common is to let the workers on their arrival
hang their checks up in a cabinet placed at the factory
closed and locked when
workers who arrive late

entrance, the cabinet being
the whistle blows. These
must hand in their checks
writes down their numbers.

to the time-keeper, who
This system has many dis-
advantages, one of them being all the writing which
it occasions and in which mistakes may occur; another
disadvantage 1s the fact that this method gives no in-
formation as to the exact’length of the working time.
Also, the worker is at the mercy of any ill feeling on
the part of the time-

possible, but to wil-
lingly forego a half
or probably a whole
days work is much
worse. | he excuse
that the worker re-
ceives no pay for
this time most cer-
tainly does not justi-
fy the adoption of
such a system, since
it i1s the factory it-
self that suffers
most from a re-
duced output, less
effective utilization
of machines etc.
Notwithstanding,
the method of clos-
ing the factory gates
is still to be found among some of cur smaller industrial
plants.

R 786

The day can not be far distant, however,
when it will be substituted by something better; if not
before, so at least when the owner awakens to the fact
that this system, which seems so simple and cheap, in
reality 1s very costly.

Time Recorder and Card Files for Registration of Times of Arrival
and Departure,

keeper and may be
subjected to unfair
treatment.

It
than
since

1S now more
twenty years
time clocks
were introduced  in
an attempt to reme-
dy these various dis-
advantages. Cne or
moresuchtimeclocks
by means of which a
record of the work-
ers times of ar-
nval and departure
was obtained on a
list or card were set
up within a factory,
the them-
selves making this

workers

record by punching the clock on their arrival at and
departure from the factory. The introduction of time
punching constituted a considerable advance towards
the ultimate goal — an accurate and absolutely impar-
tial recording system.

The first apparatus that came into use were for the



punching of lists and were so constructed that the
worker — by the manipulation of a lever handle —
stamped the time in a certain column on the list.

A reversing device permitted the apparatus to be set
for the stamping of either time of arrival or time of
deparlure.

Before making a closer investigation of the develop-
ments in this branch, we will make an abstract of the
various requirements which, from a point of view of
organisation, must be met by the system which is to
provide an absolutely satisfactory solution of the time
recording problem.

The above-mentioned time clocks for recording the
time on lists were equipped — this being the next step
in their development — with bi-coloured inked ribbons
with an automatic switching device arranged so that
tardiness as well as time off was stamped in red,
other time figures being stamped in blue, an arrange-
ment which facilitated the inspection and calculation
of the working times.

The next step was to introduce cards instead of the
previously mentioned lists so that every worker had his
own card. In this way all the various working times
for a worker during a one week period were grouped

Main Clock

Frogramme Clock with

IrpulseClock

Switch and Fuses

——

ElectricBell

Elec. Signal Horn
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Schemalic Diagram for Time Recording Plant with Signalling Devices,

In the first place the system shall function with per-
Since each worker’s time as well as
eventual irregularities, such as tardiness, time off, over-
time etc., are based on the data obtained by means of

fect accuracy.

the time clock, it is an imperative necessity that these
data are absolutely correct and do not become incor-
rect and misleading through any fault in the function-
ing of the time clock.

Further, it shall be required that the punching can
be done quickly and simply so as to eliminate all mis-
takes. The stamped figures shall be arranged so as to
permit the quick and accurate calculation of required
data, such as working time, etc., for the pay roll as
In addition, the
time clock shall be so constructed as to permit the re-
cording of time of arrival as well as time of departure,
time off or overtime, without having to be ‘reset’
either by the worker himself or by the shop foreman.

well as for statistical purposes.
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together on a single card, this latter being subsequently
used to figure out the total working time and also —
in many cases — the wages.

In the beginning, it was customary to place the time
clocks close to the factory entrance; now, however, it
is becoming more and more costomary to place them
in the respective shop departments. In the former case
more or less time must elapse between the punching
of the clock and the moment when work can actually
begin at the workbench or machine, these being often
at quite some distance from the factory entrance.

The aim, therefore, is to place the time clock as near
as possible to the spot where the work is actually carried
on and to let the stamping of the cards take place —
wherever practicable — after the completion of various
preliminaries, such as change of clothing, etc. In this
way the recorded time will correspond to the actual

working time. If, when the punching takes place at



the factory entrance, an average of five minutes is lost,
this means ten minutes per man and day, which, with
a force of 200 men, will amount to a loss of 10,000
working hours per year.

When such a tremendous loss of time can ensue
merely from the unsuitable placing of the time clock,
the importance of paying close attention to this detail
is apparent enough without having to be additionally
accentuated.
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Switchboard for a Large Time Recording Plant,

The workers do not suffer any inconvenience by
having to record their time near the spot where their
work is accomplished instead of at the factory en-
trance, but — as already pointed out — this method
can be of the utmost importance to the company. In
this connection it may be of interest to point out that
the replacement of the old check system by a modern
time recording system is of just as great advantage to
the workers as to the employer. It must quite na-
turally be equally satisfactory to both parties that the
time recording takes place without friction and in such
a manner that all chance of unfairness will be elimi-
nated. With a system of this kind every worker be-
comes his own timekeeper and there is no occasion for
disputes.

As a result, the use of time clocks is being more and
more appreciated by the workers themselves and there
are several instances when, during negotiations between
labour and employers, the workers have come with
direct proposals for the introduction of time recording
in the factory where they were employed.

We will now return to the time clocks themselves
and their construction, and see to what extent existing
types meet the enumerated requirements.

To begin with, it is rather interesting to follow the

development of the time clock with reference to its
reliability.

The first time clocks were pendulum-clocks com-
bined with a mechanism which permitted the recording
of the time. Such time clocks are still being manufac-
tured, in spite of their many disadvantages, one of
these being the serious strain to which the clock works
— always more or less delicate — are subjected by
the constant jarring resulting from the recurrent punch-
ing. Another disadvantage is that in a factory in
which a number of time clocks are installed, it is ex-
tremely difficult to make them all keep exactly the
same time, this — In turn — giving rise to other dis-
advantages. For instance, let us assume that a whistle
or siren sounds when work is to start. The punching
of the clock should have taken place before the whistle
blows. If one of the time clocks gces say two minutes
ahead of the one by which the whistle is blown, the
condition can arise that the workers who punch this
clock before the whistle blows — consequently in
time — still may have a time card which shows a
tardy arrival.

Main Clock with Automatic Electric Winding,

In order to remedy these two disadvantages — the
damage to the clock-works and the difficulty in making
several clocks run exactly alike — a system with cen-
tral control was finally devised.

This system is provided with but one real clock with
clock-works, a so-called main or control clock. Elec-
tric impulses, which actuate electromagnets in the va-
rious time recording instruments connected to the sys-
tem, are sent out from the main clock at the rate of
one per minute. The time recorders are not regular
clocks with delicate clock-works but instruments pro-



vided with a simple but sturdy stamping device and
directly actuated by the impulses from the main clock.

The desired uniformity in the time indicated by the
various recorders is also obtained, since there is but one
set of clock-works.

It has been claimed that electric time recording
systems are combined with a certain degree of uncer-
tainty due to the danger of broken circuits and line
trouble between the main clock and the time recorders.
In actual practice, however, this danger has been found
to be negligible, as trouble of this kind very rarely
cccurs.  Also, electric time recording systems are be-
coming increasingly popular.

With reference to the speed and accuracy with
which the recording operation is performed, it is cha-
racteristic for the majority of systems that the time card
must be inserted in the recording apparatus with the
reverse side turned outwards, in some cases upside
down as well. This must be considered as a decided
disadvantage, partly because the time card — if the
worker forgets to turn it around — is easily stamped
on the wrong side.

Impulse Clock.

The entering of the recorded time in the correct
column usually takes place in the following manner.
That portion of the card which will receive the stamped
time records is divided into six vertical columns and
seven horizontal spaces. These latter are one for each
day of the week, three vertical columns being for ar-
nivals and three for departures. The vertical setting is
automatic in that on each consecutive day the card is
stamped in the space below that of the preceding day.
For the horizontal setting, the apparatus is adjusted by
hand so that the first record in the morning is stamped

in the first column to the left. Before stamping the
second time record for the day, the apparatus 1s set so
that the time record shall come in the second column,
and so forth.

In some concerns, this setting of the apparatus is done
by the worker himself, but more generally by the fore-
man. In the former case numerous mistakes occur,
while in the latter it is necessary that the foreman pay
close attention to the setting of the apparatus at the

Automatie Time Becorder,

right times. If a worker is granted time off, the fore-
man must accompany the worker to the time recorder
in order that the worker be able to stamp his card, and
when he returns to work the foreman’s presence is
again necessary for the stamping of the card. This
condition holds good also with regard to overtime. In
those cases when the work is carried on in shifts the
disadvantages are even greater, since it can occur that
time cards must be stamped alternately for arrival and
departure in the same time clock.

The ideal time recorder would naturally be one with
automatic vertical as well as horizontal setting.

It was just such an apparatus that .. M. Ericsson
set out to design when it was decided, some ten years
ago, to take up the manufacture of time recording in-
struments. [he construction was completed and ap-
proved a few years ago, enabling .. M. Ericsson to
place a full automatic time recording system on the
market.

The problem of automatic setting in a horizontal as
well as a vertical direction had been solved in a both
The time card was di-
vided into seven vertical columns and eight horizontal

simple and efficient manner.

spacings, the former for the seven days of the week
and the latter for four sets each of times of arrival
and of departure. The horizontal setting takes place
automatically at midnight. The vertical setting 1s taken
care of by means of a hole which is punched in the
card simultaneously with the stamping of the time,

=P =



this hole determining the position of the card for the
next stamping.
The result of this arrangement is that each card is

handled individually by the time recorder. Thus, the

same recorder can stamp a card ‘/n’ the moment after

Eleetrie Signal Horn,

having stamped another one ‘Out’ or a third for ‘Time
off', etc. Also, the manner in which the card is spaced
gives such a clear arrangement of the time records that
the calculation of the working time is greatly facilitated.

The recording apparatus constructed for cooperation
with the main clock are enclosed in a casing of
lacquered sheet iron and are comparatively small, re-
quiring much less wall space than the old fashicned
time clocks. The face of the recorder is provided with
a clock dial, an indicator behind a small apperture
showing whether the inked ribbon is set for blue or
The colour shift-
ing device is constructed so that
the shifting of the ribbon on Sa-
turdays can take place at a dif-
ferent time than on the other week

red stamping.

days.

These recorders differ from
older types also in that the card
is stamped on the front side with-
out having to be reversed during
the stamping operation.

The card files are made in
secticns, each section for twenty-
five time cards; thus the files can
easily be extended for twenty-five cards at the time.

In addition to the above described time recorders,
apparatus for actuating automatic signal devices at
the beginning and end of working hours, secondary or
impulse clocks for indicating the time, time recorders
for piece work and watchmen's tell-tale clocks can be
connected to the main clock.

The automatic signal device consists of either an im-
pulse signal clock or a program clock. It is possible
to set the signals for different Saturday times with
either the one or the other of these devices.

Signals are given by means of electric bells, horns
or sirens, these devices being adjusted to conform with
the desired volume of sound.

The impulse clocks are driven by means of minute-

The Clock in the Tower is Actuated by the Same

Main Clock as Some Ten Time Recorders,

impulses, in the same manner as the time recorders.
The works are of a simple and very sturdy construc-
tion, and consist of an electromagnet placed between
two permanent magnets and provided with two arma-

Automatic Time Becorder with Cover Bemoved,

tures which are actuated by the current impulses from
the main clock and which drive the hands with a per-
fectly silent movement.
from the driving magnet to the hands of the clock by
means of a worm gear, thus doing away with the large

number

The movement is transferred

of gear wheels which
are usually to be found in clock
works and ensuring a smooth
movement in spite of the gener-
ously proportioned bearings.

The number of time recorders
and impulse clocks which can be
actuated by the same main clock
is practically unlimited, although
one or more relays are necessary
with larger numbers.

The standard
signed for 24-volt direct current,
power being obtained from a storage battery.

types are de-

The charging instruments, meters, fuses and program
clock — if such a one is used — for the entire plant
are all mounted on a common switchboard.

From what has here been said, it is apparent that a
modern time recording plant functions with such ac-
curacy that it must be a most effective aid to the em-
ployer, whose chief aim it always is to operate his fac-
tory in the most efficient manner.

The accompaying table shows how long time it
takes for a time recording plant for a factory with
two-hundred employees to pay for itself through time
saved.

The first cost is assumed to be 3500 Swedish



crowns and the value of the time saved to be one crown
per hour and employee.

Calculated First cost of time recording

time saved plant calculated at 3500

in minutes at | crown per .
per day & i oar crowns; with .Zﬂ{le:n;:al(:ay'ees:I

employee this amount is saved in |

Value per year

I 1000 crowns 31/, years |
2 2000 > 2 |
3 3000  » 1Yy »

4 4000 » | | ;

5 5000 » | 3/4

There certainly is no exageration in the assump-
tion that five minutes per man and day are lost in a
factory that cannot boast an efficient time recording
system.

Moreover, we must not forget that the values given
in the table do not include anything except the direct
The indirect gains which ac-
company the use of modern time recording methods
must also be taken into consideration, and these are
often of no small importance. We allude to the fore-

loss or saving in time.

mens time, which can be put to better use than to
keep track of the arrivals and departures of the em-
ployees, to the elimination of time disputes between
the foremen and the workers, to the absolutely re-
liable statistical information obtained, etc.

In this connection it may be well to point out that
it is of no less importance to keep accurate records of
time used on piece work than for regular time work.
Here we are up against the fact that shorter working
hours mean reduced production. The total cost of
production is not diminished, consequently it becomes
greater per manufactured unit or figured in percentage
of the value of the article.

In addition to the manufacture of time recording
apparatus, .. M. Ericsson executes the work of in-
stallation, the plants being delivered under the com-
pany’s guarantee. Also, [.. M. Ericsson is in a posi-
tion to prepare complete projects for time recording

installations, special attention being given existing local
conditions in order to obtain the highest possible degree
of efficiency.
cbtaining more detailed information or advice on this
subject are requested to apply at our nearest agency, a
step which incurrs no obligations but may lead to most
profitable results.

Industrial concerns who are desirous of
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During What Length of Time and with how Large a Capacity
shall a Manual Exchange be Retained in an Otherwise
Automatic Telephone Net?

here 1s no doubt but that it is practically impos-
sible to answer this question in a general way,
since each separate case has its own individual and
local factors, which must be taken into consideration
and which are of the utmost importance.
These factors — among others — are as follows:

I. The desire to retain P. B. X. and other sub-

scribers with a heavy outgoing traffic at the ma-

nual exchange.

The age of the manual exchange.

The possibilities for obtaining the capital required

for a sufficiently speedy automatization.

4. The restriction of
the cost of junc-
tion traffic bet-
ween manual and
automatic  sub-
scnibers and the
possibility of in-
stalling the equip-
ment and switch-
boards necessary
for the junction
traffic.

5. The possibility
of using the spe-
cial junction traf-
fic equipment for
subsequent auto-

W N

matic traffic.

6. The growth of
the net.

7. The number of
subscribers which
can be simul-
taneously cut over from the manual to the automa-
tic exchanges.

In order the better to illustrate the viewpoints to
which this article desires to call special attention, the
following fictitious example from a city with a manual
telephone exchange will be treated.

R 837 Fig. 1.

An approximate layout of the city is given in fig. 1.

All of the city's telephone subscribers are at the be-
ginning of 1928 connected to a manual exchange in
the centre of the city. The exchange has a capacity
of 54 000 lines, the present number of subscribers be-
ing 44 000. The exchange comprises 320 local posi-
tions.

It 1s taken for granted that automatic exchanges
will be provided for handling the future development
of the net. For projecting these exchanges, the city is
divided into nine sections (see fig. 1), each section
with a final capacity of twenty to forty thousand sub-
scribers’ lines.

The manual ex-
change has recently
been completely re-
novated and modern-
ized with respect to
all the relays, cables
and switchboards, so
that the telephone ad-
ministration is desirous
of retaining the same
as long as possible.

The call frequency
is 1.5 per subscriber
during the busy hour.
Of this number, 1.1
calls result in conver-
sations with a met
average duration of
two minutes, 0.4 calls
being lost on account
of busy subscribers’
lines.

The requirements and formulae necessary for the ana-
lysis of the problem in hand are given in the following.

The growth of the number of subscribers in the city
is studied by means of the graph in fig. 2. The
straight line represents an increase of 6000 subscribers
per annum.



The full-drawn curve represents an increase of 50
% in the number of subscribers during a five year pe-
riod. This curve probably represents the actual growth
more accurately, but — in order to simplify the pro-
position — the increase curve is assumed to coincide
with the straight line until the beginning of the year
1938, after which it follows the dot-and-dash line un-
til it meets and coincides with the full-drawn curved
line.

available through the discontinuance of a subscription
cannot immediately be given to a new subscriber. This
is taken into consideration in the following formulae.

By factor of interest is meant that number with
which the traffic, divided in proportion to the number
of subscribers, shall be multiplied in order to obtain
the actual traffic in a given direction.

For traffic from automatic to manual, a factor of
interest of 1.23 is assumed, while for traffic from

a1
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In the following diagrams the years are denoted in
a corresponding manner.

A call to an engaged subscriber is assumed to take
o of a minute.

For the junction traffic from the manual exchange
to the automatic exchanges the switching devices and
junction lines are assumed to be engaged during 3
minutes for the establishing and disconnecting of one
connection.

The corresponding time for the traffic from the
automatic exchanges to the manual exchange is as-
sumed to be .125 minutes.

In a well planned telephone net, at least 10 7% of
the total capacity of the exchanges should always be
in reserve, since a telephone number which has become

31

1942 19%-%

manual to automatic the corresponding value is as-
sumed to be .9, the traffic from the outlying districts
to the more central parts of the city being propor-
tionately greater than that in the opposite direction.

The capacity of the manual exchange is represented
by M, that of the combined automatic exchanges by
A, while the total capacity of the entire net is re-
presented by V.

The traffic from manual to aulomatic is assumed to
be TMA speaking minutes and the traffic from auto-
matic to manual T AM speaking minutes.

For the manual subscribers, the number of speaking
minutes per subscriber during the busy hour is

1.1 2+ .3) +4(1 +.3) = 2.69,



the number of speaking minutes for all the manual
subscribers being

OxMx2.69:

while with proportional division

A
A+ M

speaking minutes go to the automatic exchanges.

Therefore:

x . 9x Mx269

A
TMA=.9 X 4 +Mx.9XM><2.69
or
AM
TMA = 2.18 X4 M
Analogously, we obtain
AM
TAM—2.69xA+M.
Further,
N=A4+ M.

Each operator at the manual exchange is allotted a
certain number of jacks for the junction traffic to the
automatic exchanges. A certain number of these are
individual for a certain operator and consequently need
not be provided with test circuits; the remainder, on
the other hand, are multiplied over several positions,
wherefore testing is necessary.

In this manner each operator is alloted K junction
lines, on an average. We figure here with 31.2 use-
ful minutes per junction line during the busy hour,
which — with 320 operators — gives us

K 218x4M
T 312x3204+M) ™
M A
K=2\8% 10000 * 4 «. 0"

We can assume ten B-operators (with key sets) per
two hundred lines for the traffic from manual to auto-
matic. (How we arrive at this figure is of no interest
in this connection.) The number of B-operators is

therefore

10
B=Kx 320)(200 or
B =16K.

The traffic from automatic to manual is assumed to
pass over connectors at the manual exchange. If we
assume 108 500-groups for the manual exchange we
obtain

TAM
108

speaking minutes per group.

The number of connectors I} is obtained by means
of Erlang’s curves (see The L. M. Ericsson Review,
Vol. I, nos 5—6: “Calculation of the Required
Number of Switches for Automatic Telephone Ex-
changes”) with an assumed grade of service of 3 "/,

As a second alternative, it is assumed that the traf-
fic from aufomatic to manual is handled over call in-
dicator positions by operators at the manual exchange.
The number of operators LAT is determined on the
basis that each operator can handle 600 calls during
the busy hour.

The number of incoming calls during the busy hour

M A

=29X 0% 4+ M

is

AM
1es x AV
and
166 AM M A
LAT= 00 X4+ M= 2T 1000 4+ M

In the following table I the values of K, B, LV,
LAT, A and N are based on the assumption that the
manual exchange has a constant capacity of 54 000
lines.

An auxiliary factor :fA _fM has been used for

calculating the values in the table.

The corresponding curves for K, B, LV and LAT
are plotted in fig. 3 with the total number of sub-
scribers NV as an independent variable, therefore

K = F (N)
B=F (N)
LV = F (N)
LAT = F (N)

We see from both table I and fig. 3 that if the
manual exchange is retained at a constant capacity, the
required number of switching units and positions in-
creases with the total number of subscribers.

Already with an equal number (54 000) of sub-
scribers at the manual and automatic exchanges,
94 - 75 — 169 positions are required for the junc-
tion traffic if this traffic is handled by operators in
both directions.

With twice as many (108 000) automatic as ma-
nual subscribers (54 000), the required number of
positions for the junction traffic is 126 -+ 100 = 226,
and with three times as many automatic as manual

subscribers 113 -} 142 = 255 positions.



Table I
_ A— 54000 - Speaking mi- |
f= A T N=54000+4 K=1107 f B=1883f Carler e LV  LAT=149.6Xf
f 1345 X f |
|
s 2800 56800 | 06 94 67 5 75 |
|
& 6000 60000 12 19 135 72 15
: 13500 67500 24 38 269 ¥ 30
i
; 27000 81000 39 | 63 448 16 50
0.4 36000 90000 4.7 75 | 538 17 60
0.5 54000 108000 5.9 94 673 21 75
0.6 81000 135000 7.1 113 807 25 90
0.7 126000 180000 8.2 132 942 29 105
0.8 216000 270000 | 9.4 151 1076 32 120
0.9 486000 540000 @ 10.6 170 1211 36 135
1 oS o 11.8 188 1345 40 150
Thus, it is plain that in the long run it cannot be  ments and equipment for the junction positions are
economical to retain the manual exchange with a capa-  quite expensive.
city of 54 000 lines after the city net has attained such How then shall the capacity of the manual ex-
proportions that almost as many junction positions are  change be reduced?
required as A-positions, especially since the arrange- If the method with call indicators had been chosen,




it is plain that the sum of the number of A-positions,
CA, and the number of call indicator positions, LAT,
could not exceed the total number of available posi-
tions.

The number of B-positions need not be treated in
this connection since they contain no subscribers’ mul-
tiple and can consequently be placed in an entirely
separate room or building than the A-positions.

If all the A-positions are in use already at the be-
ginning of the automatization, it is necessary to be able
to set up a certain number of call indicator positions
in order to begin the automatization.

To begin with, let us assume that 54 000 sub-
scribers can be given service by 300 positions CA —
corresponding to 180 lines per operator — and that
an additional 60 call indicator positions can be erected.

We then have

M M A

+27.7 x 10000 % 4 + M=3.6O.

CA+ LAT = 180

from which we obtain
M(z B

A+ M) = 130000

or

M (2 + f) = 130000.

By means of this formula we obtain table 11I.

f M A A+ M CcA LAT |
0.26 54000 19500 73500| 320 40
0.40 51000 34000 85000 303 57
0.50 49000 49000 98000 292 68
0.60 47500 71500 119000 28I 79
0.70 46000 107000 153000 271 89
0.80 44000 177000 221000 262 98
090 43000 385000 428000 253 | 107

As a third alternative we will assume that 320 A-
positions are required for 54 000 subscribers at the
manual exchange and that it is not possible to increase
the number of multiple positions above 320.

From this we obtain the formula

M M A

By assuming different values for f we arrive at the
following table II.

f M A A+ M cA LAT
0.41 54000 37000 91000 300 60
0.50 52000 52000 104000 289 71 |
0.60 50000 75000 125000 278 | 82
0.70 48000 113000 161000 267 | 93
0.80 46500 186000 233000 258 102
0.90 ' 45000 403000 448000 249 11

CA+LAT=169+27.7><]GOOOXA+M=320
or
M(2.14 + f) = 115500,
which gives the following table IV.
f M A A+M CA LAT
0 54000 0 54000 320 0
0.20 49500 12500 62000 292 28
0.40 45500 30500 76000 270 50
0.50 44000 44000 88000 259 61
0.60 42000 63500 106000 250 70
- 0.80 39500 157000 197000 233 87
| 090 38000 342000 380000 225 95 |
| 094 37500 588000 626000 222 98 |

If a maximum value for the sum of the operators’
positions (CA -+ LAT ) is given, it is an easy matter

However, if it is found that 320 CA positions are
required for 54,000 subscribers — which means 169
subscribers’ lines per A-operator — only 40 call in-
dicator positions can be erected.

This proposition presents itself in the following
form:

M M A
169 277 % o000 * 4+ m —26%

CA+ LAT = M

from which we obtain

M (2.14 + f) = 130000.

to determine the theoretical curve representing the gra-
dual reduction of the capacity of the manual exchange.

This is shown in fig. 4, the three curves a, b and ¢
corresponding to the above tables 11, III and IV res-
pectively.

These curves give the number of manual subscribers
M as a function of the total number NV of subscribers
in the entire net.

Let us now consider the second case with table I11.

We will assume that the manual exchange will re-
main in existance for another fifteen years; also, that
the total capacity cf the net by that time will be about
150 000 subscribers.
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By that time 88 call indicator positions would be
required and the manual exchange would have about
46 000 subscribers.

However, it is impossible from a practical point of
view to put a manual exchange with 46 000 lines out
of commission at one stroke, but the cutting over of
the subscribers to the automatic exchanges must take
place successively in groups of not more than four to
five thousand lines per half or whole year.

At this rate the evacuation of the manual exchange
would take at least five or ten years for 54 000 lines.

During this time the junction traffic will be con-
siderably reduced as compared with the calculated fi-
gures; consequently, it would be very uneconomical to
install the large calculated number of call indicator
positions, which would soon be of no value.

Thus, we must determine the maximum number of
call indicator positions that we wish to install.

If connectors are used for the traffic from automatic
to manual, the same restrictions must be observed with
regard to them also.

With regard to call indicator positions as well as
connectors, economical reasons prevent their being in-
stalled in unlimited numbers merely for the sake of
retaining the manual exchange as long as possible,
since these organs for the greater part become valueless
when the manual exchange finally is bound to dis-
appear.

We will now consider the capacity of the manual
exchange as a function of the capacity of the auto-
matic exchanges, ignoring the special assumptions on
which the tables II, III and IV and the curves in
fig. 4 are based.

Both in the case with a determined maximum number
of call indicator positions, and with a determined
number of connectors for each 500-group, a certain
maximum value for the junction traffic obtained.

The previously derived formula

AM

gives a certain relation between 4 and M for every
value of TAM.,

This function can be expressed.

TAM TAM
AXM — S X A— 5 g9

This equation evidently signifies a number of hy-

x M=0.

perbolic curves whose axes form angles of 45° with
the axes 4 and M. The locus for the vertices of these
hyperbolic curves is the line

A=M,
We then obtain
TAM
2.69

In the following table V A is calculated for dif-
ferent values of M after having determined a certain
value for TAM.

The table gives also the corresponding values for

N, LAT, TMA, K, Band LV.

A=M=2x

TAM

M A N=A+M

11150 =~ ~ LAT = 31

13000 80000 93000 TMA = 24300

15000 43500 58500 K=24

20000 25000 45000 B =139
30000 22300 22300 44600 LV =11

25000 20000 45000

43500 15000 58500

54000 14000 68000

80000 13000 93000

p 11150 N
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TAM M A N=A4- .-M\ TAM M A N:A+M|
. 27900 oo ~ | LAT =80
14900 o N~ LAT =4 30000295 000 425000 TMA = 60800
20000 58000 78 UUOi TMA = 32400 40000 93000 133000 K =61
25000 37000 62000 K =/32 45000 73500 118 500 B — 02
29800 29800 59600/ ~ B=52 54000 57700 111700 LV =22
54.000 20500 74500 75000 93000 40000 133000
0 2000 TN 305000 30 000 425 000
X 14900 ~ 5 27000 ~o
18600 ~ | LAT =52 In fig. 5 4 is drawn as a function of M for four
20000263 000 283000 TMA = 40500 different values of T AM, viz., 30 000, 40 000,
25000 73000 98000 K=4.1 60 000 and 75 000 speaking minutes.
30000 49000 79000 B =65 We assume a number of junction switching possi-
50000 35000 39700 74700 LV =16 bilities corresponding to T AM — 40 000 speaking
37200 372000 74400 minutes. We see from the corresponding curve that
30700 35000{ 74 700 the manual exchange can be retained with a capacity
49000 30000, 79000 of 54 000 lines if the capacity of the automatic ex-
54 000 28500/ 82500 changes does not exceed 20 500, or the total capa-
73000 25000{ 98 000 city does not exceed 74 500.
263 000 20000{283 000, This is represented by point C in fig. 5.
o 18600, ~ When the total number of lines now increases, the
R capacity of the manual exchange must be reduced in
order to avoid an increase in the number of junction
20100 oo X LAT =56 lines.
25000102000 127000 TMA = 43800 For instance, if we reduce the capacity of the ma-
30000 61000 91000 K=44 nual exchange by 9000 lines, we cannot increase the
32000 54000 86000 B =10 automatic exchanges by more than about 2000 lines,
36000 45400 81400 LV =117 ' and if we reduce the manual exchange by 20 000
| 54000 40200 40200 80400 lines we can only increase the automatic exchanges
15400 90000/ 61400 by about 6000 lines.
54000 32 OUO; 86000 Thus, the total number of subscribers’ lines would
61000 30000 91000 suffer a reduction, since the limited number of junc-
102000 25000 127000 tion lines makes it necessary that the gradual reduction
e 201000 of the manual exchange take place faster than the ex-
tension of the automatic exchanges.
22300 ~ 5 LAT = 62 This condition brings us to point D on the curve.
25 000207 000 232000 TMA = 48600 The total number of subscribers’ lines has now been
30000 87000 117 000 K=40 | reduced from 74 500 at C to 59 000, however. Not
33000 69000 102 000 B =178 | until we reach E does the total capacity come up to
40006 50400 90400 LV — 18 | 74 .500. the capacity of the manual exchan.ge then
60000 44600 44600 89200 having gone down from 54 000 to 20 500 lines.
50400 40000 90 400 In order to increase the total capacity of the ex-
60000 33000 102 000 changes above 74 500 lines it would therefore be ne-

87000
207 000
X

30000 117 000
25000 232 000
22300 oG

cessary to make a jump from C to E, after which the

curve T AM = 40000 could again be followed.
Consequently, if we have restricted the possibilities

for junction traffic and wish to retain the manual ex-



change as long as possible, the number of subseribers
which must be cut over at the same time from the
manual to the automatic exchanges will be so large
as to make this operation practically impossible.

In the case we have chosen for discussion it would
be necessary to simultaneously cut over 54 000 —

20 500 = 33 500 subscribers.

1

A

Here we also obtain hyperbolic curves.

The line OF intersects the curves in those points
through which the tangents to the curves are vertical.

Thus, it is plain that the intersection between OF
and a certain curve will give a point from which one
may follow the curve in either direction, the total num-
ber of subscribers’ lines increasing in either case.
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In order to be able to carry out this operation in
successive stages, junction lines must be provided in
sufficient number for a traffic correspending to a hy-
perbolic curve whose vertex lies in the intersection
between the lines 4 = M and with M = 54 000.

In the present example this would mean that T AM
= 72 500 speaking minutes.

The above discussion 1s probably still better illustra-
ted by fig. 6 which shows how the capacity of the
manual exchange varies with the fofal number of sub-

scribers NV for different values of T AM.

$0000 50000

S0000 FOO0CO 80000 PO000 /oo000

Analogously with the method depicted in fig. 5,
we find that if the manual exchange is retained with
a capacity of 54 000 lines along the line PA and
with TAM restricted to 40 000 speaking minutes we
are forced to cut over at one time from the manual to
the automatic exchanges a number of lines correspond-
ing to AB (abt. 33 500) since, after having reached
A, an increase in the total number of subscribers’ lines
cannot take place without entering the area for higher

T AM than 40 000.

Ancther factor to be taken into consideration is the

e



speed with which the cutting over of subscribers from
the manual to the automatic exchanges can take place.

The line PK in fig. 6 represents a cut over of
4000 subscribers per year, which value for all prac-
tical purposes can be taken as a maximum value for
a plant of this size.

As will be noticed, PK is tangent to the curve which
represents 1 AM — 54 000 speaking minutes or fifty-
six call indicator positions. Therefore, if we reduce
the number of manual subscribers along PK I, we

most complete loss — for the extension of junction
lines, or else a cut over of such magnitude would have
to be made as to be practically impossible from a tech-
nical point of view or, if cut overs take place in suc-
cessive stages, the existing traffic possibilities will be
the cause of serious losses or congestions.

We will now consider fig. 7 in which the curves in
figures 4 and 6 have been combined.

We will suppose that the telephone administration
is of the opinion that the manual exchange is in such
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would be certain not to overstep the given maximum
speed for cutting over and that the junction traffic
would never exceed a value corresponding to fifty-six
call indicator positions.

Should it be found desirable at some certain time to
nisk the cutting over of a larger number of subscribers,
there is naturally nothing to prevent ones following the
line RS or V'V, for instance.

According to the author, it is most important that
a manual exchange be not retained for too long a time
at its full capacity. Should the manual exchange be
retained for long time at maximum capacity, it will
result in the expenditure of an unreasonably large
amount of capital — which will later on be an al-

good condition that it can well be retained at full
capacity (54 000 lines) for at least eight years.

Instead, we let the number of subscribers at the
manual exchange grow up to 54 000 and after that
decrease successively so that after sixteen years (Jan.
1, 1944) it is 0. From fig. 7 and table V we find
that this can be done without increasing the number
of call indicator positions above fifty-eight or, say,
sixty,

For example, if we should decide to cut over the
manual subscribers along the line AEH, corresponding
to a maximum number of sixty call indicator positions,
the entire number of such positions would be of use
for but a very short time.
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Furthermore, it must be accentuated that if the
junction traffic is handled over call indicator positions
with a maximum of 320 positions, it is not possible
to follow the line AE from the start, but the curve
ACGC must then be followed.

In order to increase the effective service time for the
sixty call indicator positions and also the effective
utilization of the manual exchange, it is apparent that
the curve AGC can be followed up to C and that we
then continue along the curve CDE. However, this

would result in the cutting over of 6000 subscribers
in 1935.

tiple is to be extended, the line AGCDP will no
doubt serve the purpose to equal advantage.

This problem is treated in a similar manner if call
indicator positions are not taken into consideration but
instead the number of jacks and junction lines from the
manual positions to the automatic exchanges, or the
fact that there is room for but a limited number of
connectors for the incoming traffic at the manual ex-
change if this traffic is to be handled altogether auto-
matically without call indicators.
consideration need then

and [K, or the like, but

In such a case one
is not so restricted, since no

be taken to the curves AGC
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Naturally, it is possible to get along with fewer
call indicator positions, say fifty-two, for instance —
corresponding to TAM = 50000 — if one follows
the line AL, AT or ATG, depending on the speed
with which one is willing to effectuate the cutting
over.

In such a case, the number of manual subscribers
decreases rapidly and this exchange is not put to ef-
fective use. On the other hand, it can be retained
in operation much longer, if desired, but it will in all
prebability be uneconomical in the long run to give
manual service to only a small percentage of subscribers.

If it were possible to erect forty call indicator posi-
tiens in addition to the 320 positions required for the
local traffic, the cutting over could be effectuated
along the line AIKCDP or something similar, which
would permit a much better utilization of the manual
exchange. To what extent this would pay depends
on the cost of the extra positions. If the entire mul-

only to the speed with which the cutting over of the
lines is to take place and to the absolute maximum of
junction traffic.

In the foregoing we have discussed only the prac-
tical aspects of the problem. In addition to these,
however, we have the previously mentioned economi-
cal aspects, such as the difficulty of raising the ne-
cessary capital, the possibility of getting new exchanges
delivered and installed in sufficiently short time, etc.,
all of which lie outside of the bounds of the present
article.

As a conclusion of the above, it is apparent that the
natural desire to retain a good manual exchange for
the longest possible time and at its full capacity within
an automatic net must not only meet with difficulties
of a purely practical nature but also lead to serious
and unfavourable consequences from an economical
point of view.

H. T—..

39 —



[
|
»
[ ]
-

Exchange Buildings in Moscow Erected by the Swedish-Danish-Bussian Telephone Company,
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Carl Edward Nilsson.

In Memoriam.

It is with deep regret that we record the death on
the 29th of February last of C. E. Nilsson, one
of the oldest members of that group of veterans whose
labours in the development of the telegraph and tele-

phone date back to the early days of the Ericsson Tele-

Nilsson
was not far from 85 years of age
at the time of his decease and had
been confined to his bed by illness
for quite a long time.

Mr. Nilsson was born in Malm-
koeping, Sweden, on March 18th,
1843. He obtained employment
with the Swedish Telegraph Ad-
ministration already as a young
boy and some time later he took
part in the erection of telegraph
lines for the State Railways. In
1875 he started the installation of
the fire alarm system 1 Stockholm
under the superintendency of Mr.
M. Carlberg, at that time func-
tioning in the capacity of tele-

phone Company. Mr.

lations between Mr. Nilsson and his early friend L.
M. Ericsson, since Mr. Nilsson was also entrusted with
the erection of a large number of fire alarm plants in
other cities besides Stockholm and of cther alarm and
signal systems — for the State Bank of Sweden, among
others — as well as telegraph
plants for the State Railways, all
the necessary apparatus and instru-
ments being purchased from the
Ericsson company, whose first ac-
tivities were directed towards the
manufacture of telegraph and
alarm apparatus.

The most important of Nilsson’s

achievements, however, was the

work which he laid down in the
building of the Stockholm tele-
phone net. When H. T. Ceder-
gren started the General Tele-
phone Company of Stockholm,
Nilsson was appointed line su-
perintendent for the company, a
position which he retained until he

graph inspector. On Mr. Carl- CARLUEDIAR D, NILAIREN; was retired on a pension in 1908.
Died February 29, 1928,

berg’s death in 1878 Mr. Nils-
son was appointed his successor as superintendent of
the above-mentioned fire alarm system, a position which
he held until 1910. During this time he was also
entrusted with the erection and maintenance of the
signal and telephone installations for the Stockholm
Police Department and the City Water Works.

These activities soon gave rise to close business re-

In private life as well as in his
work, Mr. Nilsson was valued and esteemed by both
superiors and subordinates, by his colleagues as well
as by the workers with whom he came in contact.

In this he was a most excellent example in loyalty
and diligence for the workers as well as for younger
colleagues among whom he will long be born in
valued remembrance.
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The Telephone as an Aid in the Organization of the Taxicab

Service in large Cities.

By A. Lignell, Superintendent of Telephones, Stockholm.

he manner in which taxicab service in a large city

is organized is a matter which intimately concerns
the convenience of the public, and constitutes a pro-
blem which cannot be satisfactorily solved without the
aid of the telephone.

Now that the telephone has become an all-powerful
factor in our everyday life, there is no reason why this
means of communication should nct be used for the
ordering of taxicabs as well as for the transaction of
any other kind of business, and a well-arranged coope-
ration between the taxi and telephone companies en-
ables a telephone subscriber to secure transpartation by
automobile at a much cheaper rate and at least as
quickly as if he had a car of his own at his constant
disposal.

An effective centralisation of the ordering facilities
enables the taxicab company to keep the traffic under
constant supervision, thereby making possible an effi-
cient utilization of the fleet of taxicabs, which is of
decisive importance for the economical operation of
the business.

A description of the taxicab service in Stockholm
and its relation to the Telegraph Administration will,
we feel sure, prove of general interest.

The Cab Owners’ Association: ils organization and
manner of cooperation with the Telegraph
Administration.

The original taxi telephone exchange with the name-
call “'Droskstation”’ — meaning "cab exchange” —,
which has been in existance since 1901 and is operated
by the Swedish Telegraph Administration, provides
order service for the Stockholm Cab Owners’ Associa-
tion only. The members of this association are in-
dividual taxicab owners who have been authorized by
the police authorities to operate taxicabs, the chauf-
feur having permission to pick up chance fares along
the streets or to await passengers or telephone orders
at special cab ranks.

In addition to the above-mentioned association there
is another organization of cab owners with a telephone
exchange of its own. This exchange has the name-
call "AB” and is built and maintained by the Tele-
graph Administration although the personnel is in the
employ of the association. This association has the
same privileges and obligations with respect to the ope-
ration of public conveyances as the one previously
mentioned.

These two are the only organizations in Stockholm
who have been granted privileges of this kind.

The number of licenses granted by the police autho-
rities is based on the requirements of the traffic and is
kept within certain bounds in order to maintain the ser-
vice on a sound economical basis and so as to satisfy
the demands of the public with respect to safety, com-
fort, the quality and appearance of the vehicles and
the responsibility and discipline of the drivers. Also,
the outhorities reserve the right to issue certain orders
as to the disposition of the vehicles so as to eliminate
any danger of an inadequate supply during certain less
lucrative times of the day or that certain sections of the
city be favoured at the expense of others. This stand
on the part of the authorities with regard to the granting
of licenses has given the cab owners a relatively strong
position and created a high standard for the vehicles as
well as for the drivers and has made it possible to build
central taxi exchanges with widespread telephone nets.
As a result of the foregoing, it is natural that the num-
ber and lccation of the cab ranks is determined by the
police authorities in colaboration with the cab owners.
The city ordinance which covers this form of public
service also provides for the use of horse drawn vehi-
cles, but these have entirely disappeared from the streets
of Stockholm since many years back.

The Cab Owners’ Association subscribes to a num-
ber of junction lines, sufficient to provide for the traf-
fic between the cab exchange and the local city ex-
changes, a connection to the former being obtained
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over any local exchange by merely asking for "Drosk-
station”’, meaning "Cab Exchange”.

In addition to this the Association has special lines
to six of the largest restaurants and hotels, over which
direct calls to the cab exchange can be made.

At the present time, the Association subscribes to 92
branch exchange instruments - for the most part
mounted on posts at the cab ranks — together with
the respective lines between the same and the cab
exchange.

The junction as well as the branch lines enter a com-
mon switchboard at the cab exchange, which is oper-
ated by the Telegraph Administration. The entire cost
for this service is paid to the Telegraph Administration
by the Association. All questions of an economic na-
ture touching on the taxicab telephone plant are settled
between the Telegraph Administration and the execu-
tive board of the Cab Owners’ Association, the Tele-
graph Administration having no dealings whatever
with the individual members of the Association.

Some special features of the service.

The intensity of the traffic over the cab exchange
is extremely variable. It can be forecast to a certain
extent, but since a great part of it is influenced by un-
foreseen conditions which may arise at a moment’s no-
tice, it is necessary — in order to be able to handle the
same — to have recourse to one or more adjacent de-
partments from which operators, familiar with the work
in the cab exchange and possessing an excellent know-
ledge of the city, may temporarily but immediately be
requisitioned.

The operators and other persannel of the number
reccrds office in the same building are first of all em-
ployed for this purpose.

The traffic curve for a normal week-day is more
or less constant, the regular fluctuations being caused
by the departures and arrivals of trains and passenger
boats, lunch time, the close of office hours, opening
and closing of theatres and cinemas and the closing of
the restaurants. In addition to this we have temporary
fluctuations in the traffic which can be foreseen, such
as week-end congestions of the traffic, theatre first-
For tratfic fluc-
tuations of such a nature it is the duty of the exchange
manager to make suitable arrangements by requisition-
ing the necessary extra help. In this she is guided by
statistics from previous years, besides which she is well

nights, sporting events and the like.

informed as to which special week-days, holidays and
yearly recurring events require a large number of oper-
ators at the cab exchange.

On such often recurring occasions, when the cab ex-
change is suddenly swamped with orders, it often hap-
pens that there is a shortage of taxicabs.
nection it has been deemed wiser to connect the calling

In this con-

parties to the cab exchange where they receive the in-
formation that no cabs are available than to let the
local exchange answer "Busy” only to have the same
party call again and again in an effort to get the cab
It is for this reason that an ample number
of junction lines between the local exchanges and the
cab exchange have been provided.

From what has here been said, it should be evident
that a balanced distribution of the personnel is possible
only when there is a nearby source of supply for extra
help. Without this source it is necessary either to get
along with a force based on normal traffic conditions
and consequently with no possibility of an immediate
increase — which is often necessary during a very short
time —, or else to have on the pay roll a force which is

exchange.

entirely too large for normal traffic conditions and
which will prove altogether too expensive in the long
run still without being able to cope with unforeseen
emergencies when these occur.

The Cab Owners’ Association has about 600 cars
in traffic at present, with a reserve of about 200 cars,
the average number of orders effectuated each day by
the aid of the taxi telephone exchange amounting to
7700. The other association has about 300 cars with
a reserve of 100 cars at its disposal. The number of
orders which it effectuates per day amount to about
1350.

In addition to an easily accessible reserve of oper-
ators and an ample number of junction lines between
the local exchange and the taxi exchange, the following
requirements must be taken into consideration when
planning a taxi telephone exchange.

1. Each order must be dealt with by a telephone
operator; consequently, the ordering party must not
be given a through connection to the chauffeur at the
cab rank. The reasons why this rule must be ob-
served are manifold. In the first place, the lines to
the cab ranks would be engaged all too frequently if the
conversations — often unnecessarily lengthy — were
carried on between the patrons and the chauffeurs in-
stead of the orders being relayd by experienced oper-
ators. It would be difficult to prevent unauthorized
calls which did not concern the taxi service.
portant for quite a number of reasons that a record be
kept of the orders as well as of the chauffeurs’ num-

It is im-

bers, for instance to afford a certain amount of protec-
tion against false orders being given with mischievous
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intent, for the searching for lost effects, for investigat-
ing complaints and drives to faulty addresses, for police
investigations etc. These records can be kept by the
exchange personnel much more accurately than by
the chauffeurs. Further, it is to much greater
advantage that the chauffeur receives the order from
an experienced operator who speaks distinctly than
from a patron who is often unable to understand
the difficulties of the chauffeur — on account of
the street noises — to correctly understand the given
order. The operator at the taxi exchange answers
a call with the words "Taxi Exchange”. The
ordering party gives his street number and name and
awaits the operator’s answer: "Taxi coming”. If there
should be no taxi standing at the nearest cab ranks,
the operator informs the ordering party of the nearest
cab rank from which a taxi can be obtained, and it is
then up to this party to decide if he wants to pay the
higher charge dictated by the greater distance from
the cab rank to the given address. It shall be possible
to make connections between the cab rank ‘phones
and certain telephone instruments in the local net, such
as the office of the Cab Owners’ Association, the
police, etc. Further, the chauffeur shall be able to
call up the taxi exchange.

2. There shall be a reliable indicating signal ar-
rangement of which the operator can
see at a glance where taxicabs are stationed, thereby
eliminating the nuissance of having to call up several
cab ranks at random. The indicating signals shall
function for each cab rank as soon as a chauffeur
drives up to the same, and shall cease when the last
taxi has left the rank.

3. Naturally, the operator should possess such an
accurate knowledge of the city as to enable her — in
the majority of cases, at least — to immediately get
in touch with the cab rank nearest to the given address,
but for more difficult and exceptional cases she must
have access to complete tables enabling her to imme-
diately locate the address in question.

by means

Switchboard and indicating arrangements.

The Stockholm taxi exchange is equipped with a
switchboard comprising 24 operators’ positions. Both
the junction lines to the local exchange as well as the
cab rank telephone lines are multiplied in the positions
and are consequently accessible to all the operators on
duty, thus enabling them to answer any incoming order
call and to call any cab rank in order to effectuate the
order. The chief operator’s desk is provided with

complete equipment for the supervision of the service.
Here the jacks and lamps for the junction lines and the
jacks for the cab rank lines are multiplied, thus enabl-
ing the chief operator to supervise the traffic and if
necessary answer any incoming call.

The arrangements whereby the operators can signal
the chief operator are so constructed that they may be
used for communications between the above-mentioned
persons.
large wall map of the city, placed so as to be within
On this map all
the cab ranks are indicated by lamps, the circuit for
each lamp being carried to the corresponding cab rank.
A number on the map beside the lamp denotes the
number of the cab rank and corresponds to the num-
ber in the multiple of the lines leading to this cab rank.
The chauffeur of the first taxicab to enter a cab rank
must have a shorting plug — which he always carries
about with him in his pocket — introduced in a special
short circuiting jack in the cab rank telephone instru-

The indicating arrangements consist of a

the range of vision of each operator.

ment. This closes the lamp circuit and causes the cor-
responding lamp on the wall map to glow. When
there 1s no taxi at the cab rank there must not be any
plug in the aforementioned jack and the lamp on the
wall map is consequently dark. As soon as an oper-
ator introduces a cord plug in a multiple jack belonging
to a cab rank line, the corresponding lamp on the wall
map glows with a flickering light, this arrangement
having been provided instead of the usual testing de-
vices which, in the present case, would not be ade-
quate. In the present case a glance at the map informs
the operator that at least one taxi is available at the
cab rank which for the moment is represented by a
flickering lamp, but that the line to this cab rank is en-
gaged by another operator.
arrangements have been made sa that the map is in cir-
cuit only when an operator needs to consult it. By de-
pressing a push button, the operator closes the circuit
for the lamp within the district she specially wishes
to investigate. One such push button is situated at
each end of each of the jack strips for the cab rank
lines, each strip containing twenty jacks with the cor-
respondingly designated lamps and representing one
or two districts.
the indicator lamps on the wall map, an arrangement

In order to save current,

These lamps are interconnected with

which enables the more trained operators to judge the
available supply of taxicabs without having to consult
the map. In order to make the existing situation clear
at a glance, each position is equipped with a self-res-
toring push button by means of which the operator
is able to close the circuit to all the lamps on the map,
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affected by this manipulation, however.
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the lamps of the cab rank lines in the multiple not being
When the

traffic is congested, the current for the map lamps of

vacant, this procedure being resorted to whenever a
line is faulty or a chauffeur leaves a cab rank without
removing his signal plug.

Signals to and from the
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R 922 Map of Stockholm, Showing Cab Banks.

all the districts are kept in circuit over a key in the
chief operator’s desk, this fact being indicated by a
special observation lamp placed in the upper left hand
corner of the wall map. In boxes in front of the
cperators’ pcsitions are special jacks, cne for each of
the cab rank lines. By introducing a plug in one of

these jacks the correspending cab rank is indicated as

cab ranks can be given regardless of whether the spe-
cial jack is plugged or not.

The indicating arrangements are shown on the dia-
gram in fig. 1.

The office of the Cab Owners’ Association is pro-
vided with a wall map similar to the one at the taxi
exchange — the lamps in both of these maps being
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connected in parallel and with arrangements for
the supervision of the junction and cab rank lines as
well as of the service. Each operator has before her
a minmature replica of the wall map mounted in the
switchboard — on which the cab ranks are designated
by numbers — as well as reference tables giving the
number of the cab rank nearest to the different house
numbers. One of these miniature maps is reproduced
in fig. 2 and a reference table in fig. 3. The taxi
exchange switch boards are shown in fig. 4. The
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cal and a horizontal position can be sustituted for
the above. A condenser C, (see section | of the
simplified diagram of the cab rank telephone instru-
ment) is connected in series with the signal bell K,.
If there is no plug P, in any of the jacks, the D. C.
from the 24 volt exchange storage battery cannot pass
over the telephone line. The insertion of a plug makes
a bridge past the condenser, giving an unbroken
telephone circuit for direct current. In order to in-
vestigate the number of available taxis within a cer-

Fig. 1.
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cab rank telephones are generally mounted on cast
iron posts and are specially designed L. B. instru-
ments provided with a condenser, a handmicrotele-
phone and the necessary shortcircuiting jacks. The
entire apparatus is contained in a moistureproof cast-
iron box.

Some remarks with reference to the diagram for the
indicating arrangements and cab rank telephone
instrument.  (See fig. 1.)

Each cab rank telephone is provided with three
parallel indicator jacks in which the taxi chauffeurs
insert metal plugs on their arrival at the cab rank.
An arrangement with small metal flags with a verti-

tain district, the operator depresses the district key
D (I1I), causing relays R, (IV) and R. (III) to
energize. [he energizing of R, causes relay R.
(IV) to be connected to cne branch of the cab rank
line while the other branch is grounded. If a plug
is inserted in the jack /, (I) relay R, (IV) will
energize, thereby closing a circuit over the signal lamp
A, on the wall map (II). A circuit through the multi-
ple lamp A. (III) for the cab rank lines is simulta-
neously closed over contacts in the relays R, and R..

As soon as an operator plugs up her calling cord
P. in order to call a cab rank in the usual manner,
these signal lamps flicker instead of giving a steady
light if the district key D is depressed. The inser-
tion of the ninging plug P. closes a contact in the
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jack /., thereby energizing relay R, (IV) and causing
the current over relay R, (IV) to pass through the im-
pulse machine / (IV), the pulsating current thereby
obtained causing the lamps 4, (I11) and A. (III)
to flicker when D is depressed. The energizing of
R, causes the indicating arrangements at the exchange
to be simultaneously disconnected from the telephone
line.

When a chauffeur calls up the taxi exchange, the
magneto current which is produced when he turns the
crank of the cab rank telephone actuates the relay R,
(IV) between the two branches of the line, causing
the calling lamp 4. to glow. These lamps are mount-
ed in the same box as the previously mentioned jacks
J. (V) for the cutting out of faulty cab rank lines.
The condenser C. (I'V) which is connected in series
with relay R, (IV) bars the direct current from re-
lay R..

If there should occur such serious trouble on a cab
rank line as to make it unserviceable, the signal lamps
for this line should be disconnected until the line has
been repaired so as not to cause any unnecessary delay
in the service through useless calls. This is accomplish-
cd by inserting a wooden plug in the jack [, (V)
thereby breaking the earth connection of relay R,

(IV) and causing this latter to be deprived of cur-
rent when an operator depresses the district key. If
the last chauffeur to leave a cab rank forgets to re-
move his plug from the indicating jack, the signal
lamp will glow but the operator will receive no an-
Consequently,
the line will appear to be faulty, is so reported and
its signal lamp is put cut of function and remains so
until another chauffeur enters the same cab rank, calls

swer from the telephone instrument.

up the exchange and gives the information that a plug
has been forgotten in the jack, or until a trouble man
This seemingly small de-
tail forces the chauffeurs to carefully mind the signal-
ling, which quite naturally is of fundamental import-

reports the same condition.

ance for the correct functioning of the system.

The successive fluctuations in the traffic during the
month of December 1927 are shown in fig. 5, where
the total number of orders as well as the number of
orders which could nst be effectuated on account of
The
increase on Saturdays as well as during the Christmas
holidays and at New Year's 1s very noticeable. In
judging the insufficiency of taxicabs as compared with

an insufficient number of taxicabs are given.

the number of orders one must bear in mind that on
occasions when the demand is greatest taxis are hailed

8 to 15_c;'clock .!“ 15 to 22 u‘;lock 22 ::8 o'clock i_Tola] for cnt.ire day Total
Month Effect- I Orders | Effect- Orders = Effect- = Orders I Effect- Orders | number of Blind-
I uated not effect- uated not effect- uated  not effect-| wuated not effect- orders drives
| orders uated orders uated | orders uated orders | uated received
January ........ 73,047 1,121 @ 105,545 10,425 | 47,182 517 225,774 12,063 237,837 785
February ...... 63,406 629 96,390 8,989 | 42,746 177 202,542 9,995 212,537| 724
March . 73,520 261 | 109,627 11,211 | 46,094 184 229,241 11,656 240,897| 797
April ... 77,312 3,421 108,645 26,648 @ 47,624 826 233,581 30,895 264,476, 830
May . 82,605 3,868 103,165 8,191 41,826 272 227,596 12,331 239,92?| 812
June ... 87,182 12,896 82,447 19,028 29,592 305 199,221 32,229 231,450( 735
July oo 76,3241 8,010 71,818 12,914 27,097 448 175,239 21,372 196,61 l|| 688
August ........ 72,453 4,051 77,573 4,134 26,457 208 176,482 8,393 184,875 709
September ... 76,505 3,458 94,455 14,603 34,057 458 205,017 18,519 223,536 833
October......... 77,076 5,293 110,732 18,085 | 42,511 673 230,319 24,051 254,370 880
November ... 75,260 554 108,270 6,231 44,565 113 228,095 6,898 234,993 921
December ...| 86,290 11,315 114,308 33,962 53,250 7,877 253,848 53,154 307,002 949
Total 920,980 | 55,077 1,182,974 174,421 483,001 | 12,058 2,586,955 241,556 2,828,511 9,663
Average ‘ . I
per month | 76,748 4,590  98,581| 14,535 40,250 1,005 215,579 20,130 = 235,709 815 |
Average |
 perday | 2523 151 3241 478 1323 33 7,087 662 7749 26
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on the streets or are awaited at the cab ranks to a far

greater extent than when conditions are normal.

Personnel.

The regular staff of the taxi exchange consists for
the present of two exchange superintendents — who

also act as superintendents for the number records of-
fice located in the same building — and twenty-four
local operators with an effective working day of 6.5
hours on week days and on every other Sunday. At
certain definite times the force is increased with oper-
ators from another exchange. The number of oper-
ators on duty as well as the distribution of traffic dur-

Supplement 5.

Number of Orders at the Stockholm Taxicab Exchange.

December 1927.
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Supplement ti.

Average number of orders received (fotal and number effectuated) at the Stockholm Taxi-
cab Exchange and average number of operators during the various hours of the day for
the week ending March 4™ 1928.

1 Operator-hour during the busy hour = 50 handled calls.
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orders. aperators.
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Supplement 7.

o Number of orders and of operators at the Stockholm Taxi Exchange. |

orders. Saturday March 8, 1928 between 3 and 22 o'clock. Work accomplished per operafor and unit of time. (10 min.) = [, orders, orders.
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ing the various hours of the day is shown in fig. 6.
On Saturdays and on days preceding holidays the
traffic quite naturally is much heavier than during
other week days, this condition being shown in fig. 7,
which gives the number of orders received and oper-
aters on duty on Saturday March 3rd 1928. The
average number of effectuated orders per operator-
hour is rather difficult to state since there are two
different categories to take into consideration, 1 e.
such that result in drives and such that cannot be ef-
fectuated on account of a lack of taxicabs within
suitable distance to the ordering party. However, it
may safely be stated that under normal conditions an
operator can effectuate fifty orders per hour.

Charges paid by the Taxi Owners’ Association to the
Telegraph Administration.

The Taxi Owners’ Association pays certain sti-
pulated charges for main lines, extension lines, exten-
sion telephone instruments and supervision equipment
at the office of the Association, these charges being
sufficient to cover the expences of the Telegraph Ad-
ministration for maintenance and amortization and to
give a reasonable interest on the invested capital.

Expenses for salaries for the exchange staff are
calculated for each quarter and are based on the per-
sonnel engaged during that time, both regular and
extra, according to predetermined rates.

Since the solution of the taxi service problem is a
matter of important civil interest, the rates have been
set just high enough to cover the actual costs of the
Telegraph Administration plus the necessary interest
cn the invested capital.

During 1927 the number of effectuated orders
amounted to 2,586,955. The telephone service for
cach order with positive results cost the Association
.0362 Swedish crowns.

No special fee is levied from the telephone sub-
scribers for the placing of orders for taxi service,
such an order call being counted as a regular local
call. As a general rule the ordering party has a taxi
at his disposal within five minutes after the placing
of the order.

As far as it 1s possible to judge there should be no
obstacle to this system of telephone taxi order service
being introduced in the large metropolises of the
world, in which case a subdivision of the city into
districts with an order exchange for each district
would probably be found necessary.

R &3 The Milan Taxi

Exchange,



The Swedish Radio Company.

By Managing Director 1. Wibom.

In september 1919 a number of Swedish firms in-  tion as concerned the use of valuable patents — due
terested in wireless telegraphy and telephony de- to a lack of cooperation with the leading corporations
cided to form a company — The Swedish Radio  of international repute —, this condition eventually
Company — for the pro- leading to an agreement

motion of their interests,
more specifically for the
purpose of carrying on in-
vestigations and doing ex-
perimental work in the ra-
dio branch. This experi-
mental work soon deve-
loped into manufacturing,
however, a development
which did not prove very
profitable on account of
the adverse post-war con-
ditions. Furthermore, the
company could not boast
of a very favourable posi-

LR

R ao7 Badiola M 60,

3-Valve Receiving Set M 53,

— 54 —

with the Marconi company
whereby this latter became
a shareholder in the Radio
Company in  August
1921 in conjunction with
a reorganization of the
last mentioned company.
The desired position with
regard to the use of patents
was thus obtained, in ad-
diticn to which the pos-
sibilities of being able to
keep abreast of the times
were considerable increas-

ed.




The advent of broad-
casting presented the com-
pany with a new field of
activity, which has also
become the principle one
during latter years.

In the fall of 1927,
the shares in the hands of
Swedish owners were ac-
quired by Telefonaktie-
bolaget .. M. Ericsson,
this company thus obtain-
ing a controlling major-
ity in the Radio Com-
pany, a minority amount-
ing to not quite one half
of the total number of
shares being owned by the
Marconi concern. As a
result of its incorporation
the Radio Company is

!

R a0z

with the Ericsson concern,
devoting itself more to

3-Valve Heceiving Set M 55,

Relay Sending Station AT 100,

35

Exterior View,

questions within the field
of telephony, its present
activities comprising a de-
partment for wireless tele-
phony, a marine depart-
ment and one for wire
telephony.

The wireless department
has been occupied chiefly
with the manufacture of
complete
and transformers. The
company’s receiving sets
— known under the name

receiving sets

Radiola — have earned
a widespread popularity
for their excellent work-
manship, the ease with
which they are manipu-

lated and “tuned in” and their reasonable prices. As
far as receiving sets are concerned, there is no doubt



R a0l 1 Kw. Sending Station, At 1000 VI G Generator Cabinel, Exterior View,

R o 1 Kw. Sending Station.  Conn@eting Coill and  Variometer,
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R 901 a 1 hw. Sending Station.  Cenerater Cabinet At 1000 V1 G, Interior View,

R 205 Sending Station AF 500,



but that the Radio Company is the most important
manufacturing concern in Sweden, if not in all Scan-
dinavia, comprising Sweden, Norway and Denmark.

As yet the company has not been in a position to
manufacture for export to any great extent, all its ef-

R 906 b

forts having been centered on filling the demands of
the domestic market. The two valve set Radiola
M 60 and the three valve set Radiola M 55, which
were introduced during the past season, are shown in
the accompanying illustrations.

The company’s low frequency transformers have
been extensively sold outside of Sweden and are no

Sending  Station AF 500,

doubt quite well known through the instructions for
building radio sets issued by the Baltic company —
another Swedish concern occupied with the manu-
facture of radio material — in which these transform-
ers are highly recommended.

Rear Interior View.

Some twenty relay sending stations have been
delivered to different parts of Sweden and Finland
by the Radio Company. These relay sending stations
are extremely simple in construction as well as in opera-
tion besides being very reasonably priced, all facts
which explain their wide popularity. We wish to
call attention to the fact that all of the relay sending
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stations operating in Sweden and purchased complete
from the manufacturers are of the Radio Company’s
make except three, two of these having been furnished
by AEG-Telefunken and one by Western Electric.
The illustration shows the sending board
amplifier for one of these stations.

without

R 906 a

Sending Station AF 500. Interior View seen from Right.

The marine department has been occupied chiefly
with the manufacture of wireless stations for the
Swedish navy and merchant marine. Sending stations
have been of the valve type only, and practically all
of the valve sending stations now in use in the Swedish
navy and merchant marine have been furnished by
the Radio Company. The antenna input of the send-
ing stations varies between 1 kilowatt and 200 watts,

— 59

with or without telephone facilities and intermediate
circuit.

Marconi’s sending valves are used in all of these
stations.

A 1 kw. single circuit sending station of the type
used in nearly all of the Swedish coastal and inland

"l =} S -0
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R 205
Sending Station AF 5060,

Interior View seen from Left,

stations and on the liners of the Swedish American
line, as well as a 500 watt sending station for the
Swedish merchant marine with intermediate circuit
and device for producing short waves are shown in
the accompanying illustrations.

The 1 kw. sending station is designed for sending
telegraphic messages with or without a tone, and for
wireless telephony, in which case a special attach-



ment is required, the wave lengths ranging from 500
to 3000 m. The "2 kw. sending station is intended
for telegraphy only, with or without tone, and works
with a wave length varying between 550 and 850 m.
and — with special attachement — between 25 and
50 m. This station requires a 500 cycle alternating
fced current of 2.5 to 3 kw. or 1.6 kw. respectively.

R 209 a

The department for apparatus used in wire tele-
phony has for a number of years been occupied with
the manufacture of apparatus for high frequency tele-
Quite a
number of installations for this purpose have been de-
livered within Sweden and to Finland, the most re-
cently built plant — ordered by the Swedish Tele-

phonic and telegraphic communication.

L O T bl
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Multiplex High Frequency Telephone Communication Stockholm—Umeaa,

The Umeaa Station.,

A standard type cf wireless receiver — type M 29,
covering a range from 17 to 20,000 m. — has been
constructed for the Swedish merchant marine. This
receiver is equipped with an emergency crystal detec-
tor (see illustr.).

It is to be observed that the Swedish Telegraph
Administration has a monopoly for the installation
of radio equipment on Swedish merchant ships, the
above administration consequently being the only

channel through which apparatus of this kind can be
sold.

60

graph Administration for the 850 km. long line be-
tween Stockholm and Umeaa and with an amplifier at
Aange — being shown in the accompanying illustra-
tions. At present this department is cccupied with
the manufacture of high frequency telephone equip-
ment for the toll service of Empresa de Teléfonos
Ericsson, Mexican subsidiary of the Ericsson concern.

Another important article of manufacture is tele-
phone amplifiers for the Ericsson telephone company,
an intimate cooperation having been established be-
tween these two companies.



R 203 leceiving Set M 29,

Althcugh the deliveries from the marine depart-
ment are restricted to Sweden and neighbouring coun- \ o
res on the Baltc sea, the wireless and telephone de- Sl et "L FOR B, Sommonan
partments are nct thus handicapped.

The existing relations between the Swedish Radio ~ Company on the one hand and the Marconi Wireless
Telephone Company and L. M. Ericsson on the other,

as well as the reliability and efficiency of the appa-

¥ RADIOLA

Radiola Deteclor.

ratus manufactured speak well for the future populari-
ty and world wide use of the Radio Company’s pro-
ducts.

Cther branches than those already mentioned are
also being developed by this young and enterprising
concern, a subject to which we will revert in a subse-

R 94 Radiola Loudspeaker., quent issue.
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The smallest electric

n 1925 the mechanical interlocking machine at the

Tarm station on the Danish State Railways in
Jutland was rebuilt. Formerly, the plant consisted
of two interlocking machines, one in each end of the
station yard, interconnected by means of electric lock-
and block apparatus. On the rebuilding of the plant,
which was undertaken for the direct purpose of
lowering the operating expenses through a reduction
in personnel, these two machines were replaced by a

single one located in a new signal cabin near the sta-
tion building. The distance between the interlocking
machine and the most distant point controlled by the
same was found to be so great and local conditions
were of such a nature that the advisability of
manoeuvering this point by means of purely mecha-
nical means became extremely doubtful. This gave
rise to the idea of providing electric control for the
point in question together with local setting of the
same according to the patented L.. M. Ericsson system.
Power was available for this purpose in the form of
a 220 volt direct current, this current being deemed
suitable for direct operation of the apparatus without
a storage battery. The necessary supervisory current
could be obtained from a 30 volt storage battery,
which would also supply the energy required for the

Interlocking Machine.

In order
to reduce the consumption of 30 volt current as much
as possible it was proposed that this current be sup-
plied only when needed and that the closing of the
circuit should take place over a pedal contact placed
in the floor in front of the lever for the manoeuvering
of this point.

With the above requirements in view Signalbolaget
prepared complete estimates for the project which

signal lamps of the incoming semaphores.

R az5 Fig. 3.

were accepted and an order for the plant placed by
the Danish State Railways.

This switch, which has been provided with a stan-
dard switching machine whose motor is driven by the
220 volt current, is manoeuvered by the aid of a small
table type electric interlocking machine (figs. 2 and
3) placed on the top of the mechanical interlocking
machine. This small interlocking machine is provided
with only one lever, the usual point supervision and
point locking magnets and a solenoid for the local
setting of the point according to the above-mentioned
system. A corresponding track lever in the mechanical
interlocking machine is provided with locking magnets
and contacts in order to obtain the required coopera-
tion between the electric and the mechanical interlock-
ing machines. When all the devices are in normal

=



position the system is dead and the track lever in the
mechanical interlocking machine is locked in normal
When the circuit is clesed over the pedal
contact, the lever magnets become energized, thus per-

position,

mitting the setting of the point lever on condition that
the insulated track section nearest the point is free
from rolling stock. The point is then set, the track
lever being retained in normal position by the above-
mentioned locking magnets. After the point has been
set, the closing of the pedal contact will energize the
locking magnet of the corresponding track lever,
thereby releasing the same and permitting this track
lever to be set to a position corresponding to that
of the point. After the setting of the track lever, the
point is locked through the breaking of the circuit over
the points lock magnet and the simultaneous breaking
of the circuit over the solenoid for local setting of
the point, thus also preventing the point from being
set locally.

As an added precaution this point is provided with
a locking wheel for the mechanical locking of the

same in similarity with the other points in the station
This provides the added advantage of being
able to admit trains to the station by signal in case the
current supply from the local power plant should be
cut off. If this should happen, the point must be set
by hand by the aid of the crank for the point setting
mechanism.

area.

The mechanical cross locking gear provides such a
mutual cooperation between the peints lever in the
electric interlocking machine and the two lever arms
(+ and —) for the mechanical safety locking that
the points lever cannot be set unless the other two
lever arms are in normal position 1. e. the point is un-
locked; neither can a lever arm be moved unless the
points lever 1s in the corresponding position.

This plant is an excellent example of how simply
and efficiently serious problems attending mechanical
interlocking can be solved by means of electric devices
and auxiliary apparatus, and has won the unqualified
approval of the perscnnel who make constant use of
the same.

C.P.
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Telephone Poles of reinforced Concrete.

he difficulty of obtaining wooden telephone poles

at reasonable prices and of switable durability
and length of life is becoming more and more appa-
rent from year to year. Of course, this condition is
not so noticeable in timber producing countries like
Sweden, for instance, but is all the more seriously felt
in those countries that are dependent upon imported

material.

928

During latter years protectionism has caused this
condition to become more and more aggravated, the
majority of countries having adopted measures intend-
ed to encourage the domestic lumber producing in-
terests and consisting in the levying of more or less
prohibitive duties. This often leads to a serious de-
vastation of the forest growth, a condition not easily
remedied for lack of efficient legislation. The exist-
ing forest lands are dwindling rapidly and nothing is
being done for their reclamation.

The prohibitive prices of timber have led to the
use of timber of inferior quality, such as eucalyptus,
certain species of palms etc., which do not last more
than four or five years in damp localities, sometimes
even less.

The above cited conditions have so increased the
cost of amortization and maintenance of wood pole
lines, that in many localities it has been found neces-

Fig,

65 -

sary to adopt the use of more permanent material.
The use of reinforced concrete for this purpose has
beccme more and more popular and can well be said
to have successfully passed the experimental stage for
poles with a length of 12 to 15 metres. Concrete
peles of greater length are generally too cumbersome
and difficult to transport.

The choice between poles of reinforced concrete

A

1.

and of wood is largely a matter of economy and due
consideration must be given the period of amortiza-
tion, existing rates of interests, etc. A presentation
of the financial aspects of the question would be all
too lengthy, however, especially as no general rules
are applicable. in each separate case
choose that alternative which will prove most econo-
mical in the long run.

The writer has been in a position to study the con-
structicn of reinforced concrete poles by a large Chi-
lean power company, “"Compania de Traccién v Al-
umbrado de Santiago”, which has solved the pole
maintenance problem in a most satisfactory manner
by the extensive use of concrete.

One must

Since the experience
which the writer has acquired on this subject may be
of interest for the readers of this journal, a short
description will be given of the pole design used as
well as of the method of construction.
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Section B—B Section C—C

No. o D No. | A B
6 150 | 272 1 180 | 347
7 144 257 2 174 | 332
8 138 242 3 168 | 317
9 132 229 4 162 | 302
10 126 216 5 156 | 2687
1 120 203

12 15 190

1310 177

14 | 105 164

15 | 100 151

16 95 138

17 90 125

18 85 13

19 80 101

20 75 89

2 | 70 77

22 65 65

If the manufacture of concrete poles is to be at all
profitable the work must be carried on uninterrupted-
ly. Ordinary portland cement is not very suitable for
this purpose on account of its slow setting qualities
which necessitate the use of a large number of forms
as well as extensive space, making the entire process
both lengthy and expensive. The new quick-setting
grades of cement are therefore to be preferred, and
it can well be said that it is thanks to these that the
economical manufacture of concrete poles has been
at all possible.

Figure | shows the construction of the poles used
in Santiago de Chile. As will be seen in fig. 2, they
are used for supporting the power lines as well as for
street lighting purposes, but there is nothing to pre-
vent their being used to equal advantage for the erec-
tion of telephone and telegraph lines. They have a
total length of 9.5 m. and weigh 769 kg.

The mix consists of | part cement, 2.5 parts river
sand and 5 parts crushed stone, these proportions re-

quiring 283 kg. of cement per cubic meter of concrete.
On this particular job American “Ferrocrete” cement
was used.

The pouring of the poles took place in six tanks,
one for each working day of the week and each tank
accomodating six poles with their respective forms.

The forms are placed in the bottom of an empty
tank, each form being built up on a 27 plank. The
sides are of sheet steel and are held together by means
of strong iron clamps.

The openings between the

diagonal members are obtained by inserting wood
blocks of a suitable shape.

During the pouring operation the reinforcement is
held in position by means of 1 m/m iron wire, the
protruding ends of which are cut off after the removal
of the formwork.

The comparatively thin mix is poured into the forms
and left to set until the next morning, when the
forms are removed and used for new poles. The
poles with their underlying planks remain undisturbed
and the tank is immediately filled with water so as
to completely submerge the poles, which should remain
under water for six days. The setting process is then
completed and the poles are ready for immediate use.

The method here described requires no expensive
plant. With only six forms and six very simple tanks
an output of 150 poles per month can be reached.
As a rule the poles can be manufactured on the site,
this being an important factor for the elimination of
unnecessary transportation.

D7



R @28 Fig. 4.

A gang of four men is sufficient for an output of

the above-mentioned magnitude. No mixer is re-
quired, as one man can easily handle this part of the
work, together with the transportation of the mix to

the forms.

1s required for the transportation and erection of six
poles per day.

In order to facilitate the calculation of the cost of
manufacture for concrete poles it may be mentioned
that the aforementioned Chilean power company fi-

R 928 Fig:

The experience gained on the Santiago job proves
that the poles are easily transported and that there
is practically no danger of breakage. A four-wheel
trailer hauled by a common automobile truck or lorry

is best suited for this purpose. A gang of ten men

gures that each pole, including erection and overhead,
cost them about four pounds sterling. With the above
information and a knowledge of the cost of materials
and local labour, however, it should be comparatively

B. Kock.

easy to arrive at a fairly exact figure.

— 68 —



Some Hints on Track Circuit Calculation.

By Ture Hard,
Chief Engineer for Signals, Swedish State Railway, Stockholm.

he solving of track circuit problems by considering

the circuit as a series-parallel circuit with uniform-
ly distributed constants is not a new idea. The method
of calculation described by Harold Mc Ready in his
book "Alternating Current Signalling” is based on
this principle and is now generally used for practical
purposes.

The method presented below is also based on this
same principle but differs essentially from the former
method with respect to the practical treatment of the
problem.

The newer method is practicable for both direct and
alternating currents and allows a mathematical treat-
ment to be used throughout. The comparison of dif-
ferent track conditions and apparatus is easier, and
the effect of shunting can be more readily calculated.
A method of calculating the rail impedance and the
ballast resistance from practical tests on track circuits
can be based on the same fundamental principles and
is described in the following.

General assumptions.

A track circuit, the general arrangements cf which
are shown in fig. |, may be considered as a power

i) D

Z ot

Y

R 878 Fig. 1.
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distribution system in which the line wires are the
rails which transmit power from the track transformer
or the battery to the track relay.
The leakage resistance of the ballast is considered
equally distributed over the whole length of the track.
The capacity between the two rails is considered
negligible as compared with the ohmic leakage. At

every point of the track, therefore, the current through
the ballast is in phase with the voltage across the rails
at that point.

The self inductance of the rail must be taken ints
account by using values obtained from actual measure-
ments on track circuits.

In the equations and formule presented below the
following notations will be used. A letter in bold-
faced type signifies a vector or complex quantity.
When such a letter is met with in an equation or for-
mula, the phase angle must be taken into consideration.
If regular type is used, this means that only the
magnitude of the vector or quantity is to be considered.
Phase angles are denoted by capital letters.

z=Rail impedance in ohms per 1000 feet of
track.

r = Ballast resistance in ohms per 1000 feet of
track.

Z = Phase angle of the rail impedance z.

I = Length of track circuit in thousands of feet.

e = Volts between rails at relay end.

i = Amperes in rails at relay end.

p= Volts between rails at feed end.

u= Ampéres in rails at feed end.

Fe, Fp and Fu = Phase angles of €, p and u with

respect to i, which is taken as the axis of re-
ference.

In the equations and diagrams below, the angles
are reckoned positive in the counter-clockwise direc-
tion. The phase angle of an impedance is considered
positive when the current lags after the voltage.

Ceneral equations and formule.

With the foregoing assumptions the following equa-
tions can be shown to represent the conditions prevail-
ing in the track circuit

uz(i + eg)c e (D)

p=(e+iab)yc .. ... .....(2)
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where

a, b and C are complex quantities, whose magni-
tudes a, b and ¢, and phase angles 4, B and C, can
be calculated from the following formula

a=Vrz (3)
Z
A= g ...(4)
b — ‘/cosh 2m-—cos 2n (5)
cosh 2m + cos 2n
sin 2n
B = arctg slnh 2m ........................ (6)
c= ‘1.2\/cosh 2m + cos 2n ............ (7)
C=arctg (tgh m X tgn)..cc....c....... (8)
where

m =f\;‘fi cos 4 and n = I\/f sin Z.

o 2 r 2
From the formula (3) it is clear that the value of
a is independent of the length of the track circuit, and
for a given track proportional to the square root of

the ballast resistance.

Further, from formula (4) we find that for a
given track the phase angle A4 is constant and equal

to the half of the phase angle Z of the rail impe-
dance.

From the formule (5), (6), (7) and (8), lastly,
we find that b, B, ¢ and C are functions of the quant-

ity l\/z and the phase angle Z. With the values
r

of I, r, z and Z given, the values of b, B, ¢ and C
can be calculated with the aid of tables for trigonome-
tric and hyperbolic functions available in most en-
gineering handbooks.

To illustrate the variations of the quantities b, B, ¢
and C, the curves in fig. 2 have been plotted in the
following manner.

The values of b, B, ¢ and C have been calculated

for a series of values of l\,ﬁf and Z. For each angle
r
Z curves representing b, B, ¢ and C have then been
plotted by using the values of / \/Z as abscissae and
r

the corresponding values of b, B, ¢ and C as ordi-
nates.

The curves for b and ¢ for Z = 0 apply to direct
With Z = 0 the value of B and C is zero.

If plotted with sufficiant accuracy, the curves can
be used to determine the values of b, B, ¢ and C for

current.
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any value of f\/f and Z by seeking the ordinates ' i+ e :—: is then found by adding a vector of the
r

corresponding to the given abscissa [ \/z and phase
T

angle Z. When the given angle Z lies between two
of the phase angle values for which curves have been
plotted, the proper ordinates b, B, ¢ and C may be
determined by means of interpolation.

Example 1.

Track circuit, 5000 feet long.

Ballast resistance, 6 ohms per 1000 feet.

Rail impedance, .31 ohms per 1000 feet of track
at cos Z — .68.

Hence I=5; r=6; z=.31; Z=47°.
Thenf\/? =1.14; a=1rz=1.36; 4 =§ = 235

From the formulz (5), (6), (7) and (8) or from
the curves in fig. 2, we obtain

b=86; B=11.5% ¢=153; C=21".

Calculation of the current and voltage at the

feed end.

When the magnitudes of a, b and ¢, as well as
the phase angles 4, B and C, are known, it is pos-
sible from the equations (1) and (2) to determine
the voltage and current to be used at the feed end
of the track circuit in order to maintain a given cur-
rent and voltage at the relay end.

The determination may be accomplished either gra-
phically by plotting vector diagrams, or analytically
by means of vector algebra.

is shown in fig. 3.
The current 1 1s laid off along the axis of reference
(Fi=0). The vector representing the expression

b .
length e a to the current vector 1 so as to form an

angle Fe — A -+ B with the axis of reference.
The magnitude of the current vector u is obtained

by multiplying the length of i + eg with the fac-

tor c.
The phase angle Fu of the vector u is determined

by revolving the vector i + ef: the angle C.
The graphical solution of equation (2)
p=(e+iab)c

is shown in fig. 4.

The vector ¢ is drawn at an angle Fe to the cur-
rent vector 7, which, as in fig. 3, is the axis of refe-
rence.

The second component i a b of the expression
e+ iabis laid off at an angle 4 + B to the
reference axis.

By multiplying the length of the resultant vector
e+ iab with the factor ¢, and revolving this vec-
tor the angle C, the vector p is determined as to magni-
tude and phase.

The magnitudes p and v and their phase angles Fp
and Fv may also be determined by solving the vector
equations (1) and (2) analytically. For this pur-
pose the equations should be written in the following
forms where the letter j signifies the imaginary compo-
nent of a complex quantity and E the base of the
Naperian logarithms.
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u EiFu— |',- + eéEi-Fe—A-{—B}.I e Bi1e:

= li+e£cos(Fe— A+B)+

+je Sain (Fe---A+B)"cE*C.

pEP — [¢ EF +iab EIA+B] ¢ EIC =
=le+iab ENAtB-F)| ¢ EilC+Fe —
=[e+iab cos(A4+B— Fe) +

+jiab sin(A+B — Fe)] c E/(C¢HF,
HBI'ICE

i

u =cv ||'+eicos(Fe—-A +B)|L +

eb sin (Fe—A+B)r =

a

+

e V'*(“’i) + 2iel cos(Fe—A+B) ..9)

a
p=cVle+iabcos(Ad+ B Fe) +
+ lia bsin(A+ B—Fe)|*=
—=c Ve’+(iab)*+ 2 ieab cos (4 + B— Fe)(10)
ez- sin (Fe— A + B)

: 4 C.......(11)
i+eECOS (Fe—A+ B)

Fu = arctg

iabsin (4+B— Fe)

etiabcos(A+B— Fe)+C+Fe.,.(12)

Fp = arctg

Example 2.

Let us use the track circuit described in example 1,
and assume the current through the relay to be 1 amp.
at 1.78 volts between the rails, and lagging 25° be-
hind this voltage.

We have then 1 = | wvolt; e = 1.78 wvolts;
Fe=25; a=1.36; A=23.5% b=.86; B=11.5%
c=153; C=21"; Fe— A+ B=25 —235"+
+11.5=13344+B—Fe=23.54+ 11.5—-25=10".

Hence, from the formule (9), (10), (11) and

(12)
u—=153x \,ffl +( 178 x |8§

+2x1x1.78x

X IB;;) cos 13°= 3.22 amp.

p=153%xV1.78+ (1 x .86 x 1.36)* + 2 x | x
X 1.78 x .86 x 1.36 x cos 10 = 4.50 volts.

1.78 x | s

8 ; -
Il3t,-)><sm 13 )
Fu=arctg—— 86 ’+2|”=28‘.
1 4+ 1.78 % I' 36 X cos 13°
e I x 1.36 x 86 x sin 10°
P=arct® 98 11 x 1.36 X .9% cos 10°

+ 21° 4 25° = 509,

If the voltage ¢ at the track transformer secondary
is given, the voltage drop v in the limiting resistance
or impedance between transformer and track can be
obtained as shown in fig. 5.

R BR2 Fig. 5.

After plotting the vector p at an angle Fp to 1, the
vector v representing the voltage drop 1s laid off at
the proper phase angle to the current u and is extend-
ed so that the resultant of p and v becomes equal
to the given transformer voltage 1.

Influence of a shunt between rails.

It is now easy to determine the influence on the
track circuit of the application of an impedance of
any sort across the rails. Let us assume an impedance
of the magnitude d and with a phase angle D to be
connected across the rails at the relay end.

The current u, and voltage p, necessary at the feed
end to maintain the voltage ¢ at the relay end after
applying the shunt d may be expressed by the follow-
ing vector equations

!

oy & b .. b e e
H;—(I+a+e;)c—(l+eé)c+acuu+ac(l3)
' - : e
p|=|e+(1+aach=(e+Jab)c+aabc=

e
=p+&abc ............................................... (14)



From the expressions (13) and (14) it follows
that the current u, is obtained by adding to the current

; e :
vector u a vector of the magnitude — ¢ making an

d
The

angle Fe + C — D with the reference axis i.
graphical construction of equation (13) is shown in

fig. 6.

R 883 Fig. 6,

Likewise, the voltage p, can be found by adding

v e
to the voltage p a vector of the magnitude 49 b ¢

making an angle Fe+ A4 4+ B+ C - — D with the
reference axis i. The graphical solution of equation

(14) is shown in fig. 7.

—

—— e — = ——

Fig 7
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The solution of equations (13) and (14) may
also be carried out analytically. The equations should
then be written in the following forms

w EiFn= y EiFu zc Ei(Fe+C- D)

pEiFp= p Eife 4 %a b ¢ EilFetA+B+C—D)

Hence
u = V ucos Fu + E,c cos (4!‘:’£=+C—D)I~ +
+ [u sin Fu +3c sin (Fe + C — D)]ﬂi )

pl=\/[pcost+§abcc03(Fe+A+ B+ C—D)IL t

e

29 bcsin(Fe+ A+ B+ C—D)r(lﬁ)

+ lp sin Fp +

e

u sin Fu + 4°€ sin (Fe+C— D)
Fu, = arctg T (17)
u cos Fu+f—fceoe (Fe+C—D)
Fp, = arctg
p sin Fp + abcsin (Fe+A+B+C—D)
—— (18)
p cos Fp+ 506 ccos(Fe+A+B+C—D)
- é’-“’
o i
ST
“-‘-_‘H-““'d(—/
R 835 Fig. 8.

In fig. 8 is shown the graphical determination of
the hypothetical transformer voltage t, corresponding
to the voltage p,, the current u, and the given limiting

: v
impedance i between transformer and track.

. Vv
After plotting the vector P the voltage drop — u,
u

in the limiting impedance is laid off at the proper angle
to the current u,. The resultant of p, and the drop
vector represents the hyothetical voltage t,.

If u, p and t are values actually existing with the
track clear, it is obvious that p,, u, and {, cannot
be the real values to be expected on applying the shunt
d. Since the voltage ¢ at the track transformer secon-
dary remains practically unchanged after the applica-
tion of the shunt, it is obvious that the voltages and
currents actually existing in the track circuit with the
impedance d connected across the rails will be found
by reducing the values p,, u;, ¢ and i in the propor-

A t
t g
ion of 7

Calculation of the rail impedance and the ballast
resistance from “short circuit” and “open
circuit’” values.

Let us consider a case where the relay end is short
circuited, so that the voltage between the rails is zero.
From equations (1) and (2) we obtain

H;:f;(’.’
s = f.u a b C

where u, and p, are the current and the voltage at
the feed end and i, is the current at the relay end
when this latter is short circuited. Dividing the equa-
tions we obtain



‘p’ =38 b

us

i 19)

If S is the phase angle between p, and u, then

= A + B.

Assuming that the circuit is broken at the relay ter-
minals so that no current passes through the relay end,
then i = 0.

From equations (1) and (2) we then obtain

b
Uag=E€p-C

a
Po—€o C

where u, and p, represent current and voltage at the
feed end, and e, the voltage at the relay end when
the track circuit is open at the relay end.

Dividing the equations, we obtain

po_a

u, b

If O is the phase angle between p, and u, then
Q=4 -8B

From equations (19) and (20) the following
formule can be derived

e (20)

. {ps Po
“"me e (21)

bl

. 'Ps Uo
b'*'\/au 5 —_——
A:Séommmmmemwwmmmuﬂ
B:S;O“mmmmmmwmemmwu@

From formula (4) we get Z = 24.

Hence Z =S - O, which means that the phase
angle of the rail impedance is equal to the sum of the
phase angle between current and voltage at the trans-
former end when the track circuit is opened at the
relay end, and the phase angle between current and
voltage at the feed end when the track is short circuited

at the relay end.
The formule (5) and (6) may be written

9

cos 2n=:;i;cosh 2m

cosh 2m =V 1+ cot? B—cot’ Bcos’2n

N . .
By putting ;—,. — k and solving the equations
1+ b

we obtain
|

cos BVE*+tg*B

cosh 2m=

k
e U 26
cos BYk*+tg’B (26)
With the aid of the formule (25) and (26) the
values of m and n can be calculated if the values of
k and B are known.
Previously, we had

cos 2ﬂ =

m=1 vf cos ZZ and n=I \/f sin f
Therefore,
Y
e 2 m
\/;__ _ m _ n
2 fcoszz [ sin ZZ

Further, from the general formula (3) we know

that Vrz = a.
The following formule will, therefore, give the
values of the rail impedance and the ballast resistance.

iy O (27)
1'::0552 l a!in2
afcos‘ZZ afsinz-
r= or : O CTLCAOR, () )
m n

Method of testing.

In fig. 9 is shown a method of obtaining the values
of p,, u, p, and u, and the phase angles O and S
with the aid of an ammeter, a voltmeter, and an
instrument for measuring phase angles between currents.

Fhase Meler

/
i

R 886 Fig. 9,

For measuring the phase angles, a power factor
meter of special design has been employed. The in-
strument has two separate current coils, one of which
(number one) has an impedance of .6 ohms at 50
cycles and is connected in series with the ammeter.
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The other current coil (number two), which has an
imdepance of 16 ohms at 50 cycles, is connected
across the rails in series with an ohmic resistance of
about 100 ochms. To each one of the current coils
belongs a tension coil (number three). Both of these
tension coils are connected to the same auxiliary volt-
age, for instance the primary of the track transformer.

The instrument has two scales showing the phase
angle between the auxiliary voltage and each of the
two currents. The difference between the indicated
phase angles will give the phase angle between the
currents passing through the current coils. As the
phase difference between the current and the total
drop in the branch consisting of coil 2 and a resistance
in series is known, it is also possible with the aid this
instrument to determine the difference in phase be-
tween the current through the ammeter and the volt-
age across the rails.

In order to obtain the correct values of u; and u,
the ammeter readings u,, and u,, should be corrected
so as to allow for current passing through the volt-
meter and the phase meter coil in parallel with the
voltmeter. Likewise, it will be necessary to correct
the phase meter reading S, as shown in the following
example.

Example 3.

Test made on a track circuit fed with a 50 cycle
alternating current.

Length of track circuit, 5000 feet.

Weight of rails, 40.5 kg. per metre.

Length of each rail, 10 metres.

Bending by means of copper wires welded to the
rail head.

M casurements with track circuit open.

_ Readings,
p, = 8 volts (resistance of voltmeter = 500 ohms).
u,, = 2.60 amp.
O — 6° (impedance of phase meter coil and resist-
ance connected in series across the rails —
110 ohms at a phase angle of 14°).

Current taken by voltmeter 902% = .016 amp.

Current taken by phasemeter f, =|B = 073 »

10

Corrected according to the diagram in fig. 10,
u, = 2.60 —.016 —.073 =2.51 amp.

— 15

N
v

R 887 Fig. 10,

t'ao

M easurements with the track short circuiled at

relay end.
Readings,
p, = 3.90 volts (resistance of voltmeter — 100
ohms) .

u,= 3.75 amp.
S, =54.5" (impedance of phase meter coil and

resistance =— 110 ohms at a phase angle of
14°).
3.90
Current taken by voltmeter, Vs = 100 — 039
0
amp.
Current taken by phase meter, f, = 3]'?3 = .035
amp.
Corrected according to the diagram in fig. 11.
u,=3.75— .04 X cos 545 —
—.035 X cos(54.5 — 14") = 3.70 amp.
S =545+
.04 % sin 54.5° + .035 x sin 40.5 G
o 370 x 3.14 x 180 =55
/%° /
\\/
% e
Us =
o \usr )
R @88 Fig. 11,

Hence, from the formule (21), (22), (23) and
(24)

390 8.00
@= V 370 % 251 — 8¢
390 251
b=V 370> 800 =7
A=P*6 _ 45
2
B= 552_-6 = 24.5°



1 —b? l.—33

Further, b = I+5 = 133 =.50 and from
the formule (25) and (26)
cosh 2m = ———,I————— = 1.62
91 x V.25 + .21

cos 2n = .50 x 1.62 = .81
2m = 1.06; m = .53.
2n=135.45"= .62; n= .3I.

Z 3 - Z 5 210
tg 2= 53 = .59; B =30.57. L =861%

This value of Z coincides with the value of Z
which is obtained by adding up the phase angles
§=55° and O = 6°.

Finally, from the formule (27) and (28) we
obtain

1.84 x .53

275 % cos30.5 =23 ohms

1.84 X 5 x cos 30.5 -
= 53 ~ = 15 ohms.

Example 4.

Track circuit, 5000 feet long, fed with direct cur-
rent.

Open circuit test.

po=1.10 volts (voltmeter resistance = 690 ohms).
u,,=.450 amp.
& = .450 — Lo 448
orrect u, = . 690 ~ - amp.
Short circuit test.
p, =.43 volts (voltmeter resistance = 690 ohms).
u,,=2.50 amp.
43
Correct u, = 2.50 — 690 — 2.50 amp.
Hence,
43 1.10
a=V 250% 4a8
43 448
b=\ 3> T =2
| — .07
k= N .87.

Since B—=10,cos B= 1 and tg B—= 0.
|

Hence, cosh 2 m = k = 1.15
2m=— 54; m— 27
. ?27 =035 ohms per 1000 feet.
Frs '65'2’; D oo 1o per 1000 far.

CONTENTS: Carl Edward Nilsson +. — The telephone as an aid in the organization of the taxicab service in
large cities. — The Swedish Radio Company. — The smallest electric interlocking machine. — Telephone poles of rein-

forced concrete. — Some hints on track circuit calculation.

Stockholm 1929, Kurt Lindberg, Boktryckeriaktiebolag.
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Subtraction Meter with Load Balancing Switch.
By Axel Widstrom.

Engineer of the Electric Power Works, Stockholm.

A constant mean load in the plant is obtained through the switching on and off of
heat accumulating devices.

R ccently the form of tariff based on a fixed yearly
rate increased with a certain rate per consumed
kilowatt-hour has again been made the subject of
much interested discussion. Although originally in-
tended to stimulate the consumption of lighting energy
as well as the increased use of various household con-
veniences such as irons, vacuum cleaners and the like,
this tariff is now considered suitable also for the sale
of electrical energy for cooking, on condition that the
kilowatt-hcur rate is set sufficiently low, preferably
under .10 Swed. crowns.

However, if a consumer who has already been
using electrical energy for cocking purposes with a
direct acting range according to this tanff wishes to
have the added convenience of a heat accumulating
water heater, he will generally consider the rate of
.08 or .09 crowns per kilowatt-hour for water heating
purposes to be rather high, while on the other hand
the power companies are generally satisfied with a
lower rate for energy used for this purpose, on con-
dition, however, that the consumption takes place
during suitable hours of the day. Such an arrangement
requires a regulating cleck, which switches the water
heater on and off at certain pre-determined times,
however, and generally also a special meter for the
cnergy consumed by the water heater. This com-
plicated equipment means a higher cost of installation

which specially for smaller hot-water installations
— als> means a considerable increase in the cost of
energy.

A much simpler and cheaper method of solving this
problem is generally found by using the household
tariff meters manufactured by L. M. Ericsson® for
D. C. as well as A. C. and which have been in use
for several years and in such large numbers that their
reliability and efficient service can well be vouched
for.

The Ericsson Household Tariff Meler.

This meter is an ordinary ampere-hour meter with
total and excess recording trains. Also, it is provided
with a small (sealed) mercury switch which breaks
a circuit or closes the same depending on the load.

A skeleton diagram of the meter is shown in fig. 1.
The water heater is ccnnected between neutral and
the cuter pole over the mercury switch 39; the other
devices, such as lamps, direct acting cooking range
etc. being connected direct between neutral and the
outer pole. To the left is shown the regular magnet
mctor meter 3 with shunt 4, armature 8, brake mag-

* The idea of using the household tariff meter for in-
stallations with direct heating electric ranges and water heaters
originated with chief engineer N. Forssblad.
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nets 7 and recording train 16 for registering the total
amount of energy consumed by the entire plant, since
all the consumed energy passes through either the

x X X1

Fig. 1. Skeleton Diagram Showing Construction of Meter and

Manner of Applying Loads.

The mechanical element
which provides the constant speed which corresponds
to the subscribed or subtraction limit is represented by
the clockwork 23, 34. The movements of the clock-
work and of the armature of the meter are mechanic-
ally transmitted to the gear wheels 17 and 18 of a
differential gear, the planet wheel 25 of which im-
parts its movements to the excess recording train
through the shaft 26, 27. Consequently, the speed
with which this shaft rotates is proportional to the
difference between the variable speed of the arma-
ture and the constant speed of the clockwork, i. e.
the excess recording train registers the effect which
— 1n a load diagram — lies over the load limit corres-
ponding to the speed of the clockwork. The meter
is adjusted to different values of subscribed effect by
exchanging one of the gear wheels in the transmission
19, 20.

The necessary impulse required to start the clock-
work is obtained in the following manner. If the
armature 8 begins to rotate and we assume the clock-
work and consequently also the planet wheel 18 to
be at a standstill, the shaft 26— 32 of the planet wheel
rotates an angle equal to one half of the angle of
rotation of the mitre wheel 17. This movement is
transmitted to the ratchet wheel 34 which lifts the
control lever 35 up from the rest 41, thus bringing
about a tension in the spiral spring 43. The tension
in the spring acts as a cog pressure between the gear
wheels 17 and 25 and an equal pressure on wheel 18.

meter shunt or the armature.

This last force is transmitted over the gears 19—20
and 21—22 to the clockwork which is set in motion
on condition that the tension of the spring is correctly
adjusted.

Functioning of the Meler.

Three different cases may occur depending on
whether the load is less, equal to, or greater than the
bulk limit.

In the first-mentioned case, with a small load—
meaning that the speed of rotation of wheel 17 is
less than the constant speed of wheel 18, which
latter corresponds to the speed of the clockwork
—, the ratchet wheel moves clockwise and the control
lever with the ratchet tooth is lowered towards the
rest 41, thus depriving the clockwork of its driving
After

the armature 8 has made a few more revolutions the

force and causing it to come to a standstll.

lever arm is again raised and the clockwork again
starts to function, the entire procedure being repeated.
For loads which do not reach the bulk limit, there-
fore, the clockwork works intermittently, the length
cf the pauses being inversely proportional to the size
of the load, 1. e. the smaller the load, the longer the
pauses.

In the second case, with a load equal to the bulk
limit, the ratchet wheel remains at rest after the clock-
work has started to function, the wheels 17 and 18

Subtraction Meter for ). . with
Protecting Cover Bemoved.

Fig. 2

having the same speed of rotation in opposite direc-
tions. In the first as well as in the second case the
ratchet tocth 36 rests against the same tooth on the
ratchet wheel, no consumption being registered by the
excess recording train 31,
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In the third case, with a load exceeding the bulk
limit, wheel 17 is constantly rotating with greater
speed than wheel 18; consequently, the ratchet wheel
34 rotates counter-clockwise, lifting the control
lever. The excentric hanging of this lever in relation
to the ratchet wheel causes the ratchet tooth 36 to
finally trip off of the tooth of the ratchet wheel against
which it is resting and to fall down upon the next
one. This takes place about opposite the number 34
on the circumference of the ratchet wheel. (In fig.
| the control lever is merely schematically pictured,
in reality it extends around about half of the circum-
ference of the ratchet wheel, the point about which
it pivots being on the same level as the shaft which
carries the wheels 33 and 34.) The resisting moment
on the ratchet wheel which is necessary in order to
provide the motive force for the clockwork is still
provided by the ratchet tooth.

In the respects herctofore mentioned the meter
functions in exactly the same manner as a common
subtraction meter, merely with the modification that
the clockwork is driven by the meter instead of by a
separate source of energy.

We now come to the switch 39. This is a (sealed)
mercury switch which, among the special features which
make it suited for this purpose, embodies what may
be termed a certain dead or idle movement; when,
at a break, the mercury separates, the surface tension
of the liquid metal causes the two parts of mercury
to quickly contract so that a certain separating space
is immediately formed between them. Thus, the
switch must be tilted a certain angle from make
to break position and vice versa. The make and break
tilting angles for the same mercury switch are always
the same; in varying designs the switching angle may
vary between the limits 1.5° and 3°. The mercury
is connected to the control lever so that its angle
movement is always proportional to that of the ratchet
wheel and consequently also proportional to that of
the planet wheel shaft as long as the ratchet tooth
remains in position against the same tooth of the
ratchet wheel. The switch is in make position when
the control lever is resting against the rest 41. When
the total load exceeds the bulk limit, the ratchet wheel
rotates counter-cleckwise, bringing with it the control
lever 35 which — by means of the rigidly attached
arm 37 — tilts the mercury switch about the shaft
40 until it breaks the circuit and disconnects the water
heater.

The mean load in the plant is regulated by the
In fig. 3, B re-

meter in the following manner,

presents that part of the load which cannot be dis-
connected, A is the bulk limit, while C is the load
which can be disconnected by the mercury switch. If
B minus C, is greater than A, the ratchet wheel — as
already mentioned — will rotate counter-clockwise un
til the load C has been disconnected. If the remain-
ing load B is smaller than 4 the movement of the
ratchet wheel will be reversed and after it has rotated
clockwise a certain angle, C will again be brought in
circuit, after which the ratchet wheel will again re-
verse. When the ratchet wheel has rotated the same
angle counter-clockwise, C is again brought in circuit,
and so forth. A certain angle of rotation of the
shaft 26—27 32 of the planet wheel corresponds
to a certain effect above or below the bulk limit,
and since in the present case the angle of rotation
clockwise is equal to the angle of rotation counter-

1l
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Fig. 3. The Load € is Automatically Switched On and Off.

Thereby Maintaining the Average Load of the Installation at
the Subscribed Effect A

clockwise, we arrive at the conclusion that the excess
effect during the time that both B and C are in cir-
cuit is compensated by an equal deficiency during
the time that B alone is in circuit. The cross-hatched
portions in fig. 3 above and below the bulk limit 4
are therefore equal and the meter regulates the load
to a mean value equal to the bulk limit by the alternate
connecting and disconnecting of C. If the constant
lcad B is greater than the bulk limit A it is no longer
possible for the meter to accomplish such a regulation.
In this case the load of the water heater is permanently
switched off and the excess recording train starts
registering the consumption of effect which exceeds

the bulk limit.
Tariff Rates and Charges.

When determining rates to be applied in conjunc-
tion with this meter, the manner in which the meter
functions must be given due consideration. Let us
take a concrete example and assume that a customer
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consumes 300 kilowatt-hours for lighting etc. and
1560 kilowatt-hours for cooking, paid for at the rate
of 60 Swed. crowns per year (calculated according
to the number of rooms) plus an effect fee of .09
crowns per kilowatt-hour. The customer wishes to
install a water heater for 300 watts and the energy
which this requires is to be paid for at the rate of .05
crowns per kilowatt-hour. The household tariff me-
ter should then be adjusted for a bulk limit of 300
walts. The total recording train registers the total
amount of energy consumed by the plant while the
excess recording train registers that part which exceeds
the bulk limit of 300 watts. When the load for
cocking, lighting etc. exceeds 300 watts the water
heater is constantly switched off.

The charges are best calculated so that a fee of
.05 crowns per kilowatt-hour is charged for the
energy registered by the total recording train, with an
additional charge of .09—.05 = .04 crowns for the
energy registered by the excess recording train. How-
ever, in this way the customer might obtain that part
of the cooking and lighting load which lies below the
bulk limit at a lower rate than before, 1. e. at .05
instead of .09 crowns per kilowatt-hour.

The value of the compensation which, for this
reason, should go to the power company, may suitably
be figured as follows. Investigations show that a
direct acting electric range is switched on an average
of 3.5 hours per day. The amount of energy used
for cocking purposes which lies below the bulk limit
is therefore 3.5 A kilowatt-hours per day, if A4 re-
presents the bulk limit in kilowatts, or, figuring with
330 days, 330:¢3.5X A4 kilowatt-hours per year. If
the additional fee amounts to a crowns per kilowatt-
hour, the total charges should include a yearly fee of

330< 3.5X A Xa crowns.
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If we msert the values given in the above example
we obtain

330<3.5< 4 <X.04 = 46 < A4 crowns,

or, in round figures, a tanff rate of 50 crowns per
subscribed kilowatt-hour and year. The greater part
of the lighting energy, estimated at two thirds or about
200 kilowatt-hours, also falls below the bulk limit,
thereby giving cause for an increase of 200<.04 —
8 crowns. Also, a certain rental should be paid for
the expensive meter, say about 7 crowns. The meter-
ing fee as well as the increase for light energy may
suitably be included in the set yearly fee.

The tariff rate would consequently include the fol-
lowing items:

1. A set yearly fee of 604847 — 75 crowns;

2. A yearly fee of 50 crowns per each subscribed
kilowatt;

3. A fee of .05 crowns per kilowatt-hour registered
by the total recording train;:

An additional fee of .04 crowns per kilowatt-
hour registered by the excess recording train.

A circemstance which should be accentuated in
this connection is that the bulk limit of the individual
consumer 1s not increased cn account of the water
heater, but quite naturally the condition that a small
part of the water heaters take part in the excess load
of the company’s power plant is unavoidable.

In any case, the above-described meter provides a
comparatively simple and cheap solution to the problem
of obtaining long consecutive loading which does not
heavily tax the service net of the power company and
increases its maximum lcad in but a very small degree.
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Installations with mixed Loads

Lighting, Heat Accumulating Devices, &e. —

Special Features:
Adjustable to a certain subscribed effect.

e As long as the lamp load alone does nol exceed
the subscribed effect
the consuniption of energy by heat accumulating devices
is automatically regulated when
the bulk limit is exceeded, to the extent that
the average total effect is equal to
the subscribed effect.

oy Az soon as the lamp load alone exceeds
the subscribed cffect
the heat accumulating devices ure automatically disconnected
and the excess consumption of ecnergy is
registered by a separate recording train.

Made for both D. C. and A. C

L
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Curré Single Phase Meters.
Two and Three Conductor
Three Phase Meters

for equally or arbitrarily loaded phases, with and with-
out neutral, independant of the sequence of the phases.
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On Junction Telephone Traffic Automatic to Automatic, or Manual
to Automatic.

by Professor R. Trechcinski, of the Warsaw Institute of Technology.

When establishing junction traffic between two
or more telephone exchanges, it is usually
stipulated that all signals shall be given in exactly the
same manner as for connections between subscribers
within the same exchange area, i. e. calling signals
shall be suited to the systems of the respective ex-
changes, either the call is made between two sub-
scribers within the same exchange area or belonging
to different exchange areas. Should one of the ex-
changes serve in the capacity of sub-exchange, the
signals at this exchange should be normal while at
the central exchange they need not be influenced by
manipulaticns made at the sub-exchange.

When referring to junction traffic between auto-
matic exchanges, we differentiate between main ex-
changes which are inter-connected according to the
compound system, and satelite exchanges, whose main
characteristic is that their first group selectors and re-
gisters are placed at the main exchange. The con-
nections between a satelite and the main exchange can
be either direct or over an intermediate exchange
(tandem connections). Certain main exchanges can
serve as switching centres or junction points for the
different exchange grcups within an automatized area.

Special arrangements are required for junction traf-
fic between automatic exchanges of different systems.
Some of these arrangements will be described in the
following.

The term ‘small automatic’ is here used to designate
installations in which the number of subscribers’ lines
or of cord circuits is restricted by the very nature of
the system, while the term ‘large automatic’ refers
to installations in which the number of lines as well
as of cord circuits can be extended at will by increas-
ing the number of switching contacts or of switching
devices.

By cord circuit is here meant the combination of

switching devices required to establish a connection
between two subscribers belonging to the same ex-

change. In addition, a connection to a compound,
tandem or satelite exchange includes a junction line.

In the following we will touch especially on the
apparatus at an automatic exchange which receives
the trains of impulses sent cut by a subscriber’s calling
dial and which transmits them to another automatic
exchange.

These trains of impulses correspond to the decimal
system, which does not mean, however, that the auto-
matic exchanges must operate on the decimal system.

Slow acting relays are used to separate the different
trains of impulses at the automatic exchange. While
normal acting relays actuate within a space of ten to
thirty thousandths of a second, in slow acting relays
the space of time required for this operation can be
increased to as much as 300 thousandths of a second
with the aid of various devices. An even longer space
of time can be obtained with special types of relays.

In one very commen type of slow acting relay the
iren core is surrounded by a copper sleeve.

For relays with an ircn core 8 mm. in diam, which
has been magnetized to an induction cf 5000 gauss,
the time — expressed in milliseconds — during which
the relay remains actuated after the breaking of the
circuit, can be calculated by the aid of the following
approximate formula which — as well as the follow-
ing ones — is intended merely to give a clearer con-
cepstion of what is meant.

T, = (100 VD -

8) ms,

in which D = outer diam. of copper sleeve in mm.
The sensitiveness, 1. e. the strength of current re-
quired to actuate normal relays provided with a con-
tact spring group with a contact pressure — in normal
as well as actuated pesition — of 20 gr. may be
approximately calculated by means of the formula

L = 120
'R

in which R = resistance of winding in ohms.

mA (milliamperes)



As soon as the relay energizes there is a reduction
of the magnetic resistance in the magnetic circuit.
The strength of current required to hold the armature
is then obtained from the formula

60

where P = contact pressure in grams and IR = re-
sistance of winding in ohms.

In automatic exchanges with cord circuits so ar-
ranged that two subscribers obtain a direct connection
with each other without any condensers or with only
one condenser in one of the line branches, the necessary
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The maximum strength of current at which the
armature with certainty will return to normal can,
under similar conditions, be calculated from the for-
mula

fp = L mA.
VR

The sensitiveness of the polarized relay is obtained
by using the formula

4P

_ A,
ba="m ™

Fig, 1.

translation of impulses may be accomplished by means
of the cord circuit translator shown in fig. 1.

The upper part of the diagram represents the cord
circuit in a small automatic exchange. Bl och B2 are
the subscribers’ line relays, B a common feed induc-
tion coil, while I#a and Wb are selectors on the lines
La and Lb respectively.

The lower portion of fig. 1 represents the diagram
for the translation of impulses over the above-men-
tioned cord circuit. PR is a polarized relay, on the
one side connected to the line branches and on the
other side to a current splitting device D. This lat-



ter may be substituted by a battery with lower tension
than the feed battery for the exchange. The auto-
matic exchange which receives the impulses is con-
nected to the terminals La4 and Lb4.

As soon as the calling subscriber at the exchange
in question has dialled the number of the line to which
the impulse translator is connected the following cir-
cuit is closed.

Positive, B, Wa,, La,, the subscriber’s instrument,
Lbl, BIl, negative, and also in parallel Wb1, Lbl,
B2 to negative.

If we assume, for instance, that the induction coil
B has a resistance of 150 chms and each of the re-
lays Bl and B2 a resistance of 300 ohms, which,
when connected in parallel, makes 150 ohms and
that the feed battery for the automatic exchange has
a tension of 24 volts; also, that the voltage between
the positive pole of the current subdivider and point
one is 2 volts, between points | and 2 the voltage is
20 volts and between pomnt 2 and negative it is 2
volts, the resistance of the polarized relay being
assumed to be 2 X 100 ohms. With a contact
pressure > =— 10 gr., the sensitiveness of the polarized
relay will then be

_ 4x10

- V200

In order to permit a current of this strength to pass

through PR, the difference in voltage between point
D1 and the line branch La must amount to

2.85 x 100
1000 — 285 volts.

The voltage drop in coil B is then 2.285 volts, the
strength of the current passing through the coil being
15.1 mA. This value together with the strength of
the current passing through the polarized relay gives
us a strength of line current equal to 17.95 mA.

Since voltage and current conditions for the b-
branch are analogous with those for the a-branch, the
voltage between the termials Lal and Lbl is

24 2 < 2.285 = 19.4 volts,

= 2.85 mA.

corresponding to a total resistance in the subscriber’s
line and telephone instrument of

L f; ]' 000 _ 41980 b

If the resistance of the telephone instrument is about
280 ohms, the line  resistance will be about 1000

ohms. With a lower line resistance, there is an in-

crease in the strength of the current passing through
the induction coil B and the polarized relay, a maxi-
mum value being obtained when the line resistance
—0, 1. e. when the telephone is connected direct to
the exchange. Since the line resistance varies between
the above-mentioned values, the relay PR energizes
and closes the upper contact a with a contact pressure
of 10 gr. or more.

When the subscriber replaces the microtelephone on
the cradle rest the following circuit is formed,

Positive over B, Wa2, La2, La3, PR to DI,
with a strength of

2 x 1000

T = 8 mA.

250 =2
A current of this same strength passes through the

two parallel relays B1 and B2, giving each one 4 mA.
According to the above formula the current re-

quired to keep relays Bl and B2 actuated is

B 00 G

1300

From this we find that the current is of sufficient
strength to hold relays Bl and B2 in their energized
positions and that both relays remain actuated during
the breaks in the circuit occuring in the telephone
instrument. The current of 8 mA now passes through
the polarized relay in ancther direction than pre-
viously and the armature of the polanized relay is
reset to the lower contact of this relay due to the
fact that the strength of current depasses the degree
of sensitiveness of the relay.

If the circuit is closed in the telephone instrument,
everything is restored to its previous condition and the
upper contact of the relay is again closed. Thus 1t
is clear that the position of the armature of the
polarized relay depends on whether the circuit through
the telephone instrument is closed or broken.

Since the transmission of impulses causes a making
and breaking of the current through the telephone,
the armature of the polarized relay moves back and
ferth resulting in makes and breaks in the circuit to
the automatic exchange connected to the terminals
La4 and Lb4, as shown in fig. 1.

When the calling subscriber replaces his microtele-
phone at the termination of the call, the armature of
PR returns to the lower contact b causing a clearing
signal to be sent out to the other autcmatic exchange.

The speaking circuit between the two subscribers 1s
as follows:
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Subscriber’s instrument, Lal, Wal, Wa2, La2,
La3, Cr, Tr, Lb3, Lb2, Wb2, Whi, Lbl, and sub-
scriber’s instrument, and

from the other automatic exchange to La4, Tr, up-
per contact of PR, Lb4, back to the exchange and
from there to the other subscriber.

We will illustrate the above principle by means of
an example, assuming telephone traffic between a
private automatic exchange A and another private or
city exchange B. The principle of the switching pro-
cess is shown in fig. 2. The direction of the traffic
is indicated by arrows, “TLLIM 500/1000" represent-
ing the impulse translating device schematically shown
in fig. 3.

In exchange A4 the connection in question differs
from a standard connection in that the feed contact
springs for generator current are insulated, due to the
fact that a signal current is not necessary for the
starting and functicning of the translator.
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In the following we will designate the contacts of
a relay by the letters a, b, ¢ etc. counting from the top.

When the subscriber dials the number of the line
to which the impulse translator is connected the fol-
lowing circuit is formed:

Positive, VRa, ERa, PR, Lal

and in parallel,

Positive, B (fig. 1), Lal, over the calling sub-
scriber’s telephone to the two relays in parallel and
to negative.

RR energizes and closes the following circuit,

(2)

The relay ER energizes and closes the following
circuits,

Positive, RRa, ER to negahve

Positive, V'Ra, ERb, ER to negative (3)
Pecsitive, ERf, DWW, ERc to negative .... (4)
Lél, ERd. PR. DWW .ocoues v voosn (5)
L. ERe PR DWW i ccovummnssn s (6)

Circuit (1) is broken and RR de-energizes. The
current starts to pass through PR, whose armature 1s
altracted, closing contact PRa and the following cir-
cuit,

Positive, ERg, PRa, IR to negative

IR energizes and closes the circuit of the called
exchange over La2, TI1, IRa and Lb2.

If the called exchange sends out a buzzer signal,
this signal reaches the calling subscriber over the cir-
cuit (see figs. | to 3)

TIl, Crl, Lal, Wa, La, TF1, Lb, Wb, Lbl,
and back to T/1 (8)

When the calling subscriber receives a tone de-

ncting that the connection to the called exchange is
clear, he dials the desired number just like any sub-
scriber belonging to the net of the called exchange.
PR transmits impulses while circuit (7) is alternately

broken and closed. IR alternately de-energizes and
energizes, causing makes and breaks to occur in the
impulse relay circuit of the called exchange, thereby
establishing the desired connection.

The pulsating of PR causes the following circuit
(9) to be closed over contact PRb,

Positive, ERg, PRb, VR, Li to negative .. (9)

During this transmission of impulses, however, cir-
cuit (9) is closed for so short a time that the slow
acting relay V'R, which is connected in series with
the inductien coil Li, does not have time to energize.
When the subscriber replaces his microtelephone, V'R
energizes and circuit (3) is broken. ER de-energizes,
thereby breaking circuits (4), (5) and (6) and dis-
connecting PR from Lal and Lbl. Also, circuit
(7) is broken, IR de-energizes and breaks the current
circuit to the other exchange, a clearing signal being
simultaneously sent out to this exchange. The con-
denser CR2 and the series connected resistance of
500 ohms prevent the forming of sparks at PRa in
circuit (7).

Terminals L1 and L2 as well as TI2 serve for
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the connecting up of an amplifier if such a one should
be found necessary.

1f still ancther impulse translator is inserted between
the second exchange and a third one, it is possible
for a subscriber belonging to the first exchange to
obtain a full-automatic connection over the second
exchange to a number at the third cne.

Furthermore, there is ncthing to prevent a sub-

From the foregoing it is evident that the called
exchange receives a clearing signal from the translator
between the calling and the called exchanges as soon
the calling subscriber has replaced his microtelephone.
When the called subscriber also replaces his micro-
telephone the called exchange receives a double clear-
ing signal and breaks the cord connection.

It may happen, however, that the called subscriber
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scriber from obtaining automatic connections in this
To ac-
complish this the calling subscriber must dial the num-
ber of each exchange in turn, each time awaiting the
dial tone from the called exchange, firally dialling
the desired subscriber’s number after having reached
It is of importance that the calling
subscriber does not dial more than one exchange
number at the time and he must know the number
of intermediate exchanges over which the connection

manner over several automatic exchanges.

his exchange.

1s to pass.

for some reason or cther does not replace his micro-
telephene, causing the cord circuit translator to be
blecked for further calls from the calling exchange,
and a subscriber at this first exchange is unable to
obtain a cornection to the same called subscriber.
For this reason it is desirable that the cord circuit at
the called exchange becomes disengaged as soon as
the cenversation is ended, for which purpose a special
arrangement for the release of the cord circuits is

required.
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Fig. 4 shows a circuit diagram for an arrangement Positive, B, VR4, La2, TI1, IRa, Lb2, Bl,
of this kind and the method of connecting the same V' R5a, VIR4b to negative .. ... L SG 5 (10)

in relation to relays Bl, B2 and B in fig. 1. The Bl and VR4 energize, breaking circuit (10) and

slow acting relay /R4 inserted in the line branch La  at the same time closing a new circuit,
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and the slow acting relay V”RR5 is connected up be- Positive, B, VR4, La2, TI1, IRa, Lb2, Bl, VR5
tween negative and one of the line relays B. Simul- to negative ............................ (1)
taneously with the closing of the contact of IR, the After a disengaged cord circuit has been found the
following circuit is formed, following circuit is closed,
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Positive, VR4, La2, TI1, IRa, Lb2, B2, VR5
to negative, and from Lb2 in parallel over the re-
sistance that causes the energizing of Bl during the
transmission of the impulses, to positive . ... .. (12)

V'R5 is kept energized over circuit (12), the se-
lecting taking place as usual. The speaking currents
circumvent R4 through the condenser, which is
connected in parallel with 'R4. When the calling
subscriber replaces his microtelephone but the called
subscriber neglects to do this, VIR5 and B, remain
actuated while VR4, on the contrary, de-energizes.
The following circuit is closed,

Lb2; V' R3q; ViRB, B, IbZ v vuvinws

resulting in the short circuiting of the two relays Bl
and B2, which de-energize, thereby releasing the cord
crcuit.  Also R5 de-energizes, causing the relay
B2 of the called subscriber (who has not replaced
his microtelephone) to energize again, the disengaged
cord circuit being sought out as usual. At a sub-
sequent call from the cord circuit translator, Bl is
already de-energized but is now actuated again and
the disengaged cord circuit is sought out as usual.

In certain cases, when the impulse translator con-
nects two exchanges, and the line resistance between
cne of the exchanges and the subscribers’ stations is
not greater than 2150 ohms, the impulse relay in
this exchange can be so adjusted as to be less sen-
sitive and to surely de-energize at 6 mA, in which
case a simpler connecticn, as in fig. 5, can be used.
A polarized relay PR which momentarily breaks the
current circuit of the called exchange serves as a direct
impulse relay at the calling exchange, this current
circuit being again closed by the connecting up of
VR and Si with a total resistance of 3000 ohms.
The current is completely cut off for a moment by
the regular impulse relay at the called exchange, after
which it passes through a resistance of 3600 chms
(V' R, St and the impulse relay at the called exchange),
or at 22 volts with a current of about 6 mA., With
such a strength of current it is impossible — according
to our assumptions — for the regular impulse relay
to remain energized. In the same moment as the
calling subscriber replaces his microtelephone at the
end of the conversation the armature of PR moves
over to contact b and closes the following circuit,

From the called exchange, positive, B, Wa, La2,
TI, Si, VR, PRb, ERc, Lb2, over the two pa-
rallelled relays Bl and B2 at the called exchange
to negative (14)

Since we have assumed that the line resistance from
the called exchange to a subscriber’s station is not
greater than 2150 ohms and the subscriber’s tele-
phone is assumed to have a resistance of 200 ohms,
the subscriber’s line including B, line, telephone in-
strument, line and B2 will have a resistance of not
more than 800 ohms and the tension between the
terminals L.a2 and Lb2 will not exceed 15 volts. This
corresponds to about 5 mA through relay V'R, which
is adjusted so as to energize for a current of this
strength. When the calling subscriber only replaces
his microtelephone, the cord circuit as well as the cord
circuit translator at the exchange are not released.

Should a new call from the first calling exchange
be made to the same cord circuit translator, the calling
subscriber will receive a busy signal from his own
exchange. It is not until the called subscriber has
replaced his microtelephone that the relay V'R re-
ceives more current on account of the fact that the
voltage between La2 and Lb2 is increased. IR
energizes and the feed circuit for ER 1s broken. ER
de-energizes and releases the cord circuit translator as
well as the cord circuits in both exchanges.

1f the junction line between two exchanges has a
resistance between 2400 ohms and 2<900 ochms,
the junction traffic can be handled by the aid of an
intermediate’ translator placed so that the resistance
between the first exchange and the intermediate trans-
lator is not greater than 27500 ohms, and between
the intermediate translator and the other exchange not
greater than 2400 ohms, a 24 volt battery and
feed coils being required for the intermediate trans-
lator. The connections are made according to the
diagram in fig. 6.

If feed coils with higher resistance are used, to-
gether with a special impulse translator, the line re-
sistance — with a tension of 24 volts — between
the first exchange and the intermediate translator can
be increased to 2> 1000 ohms. On the same con-
ditions, but with a tension of 48 volts, this resistance
may be increased to 2> 1600 ohms. With such long
lines, however, it is advisable to use amplifiers for
the speaking current. An amplifier can be connected
up while the cord circuit translator is working to ob-
tain a connection.

Should the line resistance remain between 2< 100
ohms and 2><200 ohms, the polarized relay in the

first impulse translator may be replaced by a com-
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mon relay. The circuit diagram for an arrangement  to obtain a connection through the translator to the
of this kind 1s shown in fig. 7. other exchange for outgoing calls.

All telephones with a line resistance of less than As will be seen from the foregoing, a cord circuit
2X100 ohms should be provided with an extra re-  translator of the type here described will work only
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' { sistance in order to be able to use a translator of this with one way impulses, 1. e. impulses can be trans-
‘; kind. mitted in one direction only, from terminals Lal and

gj A telecphone with a line resistance of less than bl to La2 and Lb2. The speaking currents, on

® 2><50 ohms cannot use this translator arrangement  the cther hand, can travel in both directions, from the
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with an additional resistance, and cannot be used at  subscriber in the first exchange to the one in the second
all when the line resistance exceeds 23<300 ohms.  exchange and vice versa.

Consequently, this arrangement can be used for the If there is but one junction line between two ex-
blocking of telephones which do not have permission  changes, it is possible to place a translator at each

— 90 -



R wai

end of the junction line. Each of these translators
will work in one direction only.

Fig. 8 shows the diagram for such a translator and
in fig. 9 are shown the connections between a trans-
lator and a junction line between two exchanges.

Fig. 8.

the difference in voltage between the two batteries
should be so small that the strength of the equalizing
currents — when it is at rest — is never sufficient to
energize any of the relays.

When a subscriber at the first exchange dials the
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In this case a closed circuit is formed over both the
exchanges, the line relay and the junction lines, for
which reason it is necessary that the feed batteries for
both exchanges have the same voltage. In any case

24V
Fig. 9.

number to which the translator is connected, the fol-
lowing circuit is formed at the same time as a ringing
signal is sent out,

Positive, relay and relay contacts at first exchange,
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Ldl, BRa, AR, Lcl, relay contacts and relay at
first exchange to negative ................ (15)

AR is energized and closes a circuit — over con-
tact ARa - to the second exchange and simul-
tanecusly closes the following circuit,

Positive, ARb, ER to negative .......... (16)
ER energizes and closes the circuit
Pesitive, VRa, ERE, ER to negative .... (17)

ER now receives a holding current and remains
energized, although AR de-energizes after the send-
ing out of the calling signal.

The following circuits are closed when ER ener-
gizes,

Positive, ERh, PRa, IR to negative .... (16)
Positive, V' Ra, D, ERj to negative ... ... (19)
D, PR, ERc, Lal .................... (20)
D, PR, ERf, ERg, Lbl .............. 21

IR obtains current over circuit (18) and the cir-
cuit to the second exchange is now closed over [Ra
after first having been closed over ARa. As soon as
AR de-energizes the dial tone can be sent out from

the second exchange to the calling subscriber over T/,
La2, ERa, TI, IRa, ERd, Lb2 ........ (22)

The calling subscriber dials the desired number and
IR transmits the impulscs to the second exchange.

Relays AR and BR prevent two subscribers at
different exchanges from obtaining simultaneous con-
nections to the same junction line. When a sub-
scriber belonging to the first exchange dials the ex-
change number and the register at this exchange sends
out a current over the number line, relay AR ener-
gizes and occupies the junction line as long as the
selector for a line provided with a translator hunts
for the cord circuit to which the selector of the calling
subscriber i1s connected. At the same moment as the
junction line is seized from either one side or the
other, BR in the exchange at the other end of the
junction line is energized and closes the following
cireuit,

Pesitive, BR, Lel, B2, junction line, La2, ARa,
Lb2, junction line, B2 to negative ........ (23)

BR energizes arnd breaks the circuit between Lcl
and Ld1, thereby preventitg the subscriber at the
secend exchange from obtaining a connection to the
translator, a busy signal being sent out instead.

A diagram for such a cord circuit translation be-
tween exchanges of different automatic systems is
shown in fig. 10.

After the subscriber has dialled the exchange num-
ber, AR energizes over the following circuit,

Positive from the register of one of the exchanges,
Lel, AR, Ldl over contact and through relay at

this exchange to negative ................ (24)
Relay AR closes the circuit,
Positive, ARa, ER to negative .......... (25)

ER energizes and closes the following circuits,

Positive, V' Rla, ERa, ER to negative . ... (26)
Positive, ERe, D, ERf, to negative ...... (27)
Lal, ERd, PR; D i« con swvnmnnss ssevvn (28)
Lkl BRG: BRy B o ensummsmsms s s (29)
Lb2, ERb, ARctoearth .............. (30)

The circuit (24) is presently broken and AR de-
energizes, while circuit (26) keeps ER energized.
As long as AR remained energized, Lb2 was earthed
through circuit (30), whereby a calling signal was
sent out to the other automatic exchange.

The armature of the polarized relay PR is in the
upper contact position, PIRb. When the calling sub-
scriber dials a number and impulses are sent out from
the first exchange, the armature of PR moves to PRa
and closes the following circuit,

Positive, ARb, PRa, IR, ERf to negative .. (31)

IR encrgizes and connects La2 to earth over cir-
cuit )

La2; IRbifo eafth: ouevemmam s vmaney (32)

The second exchange now receives the train of im-
pulscs. Each energizing of IR closes the circuit

Positive, [Ra, VVIR2 to negative ........ (33)

Since V'RR2 is a slow acting relay, it remains ener-
gized during the transmission of the entire train of
impulses for each digit and closes the following circuit,

Positive, V'R3, VIR2b to negative ...... (34)

VR2 de-energizes as soon as the impulses for a
digit have been trarsmitted. However, since V'RR3
is a slow acting relay, its armature remains attracted
a little longer and connects Lb2 to earth by closing
the circuit

Lb2, ERb, ARd, VR2a, V' R3a to earth .. (35)

VVR3 de-energizes, breaking the connection from
Lb2 to earth and again connecting it to T/.

A signal is sent out to the second exchange over
circuit (35) between the dialling of each digit. The
switching process may be repeated as often as there
are digits in the numbers of the second exchange.

After the dialling of all the digits in the desired
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number, the following circuit is closed from the second
exchange,
Negative, through the feed coil, La2, IRc, TI,
VR3b, VR2a, ARd, ERb, Lb2, to negative (36)
When the subscriber at the first exchange replaces
his microtelephone the following circuit is formed,
Positive, ARb, PRa, Si, VR, ERf to nega-
BIVE ottt e e e (37)
This circuit was closed already on the transmission
of the impulses, but it was impossible for 'R to

RR energizes and closes the following circuit,

Positive, RRa, ER to negative .......... (39)

Relay ER energizes and closes the following cir-
cuits,

Positive, 'Ra, ERb, ER to negative .... (40)
Lal, ERc, PR, D .. ................ (41)
Lbl, Sil, ERe, D .................. (42)
Positive, ERf, D, ERg to negative ...... (43)

Circuit (38) was broken when ER energized; ER
]
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energize at that time since the circuit was closed for
so short a time and V'R is a slow acting relay con-
nected in series with a self induction coil. FRI now
energizes and breaks circuit (26), thereby de-ener-
gizing ER and causing La2 to be connected from
Lb2. In this manner the other exchange receives a
clearing signal.

In exchanges with one condenser in one of the line
branches and a common feed coil in the other the
cord circuit translator is connected as shown in fig. 11.

As soon as the subscriber has dialled the exchange
number a plunger key 1s depressed and the following
circuit is obtained, on condition, however, that the
Iine to the translator is disengaged,

Positive, V' Ra, ERa, RR, Lbl, through a re-

sistance to negative (38)

Fig. 10.

is slow-acting, however, for which reason the arma-
ture 1s not released until after a certain time has
elapsed, during which relay PR energizes and the
following circuit is closed,

Positive, RRb, ERd, PRb, IR to negative (44)

Relay [R energizes. If the other exchange is of
another type, a calling signal may be sent out over
the following circuit,

La2, TI, IRa, Lb2 (45)

A dial tone is received by the calling subscriber
at the first exchange, after which he can dial the de-
sired number, on condition, however, that his calling
dial is identical with those used by the called ex-
change. When the current is broken in the telephone
instrument of the calling subscriber, the armature of
PR is moved to contact ’Ra, thereby breaking circuit
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(44). IR de-energizes and breaks the circuit to the  current impulses to energize, but is now actuated.

other exchange. When the current is again closed,
IR energizes and circuit (45) is again closed. In
this manner the trains of impulses are transmitted to
the other exchange.

This results in the breaking of circuit (40), causing
all the relays to de-energize and the other exchange
to receive a clearing signal.

When the junction traffic is between two exchanges
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After the subscriber at the first exchange has re- cf the same above-mentioned type, the connections

placed his microtelephone on the cradle rest, the ar-
mature of PR moves over to contact PRa, where it
remains, thereby closing the following circuit,
Positive, RRb, ERd, PRa, VR, Si2 to nega-
(46)
Relay V'R has not previously received long enough

tive

will be according to the circuit diagram in fig. 12.
As in the previous case, the subscriber dials the
exchange number and depresses a push button, closing
the following circuit,
Positive, ' Ra, ERa, RR, Lbl, through a resist-
(47)

ance coil to negative
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RR energizes and closes the following circuits,

Positive, RRa, RR, Lbl, through a resistance coil
PO MEGALIVE .ot e e ee e e e e e (48)

Positive, RRb, ER to negative (49)

ER energizes and breaks circuit (47), although
RR remains energized over circuit (48) until the
subscriber depresses the button.

Relay ER closes the following circuits,

Positive, 'Ra, ERb, ER to negative .... (50)
Lal, ERe, PRto D .................. (1)
Positive, ERf, D, ERg, to negative . ... .. (52)
La'e = e —
| Cr §
Lb'e—— . %
i T
! i
| : . i . S
o E —
| ‘I .—1. * | | ER = 1{

La2, TI, WRb to earth (56)
The Lb line of the called subscriber is connected
to negative over a resistance coil causing the sending
out of a calling signal. The called subscriber re-
moves his handset, thereby closing the following cir-

cuit,

La2, TI, WRa, IRato Lb2 ............ (57)

If two such exchanges are to have junction traffic
with cord circuit translation, this can be obtained
according to the diagram shown in fig. 13.

After the dialling of the exchange number and the
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The following circuits are closed after RR de-
energizes,

Positive, RRc, ERc, PRb, IR to negative (53)

Lbl, WR, RRd, ERd, D (54)

WR cannot energize because the current between

- and DI

Lb1 — which is connected to positive —
is too weak.

When the calling subscriber at the first exchange
has dialled the number of the desired subscriber at
the other exchange, he depresses the plunger key on
his telephone, causing LLb1 to be connected to negative
over a resistance coil and W R receives a current over
the following circuit,

Positive, ERf, D1, ERd, RRd, WR, Lbl over
a resistance coil to negative (55)

W R energizes, whereby La2 is earthed over the
following circuit,

depressing of the plunger key, the following circuits
are formed,
Positive, VRla, ERa, RR, Lbl, over a resist-
ance coil to negative (58)
Positive, RRa, ER to negative (59)
Relay ER energizes and closes the following cir-
cuits,

Positive, FR1a, ERb, ER to negative .... (60)
Earth, RRc, ERc, Lb2 .............. (61)
Lal; ERA BRI commans v 52 (62)
Lbl, Sil, ERe, D1 ... ... ... ........ (63)
Positive, ERf, D, ERg to negative ...... (64)

Shortly thereafter RR de-energizes, thereby break-
ing circuit (61).
transmitted over the following circuits

Positive, RRb, PRa, IR, ERg to negative (64)

La2, IRa to earth (65)

The trains of impulses are now
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During the transmission of the impulses the slow
acting relays 'R2 and V/RR3 are energized over the
circuits

Positive, 'R2, IRc to negative ..........
Positive, VR3, VR2b to negative ... ... (68)

After a train of impulses has been transmitted, the
following circuit is momentarily closed,

Earth, VRR3a, VVR2a, RRd, ERc, Lb2 .. (69)

The speaking circuit passes from La2 over IRb,
TI, VR3b, VR2a, RRd and ERc to Lb2.

At the close of the conversation, 'R energizes,
circuit (60) is broken and all the relays de-energize,
causing a clearing signal to be sent out to the other
exchange.

Cord circuit translation between exchanges wired
according to the cord circuit system with two con-
densers takes place according to other principles. The
diagram for an installation of this kind is shown in
fig. 14. R represents a resistance in the circuit. A
polarized relay PIR — in series with a condenser Cr3
— 1s connected up in parallel with the same.

When the line circuit for the calling exchange is
closed, R receives current and there is a certain dif-
ference in voltage between the terminals of R. This
furnishes the condenser Cr3 with a loading current
which passes through PR and sets the armature of
this relay to contact PRa. As soon as the current in
the circuit is cut off the difference in tension between
the terminals of R ceases, Cr3 is subject to a dis-
charge and the discharge current passing through relay
PR moves the armature of this relay to contact PRb.
Thus each closing of the circuit sets the armature to
FPRa and each break to PRb.

Still another circuit diagram is shown in fig. 15.
Here Si is a self-inductance coil with comparatively
high self-inductance and low resistance. In parallel
with this coil is a polarized relay PR with high re-
sistance and low self-inductance. When a circuit is
closed over Lal and Lbl, Si immediately makes a
very high although merely apparent resistance which
causes almost all of the current to pass through PR
and sets the armature to contact PRa. During the
following moment almost all of the current passes
through Si and only a very small part through PR on
account of the high resistance of the coil Si. When
the current is cut off, self-inductance in Si creates a
reversed current which passes through PR and causes
the armature to be set to contact PRb.,

Thus, for an exchange with two condensers, cord

circuit translation can take place according to the dia-
grams in figs. 14 and 15. For exchanges with long,
loaded lines or with lines having large, variable leak-
ance line translation should be provided.

Fig. 16 shows a diagram for cord circuit trans-
lation between a manual exchange and an automatic
exchange. A special switching device is arranged in
the manual exchange for junction service to the auto-
matic exchange. When a manual subscriber wishes
to call an automatic subscriber, the local operator at
the manual exchange connects the subscriber to a
junction board where another operator plugs up the
answering cord ASt in the corresponding jack Gl
and throws the speaking and ringing key KSr. She
can now communicate with the calling subscriber over
the transformer 7rl and the following circuit,

Trl, KSre, CRI, TR2, T, KSrf, KSrb to
Trl oo onmineons s sy e 488 1o (70)

After the operator has been told the desired num-
ber, she inserts the distributing plug 'St in the jack
G2 of the corresponding junction line, thereby clos-
ing the following circuit,

Positive, RIRb, Lal, junction line, La, KSre, call-
ing, dial, KSrc, Trl, KSrb, Lb, junction line, Lbl,
Tr, St and relay PR, RRRa to negative . ... .. 71)

The armature of PR is set to contact PRa, closing
the following circuit,
Positive, PRa, IR, VR to negative ...... (72)

IR energizes and closes the following circuit,

AT T A 20 2 R — (73)

The automatic exchange now receives a calling
signal and the selector hunts for a disengaged cord
circuit.  'When a register connection has been ob-
tained, which is indicated by means of a buzzer sig-
nal, the operator can dial the desired number. The
breaks in the current occasioned by the impulses cause
— by means of the armature of relay PR — breaks
in circuit (72), whereby IR de-energizes and circuit
(73) is broken. The automatic exchange now re-
ceives the impulses sent out by means of the calling
dial and selects the desired number. If this number
is disengaged the operator receives the calling tone
and must wait on the line until the called subscriber
answers, after which she places the speaking and
ringing key in speaking position, thereby breaking cir-
cuit (71). The armature of PR moves to contact
PRb and breaks circuit (72). IR and VR de-

energize. Instead, the following circuit is closed,

Positive, PRb, VRb, RR, La2, over the cord
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circuit of the called automatic exchange and the tele-
phone instrument of the called subscriber to nega-

BIVE: = 255 tan il B O S TR g (74)

RR energizes and disconnects the battery from the
junction line. The air pump causes the speaking and
ringing key to return to normal after a certain deter-
mined time, thereby closing the following circuit,

Eb, KSra; SR, Trl; KSvd,: La; iivvvisi i (75)

Since the battery is disconnected, however, IR re-
mains de-energized. The speaking circuits are now
as follows:

Trl, KSrd, La, junction line, Lal, Cr, Tr, Lbl,
junction line, Cr2 and T7rl (76)

La2, Tr, VRa, CR3 to Lb2 ..........

When the automatic subscriber replaces his hand-
set, RR de-energizes and the poles of the battery are
connected to the junction line, closing the following
circuit,

Positive, RRb, Lal, junction line, Lbl, Tr, Si in
parallel with PR, RRa to negative ........ (78)

IR energizes and closes the following circuit,

(79)

The clearing lamp SL glows after which the
operator pulls down the connection.

If it be undesirable that the operator waite until the
called subscriber has answered, both clearing lamp
and supervisory lamp will be required in the junction
position, in which case the connections will be as

Positive, SL, SRa to negative ..........

shown in fig. 17.
The throwing of the speaking and ringing key KSr
closes the following circuit,

Positive, KL, KR, KSrf to negative .. . ... (80)

KR is energized and the supervisory lamp KL
glows on account of the low resistance of KRR, After
the automatic subscriber has been given a calling signal
by the operator — verified by means of a signal tone
—, KSr is thrown in speaking position and KR de-
energizes. | he throwing of KSr to speaking position
ends the short-circuiting of SR and SR energizes
quicker than KR de-energizes, this latter being a slow

acting relay. The following circuit is now closed,

Positive, KL, KR, KRa, SRa to negative .. (81)

During the calling of the desired number, the follow-
ing circuit 1s closed,
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Positive, I.d, Aa, VR2 to negative ...... (82)
V' R2 energizes and closes the following circuit,
Positive, ' R3, 'R2a to negative . ....... (83)

At the end of the calling signal circuit (82) is
broken and VVR2 de-energizes. Since V'R3 is slow

acting, the following circuit will be momentarily

closed,

The resistances r1 and r2 are so calculated that
the number of ampere turns in both windings of KR
are alike. Since these two windings counteract one
another, KR1 remains de-energized. At the same
moment the called subscriber removes his microtele-
phone, the amount of current passing over circuit (87)
is reduced, KR energizes and cuts off the current

This causes SR to de-

supply to the junction line.

PO )

1] o =
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Positive, KR2, I'R3a, VIR2b to negative (84)

When VR3 de-energizes, the closing of the follow-
ing circuit keeps KIR2 energized,

Positive, KR2, KR2a, Ad to negative .... (85)
The following circuit is also formed,
Positive, r2, Krl, KRR2b, Ad to negative .. (86)

after which the current of the automatic exchange
passes through the following circuit,

Pesitive, Aec, Tr, [Ra, r, KR1, over two B’s in

parallel to negative (87)

energize, whereby KR de-energizes and KL cease to
glow.

When the called subscriber replaces his microtele-
phone, KR1 again de-energizes and battery is con-
nected to the junction line.

SR is energized and closes the following circuit.

Pesitive, SL, KRb, SRa to negative .... (88)

SL glows, whereby the junction board receives a
clearing signal.

The problem of obtaining two-way traffic with
but one junction line may be solved on the afore-
menticned principles, the diagram for such a plant
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being shown in fig. 18. (An additional supervisory
relay must be included in the diagram, fig. 17.)
When two automatic exchanges are inter-connected
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Fig. 18,

Impulses can be transmitted from a 48-volt line
battery over a cable with a resistance of 6000 ohms,
a total capacity of 3 mF and an inductance of up to
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by means of loaded cables or long aerial lines, cord
circuit translation is provided at the exchange which
transmits the impulses and so-called line translation
at the receiving exchange, as shown in fig. 19.
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Fig. 19.

5 Henries. The battery must be individual for the
line and be well insulated from earth. The diagram
shown in fig. 14 can be used to advantage for aerial
lines with considerable and irregular leakance.
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R 500 Air-view of a forest fire.

On Forest Fires and Forest Fire Protection.

The Telephone as an Effective Agent in the Prevention of Forest Fires.

by Folke Johansson, of the Swedish Government Forestry Service.

he tentative estimates which now and again are

being made of the world supply of those raw
products — iron ore, petroleum, gold, coal and tim-
ber — which constitute a dominating factor in our
modern commercial life often lead to the prediction
that these supplies will soon be exhausted. Prophecies
of this sort generally result in the appearance of more
or less irresponsible statements in publications of a
professional character as well as in the daily press.
Thus, an English prediction that the world supply of
pine timber would be completely depleted within a
space of 37 years recently found its way to all cor-
ners of the world. The truth of this prophecy —
which was avidly taken up by publications of all
sorts — is a matter which we will not bother to
discuss at the present moment, but the intense interest
evoked by this “cry of distress” proves that many were
fully aware of the importance of our pine forest
reserves — not only on account of the importance of
this product for various household uses, but also in its
property of raw preduct for a number of exceedingly
important industries, i. e. the lumber, wood pulp and
paper industries — as well as of the necessity of
adopting rational methods for the working up of the
forests and for the utilization of the timber supply.
Consequently, the assumption that a realisation —

even though more or less superficial — of the ne-
cessity for the care and protection of existing pine
forests has permeated circles which are not directly
interested in forestry or any of the above-mentioned
industries cannot be taken as an exageration.

Ever time immemorial catastrophical and
rapid changes in the nature and condition of the
forests has been caused by fire, this scourge having

since

later on found a serious competitor in man, however.
In the presert case we will not touch on the human
efforts of a purely selfish character whose sole aim
is the ruthless devastation of our forest reserves for
perscnal gain only and without a thought for the
these efforts falling outside the scope of
this article, but will devote ourselves solely to forest
fires. It is true

future,

that — due to more effective
protective measures and better fire fighting methods
— the losses caused by fire have been restricted in
the same proportion as the forest supply is undergoing
a gradual reduction, but the actual economical losses
caused by fire are nevertheless more and more keenly
felt. In spite of all our most modern and advanced
technical resources the forest fire remains to this day
a largely uncontrollable and most important agent of
destruction. Seen from a geographical point of view,
this is especially true in Russia, Siberia, Canada and
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the United States, whose climatic conditions tend to
considerably increase the fire risk, although countries
with such favourable climates as Sweden, Finland,
Germany, Norway etc. also suffer great losses each
year on account of forest fires.

A few figures taken at random will suffice to prove
this statement. In Finland, for instance, during the
summer of 1925, about 25,500 hectares (abt.
63,000 acres) of government forest land were laid
waste by fire, the financial loss being estimated at
4 million finmarks. (The Finnish government forest
reserves cover about one third of the total area of the
country.) The devastated area of forest land in
Sweden is estimated at about 8500 hectares (abt.
21,000 acres) per year during the last fifty years,
corresponding to a monetary loss — including value
of timber, cost of extinguishing fires etc. — of about
2 million Swedish crowns; in Sovjet Russia the de-
stroyed area amounts to about 600,000 hectares
(1,484,000 acres), in the United States 7,000,000
hectares (abt. 17,300,000 acres) and in Canada
1,000,000 hectares (abt. 2,471,000 acres), all per
year.
are estimated at 30 and 14 million dollars respectively.
No additional comments are necessary.

In the two last mentioned countries the losses

Just as cities and other communities have been
forced to adopt various measures in order to protect
life and property from destruction by fire, so also
has this been found necessary as regards forests, for
in our present age with its enormous consumption of
paper the forest supply is altogether too valuable to
be allowed to merely go up in smoke before ever
having had the chance of being utilized in some form
or other. We will not here discuss the rather common
temporary and more loosely organized forest fire
brigades or other organizations which serve the same
purpose; what we once for all want to establish is
that the most important part of an organization for
the fighting of forest fires — no matter how local
conditions may affect the same always is a
combination of patrol duty and fire signalling, the
purpose of which is to quickly discover and locate a
starting forest fire and to report the same to the
nearest headquarters from which aid may be obtained.
At the outbreak of a fire every minute counts; a fire
which at one moment may be extinguished by a child
with a tuft of pine branches and a pail of water may,
at the next, defy the efforts of hundreds of well
The most destructive forest fires have
always had a very insignificant beginning.

equipped men.

The most effective alarm system for forest fires —

it might almost be called autsmatic, for reasons which
we will touch on in the following —, combining both
patrol duty and fire alarm, is the so-called fire tower
system, used with excellent results since many years
back. Experience shows that the fire tower, placed
on a mountain top or other rise in the ground from
which an unobstructed view of the surrounding country
is obtained, is the safest method of detecting the out-
break of forest fires in sparsely inhabited, desolate

Swedish Fire Tower f{rom the Provinee of Hirjedalen:

and hilly tracts of land. Even the aeroplane is con-
sidered

since for reasons of safety it can only be used in

inferior in this respect to the fire tower,

regions with numerous lakes; also, patrol duty is
exercised only while the machine is in the air, the
district lying unprotected between flights.
Such 1s not the case with fire towers, however, in

entire

which special guards are stationed during the summer
whose sole duty it is to keep a sharp lookout from
break of day until nightfall (and who may, in a
sense, be compared to the thermo-contact or sensitive
organ of the automatic fire alarm) for any suspicious
looking smoke, which is then located on the map in
the tower by means of a diopter, after which a tele-
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phone report is made to headquarters from which a
force may be sent out for the extinguishing of the
fire. Thus, every fire tower must be able to com-
municate with headquarters and preferrably also with

The house

R =00 American Fire Tower of Steel.
al the foot of the tower contains the fire
guard's living quarters.

other towers and points of observation within the
same district. At the present time the desired com-
munications are almost exclusively obtained by means
of permanent telephone lines; formerly optical signals
were used as well.

Just as the fire fighting equipment in our towns
and cities has undergone successive improvements and
become many times more effective than, let us say,
cnly ten years back, so also has the equipment used
for fighting forest fires been improved upon and per-
fected to a surprising degree. There are at present
portable motor fire engines in which lightness of
weight is combined with a most surprising efficiency,
light types of fire hose in kilometer lengths which are
easily transported to the site of the fire, in many
localities horse, automobile or railway patrols equipped

with the most modern apparatus are organized etc.
But if the signalling system is inadequate or does not
furction properly, what good is then derived from all
this wonderful fire extinguishing apparatus? Inter-
vention at the right moment, 1. e. at the very outbreak
of a fire, 1s of much greater value than a whole ar-

“senal of fire engines and many large bodies of water;

consequently, a campaign against forest fires should
not be begun by the acquiring of all the latest models
of fire engines and cther paraphernalia. On the con-
trary, the only efficient method is to intervene imme-
diately on the outbreak of a fire and thereby prevent
it frcm doing serious damage, and this can be done
cnly if a report of the fire is sent in quickly and
accurately, in other words if the alarm system is in
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R #9%
Temporary Wooden Fire Tower. Canada.

(Foto, Can, Forest Service.)

gocd working order. In fact, it actually is better to

have a reliable alarm system and antiquated fire ex-
tinguishing apparatus — naturally on condition that

the latter is serviceable — than vice versa.
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The duty of the fire guard up in the tower,
therefore, is to turn in an alarm in the shortest
possible time. Since, as has already been men-
tioned, minutes are precious and it is generally
necessary to simultaneously make a short report,
there is practically but one way in which this
can be done, and that is with the aid of the
telephone. Thanks to simple yet adequate tele-
phone communications the alarming of forest
fires has been made as quick and reliable as
can well be desired; consequently, it cannot be
regarded in the light of an exageration to empha-
size that fire towers without telephone commu-
nications cannot even approximately fill present
day requirements. In fact, the telephone can
well be said to constitute the solid foundation
for modern forest fire protection and what has
here been stated should make clear the fact that
the greatest responsibility born by any inert mat-
ter in this organisation rests upon the telephone
alarm system. The fact that no fire towers are
now erected without being provided with a tele-
phone gives ample proof that this means of
communication has stood the test, and proved
its fitness for this purpose.

R #08

The tops of the trees are cul off bul a few branches are left
to prevent the tree from dying.

(From the anuals of the Swedish Forest Preservation Society.)

?
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Schematie Drawing showing Construection of Telephone Line Using Live

Trees as Poles. The wire is run through the shackle insulators.

One can be practically certain that no two telephone
plants for forest service are exactly alike in all re-
spects. It often happens that unskilled labor is used
for line construction and other similar work, and un-
der such conditions the result cannot be satisfactory.
In other instances, however, men specially trained in
this kind of work are employed for the purpose, the
result being a plant which is first class in every respect.

West-European conditions have not, as a general
rule, required the construction of such extensive fire
protection telephone nets as are to be found in North
Anmerica, for instance. In proceeding to describe a
fire alarm telephone plant for the purpose of giving
a clear idea of its outer contours and method of func-
tioning, therefore, the writer prefers to choose an
example from the new world, in this case from Canada,
where colonization, climate and other conditions are
such as to have developed the technic of forest fire
protection to such a degree that it may well be held
forth as an example for the world at large. The plant
chosen for this purpcse was made the object of a
protracted stay on the part of the writer while
travelling in North America some two years age
for purposes of study and does not presume to be
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constructed in every detail according to the most ad-
vanced theories in the field of applied low tension
electricity, but in the writer’s opinion it represents a
satisfactory and instructive practical solution — both
as to design and construction — of the problem of
providing telephone communications at a reasonable

R A96

Saddle for Carrying Reels of Telephone Wire used for
transportation through forest wilds.
(Foto, Can. Forest Service.)

cost in the district in question. Consequently, it has
been considered worthy of serving as an illustrative
example.

The forest domains of the Abitibi Power and Pulp
Co. are so extensive that it was considered wise to
establish a special guard system in order to provide
protection against forest fires. Nine fire towers have
been erected, each one with an effective radius of

60 to 80 km. and placed so that the areas surveyed

As is generally
custcmary, the telephone net consists of single lines,
earth being used for the rcturn,

from each tower slightly overlap.

This is also general
practice in Scandinavian forestry, where, for the sake
of economy, single lines are always used for fire alarm,
lumber camp and forest guard telephone communica-
tions, a practice in which no special difficulties are
encountered due to the comparatively short lines and
the general absence of troublesome high tension trans-
mission lines.

The company has about 300 km. of single lines
with a double line about 50 km. long following a
railway track, making a total of 350 km. of telephone
lines. Both single and double lines proceed from the
headquarters’ administrative building and are run as
straight as possible between the towers, branch lines
being provided at two or three places. A total of
twenty-four telephone instruments are connected to the
single line, twenty-one of these being constantly con-
nected up during the warm season while the remaining
three — which are situated at the branching points —
are used only now and then for trouble shooting by the
line inspectors, for ordering repair material, and similar
purpcses. At headquarters another thirteen telephones
are installed which can all be connected to the single
line over a telephone switchboard. Another switch-
beard equipped with three vacuum protectors, one
resistance coil, one transformer and two keys permits
the establishing of connections between the single and
double line through the transformer. Since each sta-
tion has been given a separate calling signal it is pos-
sible — with the above arrangements — to speak
between any two stations.

The lines of the Abitibi plant are almost without
exception aerial passing through vast, un-
inhabited forest lands; between the Upper and Lower
Abitibi Lakes, however, is a sound about 300 m.
wide across which a 1'1” submarine cable has been
laid. A ‘pass’ from 2.5 to 3 m. wide has been
cleared through the forest for the erection of the lines,
the trees along the edge of the ‘pass’ serving as
poles. The insulators are large porcelain rings or
shackles provided with a groove on the outside for
receiving a 50 cm. long spliced stranded wire cord
by means of which the insulators are hung to the tree.
The wire cord is fastened to the trunk of the tree at
a height of about 6 m. from the ground by means of
strong 4" staples, light scaling ladders or specially
built pole climbers being used. The hole in the in-
sulator is sufficiently large to give the line wire —
2.5 to 3 mm. diam. phosphorbronze wire — free play.

lines
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R sig Canadian Line Erection Gang on the March.
(Foto, Can, Forest Service.)

The line is erected so that every other insulator is  clearance for the wire and keeps it away from the
hung on one side of the pass and every other on the  tree trunks, thus eliminating all danger of short circuits

R %03 Telephone Cabinet for Fire Alarm Use.
(Folo, Can. Forest Service,)

other side, the wire being run in zig-zag fashion with in wet weather. The wire is not stretched very tightly,
a distance of about 30 m. between the points of  neither is it fastened at any point along the line, but
support. This method of construction provides ample  is allowed to run freely through the insulators with
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R =97

Portable Telephone [or use in Trouble Finding on Fire Alarm
Telephone Lines. Canada.
(Foto, Can. Forest Service.)

practically no fixed points except at the two extreme
ends. This manner of erecting lines, which possesses
the advantage that a tree falling over the line does
not break the wire but merely presses it down against
the ground, does not seem to be in use outside of the
United States and Canada, but the idea is undoubtedly
a good one and deserves to be taken up for con-
sideration in other countries as well. Experience
shows that in dry weather there is almost no danger
at all for short circuiting through an accident of this
kind, and the trouble is easily remedied; the fallen
tree is merely cut in two and the wire freed, after
which it automatically rises up in the air again.
During the entire forest fire season while the tele-
phone alarm system must be in perfect condition, the
lines are inspected at regular intervals, each line in-

spector being responsible for a stretch of 40 to 50

km. Besides the necessary tools etc., the line inspectors
are provided with portable telephones which can easily
be connected up on the line. The previously men-
tioned telephone instruments at the branching points
can also be used to advantage for trouble finding.
Of course, there is no denying the fact that the
transmission of speech cver a single line of such great
length must be subject to the deleterious influences of
currerts caused by variations in the potential of the
ground and by the polarization of the ground plates,
giving rise to disturbing noises in the telephone re-
ceivers. In order to remedy this condition and eli-

minate these noises as much as possible the Abitibi

A & .:-.‘d
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Canadian Forest Service Emergency Communication Kit in Use.

The sel contains in the smaller compartment 1 extension bell,
1 Trotector, 1 howler, 1 condenser. The larger compartment is fitted
with 2 binding posts, from which wires lead to the external con-
nections in the set and a portable telephone. There is also room for

tonls, ete.
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line bas been provided with some twenty ‘Lavite’
discharge coils with a resistance of about 38,000
ohms each, vacuum lightning protectors being mounted
in the same boxes as the discharge coils as an added
precaution. These coils have proved so efficient in the
stopping of undesirable extra currents, that the line
is being successively equipped with more and more
of them, although a too liberal use of the same may
do more harm than good.

The parallel telephone instruments erected in the fire
towers and elsewhere are all wall instruments of
standard type with 5-magnet generators and 2500-
ohm bells, permitting the actuation of the signal bells
of all the telephones on the same line with about the
same degree of effectiveness. The telephones on the
single line are equipped with a condenser -
most distant ones with two each — and a key by means
of which the telephone can be disconnected from the
circuit while looking for faults. A Chapman pro-
tector has been mounted on the fourth pole from the
headquarters’ station building and the cable terminal
box on the ‘intake’ pole.

The functioning of the fire alarm system is briefly
as follows.
served from the fire tower, the guard sights the same
through the diopter on the map table, notes the bearing
in degrees of the spot with reference to the North
point of the compass, calls up the man on duty at
headquarters by giving the headquarters station signal

— the six

If any suspicious looking smoke is ob-

and turns in bis report about as follows, — “This 1s
Smith in the ...... tower. Light smoke at 235.”
As soon as Smith has submitted his report, he makes
haste to get off the line in order to permit guards in
other towers to report their observations as quickly as
possible, The information thus obtained makes it pos-
sible for headquarters to locate the site of the fire on
a general map covering the entire district and to take
suitable steps for extinguishing the same.

There is no doubt but that the alarm system with
fire towers or other similiar points of observation
equipped with telephone communications should be
more extensively adopted in the entire northern pine
forest belt than has hitherto been the case. In Sweden,
for instance, whose forestry is considered to have
reached a very high standard and whose wood pro-

ducts are of vital importance not only for home con-
sumpticn but also as one of the country’s most valu-
able sources of income, — representing, as it does,
more than ore half the value of the country’s entire ex-
ports — large forest tracts for which this type of
alarm system would be exceptionally suitable are still
without effective fire protection, and this in spite of
the fact that large rebates are allowed off premiums
on forest fire risks when suitable precautions are taken,
i. e. the use of one fire tower entitles the policy holder
to a rebate of 10 9%, this being increased to 15 %
where two fire towers are used. In Norway some
fifty stationary peints of observation have been estab-
lished but many more are yet needed before the forest
fire protection can be regarded as fully adequate.
In Finland, where what has been said of Sweden
holds true to an even greater extent, a severe yearly
loss is occasioned by forest fires. Russia and Siberia
are still more or less unknown quantities when it
comes to forestry, depending on the inaccessibility of
their forests and the attendant difficulties of timber
cutting, due to which the standing timber in extensive
forest areas has been considered almost valueless. In
the same degree as the world demand and conse-
quently also lumber prices experience an increase so
also will these Russian and Siberian forest lands be
subject to development and there will be a large de-
mand for equipment for the purpose of fire protection.
In the United States and Canada the forest areas pro-
tected by the fire tower system are rapidly increasing
from year to year.

From the above statistical data it is evident that
there still remains much to be done in this line. Exist-
ing conditions all seem to indicate serious future
difficulties within pine timber production, due chief-
ly to the encrmous yearly increase in the world-
consumption of paper, and if the future needs of the
paper industry as well as of other wood-consuming
industries are to be provided for the rational develop-
ment of the forest lands i1s an imperative necessity.
But what permanent benefits are obtained from all the
work spent on forest reclamation as long as the risk
of losing in secme few hours’ time the fruits of many
years' labour and of invested capital is forever immi-
nent? It is very probable that the forest fire is
an inevitable evil, but its effects can most certainly
be kept within bounds through efficient fire pro-
tection,
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On Subscribers’ Meters.

he problem of making the operation of a telephone
plant a paying proposition presented itself si-
multaneously with the planning of the first installation
of this kind. The solution nearest at hand was na-
turally that those persons who had financed the under-
taking should be the ones to use the plant and derive
benefit therefrom. This matter was arranged in the
same manner as at the present time, 1. e. so that those

at the telephone exchange was determined by the num-
ber of effectuated connections per time unit, however,
and consequently it became necessary to devise a
means for the registration of the completed calls.
Quite naturally, an attempt to let the operators them-
selves take care of this registration proved a failure
and this task was then assigned to persons specially
employed for this purpose. Even this arrangement

R w11 Fig. 1.

persons who had a telephone instrument connected to
the net in question paid a certain yearly fee as rental
for their telephone instruments. This system proved
satisfactory in the beginning, but by degrees, as the tele-
phone became more popular and more generally used,
the steadily increasing traffic soon necessitated the ex-

In

this connection it soon became apparent that only a

tension of the exchanges as well as of the nets.

comparatively small number of subscribers created
this necessity through their frequent use of their tele-
phones and since it did nct seem more than fair that
just these subscribers should stand for the increased
costs there arcse the problem of determining to what
extent the different subscribers used their telephones.

First, an altempt was made to determine the total
length of time per day during which the telephone
instrument was in use; that is to say, what might be
termed the service time was of minor importance since
the cost of the plant proved to be considerably smaller
than the cost of operation. The size of the staff

100

met with serious difficulties, however, at the same
time proving to be all too expensive. Finally, there
remained no other alternative but to design apparatus
which would automatically register the calls, thus
bringing into existance the problem of subscribers’
meters.

To simply construct an instrument which could re-
gister the number of calls did not meet with any serious
difficulties. However, a subscriber’s meter intended
for a telephone plant with several thousand subscribers
— each one of whom must have his own meter —
must have certain cother properties as well; it must
have a low cost of production and require a minimum
of attention and maintenance. The first subscribers’
meters did not meet these requirements, consequently
it was not possible to manufacture them in such quan-
tities as to permit of every subscriber’s line being
equipped with one of them.

The operating companies soon had another problem
to face on account of the steady increase in the traffic.



As soon as an exchange reached such proportions as
to require the services of more than one operator it
was found necessary to divide the work equally among
them or so as to correspond to the efficiency and
capacity for work of each one.

For this purpose it was necessary to obtain in-
formation as to the number of calls per time unit

Rouiz Fig. 3.

effectuated by each operator and it was found that
this could be accemplished with a comparatively
small number of meters. Consequently, the first cost
did not play such an important role and even the
rather expensive apparatus already to be found on the
market could be used for this purpose. Thus, one

of the first duties of the subscriber’'s meter was to

hands, one of which indicates units and tens while
the other one indicates hundreds and thousands. The
meter has a capacity of 10,000. Both illustrations
show front views of the meter, but in fig. 2 the dial
has been removed in order to show the driving mecha-

In spite of the fact that these subscribers’ meters
were a decided improvement on these previously used

nism.

they were quite bulky and expensive.

Fig. 3 shows a more recent construction of meter
for the same purpcse as the foregoing but much
smaller as well as more accurate in its functioning.
The circular face or disc with its gradations and in-

R ©ia ]‘“Il.'. 1.

provide the statistical information which served as a
basis for the distnibution of the service among the
different operators.

Subscribers’ meters of this type — the appearance
of which 1s shown in figs. | & 2 — were first manu-
factured by L. M. Ericsson & Co. in about 1893.

The mechanism consists of an armature which is
attracted by an electromagnet and is restored to nor-
The armature
actuates two ratchet wheels on whose shafts are two

mal by means of a counterweight.
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Fig. 7.

dicator hand, which often was the cause of mistaken
readings, is here replaced by the rotating recording
train now in general use; also the meter is of a much
neater and less bulky construction, an important fea-
ture when 1t comes to the mounting of the meters as
well as with regard to the cost of production and
lransportation.

Fig. 4 shows still another type in which the register-
ing mechanism is similar to that generally to be found
in gas meters.- This type is also of an older design



and has never gained any great amount of popularity,

prebably for the reason that it is not considered re-
liable.

The meter illustrated in figs. 5 and 6 is the first
one constructed by L. M. Ericsson for use in con-
junction with a subscriber’s telephone instrument. The
meter is sealed and is mounted beside the telephone
instrument. It is wired so as to register a call on the
pressing down of the button with the microtelephone
removed from the cradle rest.  The button is depressed
after the desired number has answered and at the
request of the operator, who is also able to tell whether
the calling subscriber actually depresses the button or
noi.

Figs. 7 and 8 show a subscriber’s meter of a type
similar to the foregoing although of a more modern
design. This type is intended to be incorporated in
the telephone irstrument in the manner illustrated in
fig. 9, and can be used for manual as well as auto-
matic installations.

The meter is wired so as to register only outgoing
calls for which the connection has been effectuated.
It is not difficult to see the advantage for a subscriber
who is entitled to a certain limited number of calls
per year to always be able to see the number of calls
already made. This is probably one of the surest
ways of eliminating all controversies between the sub-
scribers and the telephone company.

It is only in exceptional cases, however, that sub-
scribers’ meters are placed anywhere except at the
telephone exchange. Still, a number of telephone
companies and administrations do practice this method,
and it is to satisfy their demands that L.. M. Ericsson
manufacture the above described type.

The subscribers’ mcters described in the following
and which are all intended for mounting at the ex-
change may therefore be regarded as of standard de-
sign. However, here also there are a numher of
varying designs,

Figures 9, 10 and 11 show three different designs
cf the hand and dial type for 500, 1000 and 10,000
calls., The driving mechanism for all three consists
of an electromagnet which drives a worm gear by
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The wheel of the worm
gear is mourted on the same shaft as the indicator
hand of the meter.
simple and functions with great accuracy.

means cf a ratchet wheel.
This construction is unusually

These meters are very well adapted for a special
The telephone subscriber pur-
chases a card entitling him to, say 500 calls. His
meter is then set to 500 and adjusted to go back-

type of subscription.

When the meter is
nearing the zero mark he is apprized of this by the
cperator who asks if he does not wish to purchase

wards, one unit for each call.

If the subscriber does not comply with
this request his telephone is shut off. This system can

a new card.



be modified so that the subscribers are kept under
surveyance from a special bureau equipped with auto-
matic devices which give notice when a subscription
Also, an arrangement can be made by
with a

has run out.
means of which the subscriber is notified
special buzzer tone — when only a small number of
calls remain to his credit.

A type of subscriber’s meter which has been manu-

R 017 Fig. 13,

factured by L. M. Ericsson since many years back
and of which great numbers have been sold to all
It is of an
unusually sturdy and simple construction and functions

parts of the world is shown in fig. 12.

with accuracy and precisicn in cur northern Swedish

climate as well as in damp tropical countries or in

desert tracts with their dust laden atmosphere,
Nothing is so perfect, however, but that something

R 018 Fig. 14,

better can be imagined. Qur modern times have set
up requirements of a much too rigorous character to
be filled by these meters of an older construction, a
condition which has resulted in the construction by
L. M. Ericsson of a new type of subscriber’s meter
which represents all that is most modern and most
perfect in this line.

The meter shown in fig. 13 is a direct develop-
ment of the one previously mentioned. The principle
is the same, but the design has been considerably
simplified, a number of details having undergone
modifications and improvements in order to make the
meter perform it work with still greater precision and
reliability. It may seem almost inconceivable that

such a small device as this one can be provided with
so many intricate details, but they will be recognized
by the trained eye of the expert, some of them seeming-
ly insignificant but still of considerable importance for
the perfect furctioning of the meter.

What we have said about the meter in fig. 13 is
also true for the one in fig. 14. This cne, however,
has been provided with a little arrangement which

permits of its being quickly and simply cleared and
restored to its O-position, a characteristic which —
under certain conditions — 1is of the utmost import-
ance. For instance, if a subscriber is entitled to a
certain number of calls during a given time period,
the work of supervision is made considerably simpler
if the mcter can be cleared after each reading. If

this were nct paossible it would be necessary to keep

Fig, 16,

a special record for each meter and, at each reading,
to deduct the figures obtained at the previous one, a
precedure in which unnecessary and anncying mis-
takes often occur.

In the foregoing we have stated that it is the meter
which is placed beside the telephone instrument which
gives the subscriber the greatest amount of satisfaction,
since it puts him in a position to see for himself how
large a number of the calls to which he is entitled
have been made or — if the conditions of the sub-
scription are such — the number of calls for which
he will be charged. A meter of this type does not
serve the telephone company as well, however. In
the first place, an employee must be sent out to read
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the meter. He makes out a bill for the number of
calls made, but it often happens that the subscriber
is unable to pay his bill just then, necessitating a
second visit on the part of the collector.

When all the meters are placed in the exchange, a
great saving of time is obtained in the reading of the

same; also, the telephone bills can be made out in
advance and sent to the subscribers with information
as to the date on which the collector will call. This
system is without doubt much more economical for
the telephone company as well as for the subscribers.

R 572 a
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Automatic Warning Signals at the Railway Crossing near the Hen-
riksdal station on the Stockholm—Saltsjon Railway.

ln an attempt to reduce operating expenses, the
Steckholm—Saltsjon Railway has decided to re-
place the guards at the grade crossings with an auto-
matic signalling system. The cost for protecting the
crossings with guards — at least two men being re-

R i Fig. 7.

quired per crossing and day — is relatively high on
account of the heavy traffic, trains being run at close
intervals during both day and night except during a
very few hours. A comparison between the operating
and amortization costs for an automatic signalling
system on the one side, and the cost of maintaining
crossing guards, on the other, proved the advantage
of adopting automatic signal protection. A grade
crossing just East of the tunnel near the Henriksdal
station has now been provided with automatic warning

signals. Since this crossing is quite close to the tunnel
entrance, thereby cutting off a clear view of the
crossing from the road, it is especially dangerous for
the heavy automobile traffic. On account of this the
requirements to be filled by the signalling system were

Fig. 3.

exceptionally strict and it was decided to use inter-
mittent flashing signals combined with warning bells.
The light signals — one on each side of the tracks —
show a white flashing light which changes to red on
the approach of a train, when vehicles and pedestrians
are not permitted to cross the tracks. The warning
bell is mounted on the same pole as the light signal.
One of the signal poles, bearing the crossed sign re-
quired by law, is shown in fig. 2.

»Signalbolaget> was entrusted with the work of
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Henriksdal

preparing estimates for the
plant, the project being
based on constant and un-
interrupted  track circuits
(S, and S in fig. 1). It
was necessary, however, to
take into consideration the
fact that the railway was
electrified, the traction cur-
rent having a tension of
1300 volts D. C. and the
rails serving as return con-
ductors. For this reason
single phase A. C. was
adopted as feed current for
the track circuits. Only
one of the rails has been
used for this purpose and
been divided into insulated
sections, one for each of the
track circuits S, S;; and
S 11y, the other rail having
been left unchanged to
serve as return for both
traction and signal current.

The crossing being situ-
ated so near to the station,
and since it was found de-
sirable that
signals should not be made
to function during normal
switching movements when
the train does not go up
to or pass over the crossing,
it was found
to make track section S; of
sufficient length for the
automatic switching on of
the warning signals within
the time prescribed by law
(at least thirty
before the train reaches the
cressing) to give warning

the warning

impossible

seconds

of the approach with nor-
mal speed of a train just
leaving the Henriksdal sta-
tion. This problem has
been solved by installing a
plunger key in the signal
cabin at Henriksdal, in
which the interlocking ma-

chine is housed, by means of which — with the aid of
a relay — the signal plant can be switched on for the
giving of a warning signal within the prescribed time
even though no train has entered on track section S,
In order to make it possible for the locomotive engin-
eer of such a train to verify that the warning signals
have been switched on at Henriksdal, a light signal
— T in fig. 1 — has been set up in the tunnel, the
lamps of this signal being connected in series with
the signal lamp at the crossing so as to show a white
flashing light when the warning signals show red,

and an orange flashing light when the warning signals
As soon as the train reaches the track
section S; the auxiliary relay co-operating with the
plunger key in the signal cabin is disconnected and

Thus, the
signals again show a white flashing light and the

show white.

the system functions quite automatically.

warning bells cease to ring as soon as the train leaves
When the train has
also left section S;; the entire system is restored to
If the engineer of a train leaving Henriks-
dal should observe an orange coloured light signal
at T, he must cut down the speed of the train to
25 km. per hour as soon as the train enters on track

track sections S; and S

normal.
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section S; and the warning signals are automatically
switched on in order that the length of the time which
elapses before the train reaches the crossing shall fill
the requirements of the law. When a train approaches
from the other direction the signal system functions
quite automatically, the warning signals being switched
on as soon as the train enters section S;; and switched
off when the train has
and 8.

In order to be able to verify at the Henriksdal
station that the warning signals at the railway crossing
are in good working order, the same board on which
the above-mentioned plunger key is mounted (see fig.

completely left sections S

3) has been provided with supervisory lamps in series
with both the white and red crossing signal lamps,
while in the office of the station master a lamp and a
buzzer have been mounted in series with the red sig-
nal lamps. Besides supervising the condition of the
signal plant at the crossing, the last mentioned lamp
together with the buzzer announce the approach of
trains from the East in a most satisfactory manner.
All the supervisory lamps are provided with a shunt
thereby
warning signals at the crossing being extinguished in

resistance, eliminating any danger of the

case a supervisory lamp is removed or has become

broken.

The relays for this plant are mounted in a cabinet
(fig. 4) which has been placed close to the railway
crossing. The track circuits S; and S;; — as already
— are fed by single phase alternating
current, the relays which serve this purpose and which
are mounted on top and to the left in the cabinet being
specially adapted therefore. The remaining ones are
all D.C. relays. The necessary A.C. is obtained

from the existing service net and is transformed down

mentioned

to a suitable voltage for the track circuits and signal
lamps. Direct current for the other relays and the
warning bells is obtained from a storage battery which
is under constant charging from the A.C. net by
means of a rectifier mounted in the middle of the
cabinet in fig. 4. This is a so called metallic rectifier,
ncted for its sturdy construction, absence of moving
parts and lamps, and for the fact that it requires no
attention whatever after once having been correctly
adjusted; also, it functions with such precision that
the well-known saying ‘install and forget' may well
be applied to the same.

This plant has been in service since the beginning
of 1928 and has given entire satisfaction with respect
to the manner in which it has functioned as well as
from an economical point of view.

NTERLOCKING
MACHINES

CONTENTS: Subtraction Meter with Load Balancing Switch. — On Junction Telephone Traffic Automatic to Auto-
matic, or Manual to Automatic. — On Forest Fires and Forest Fire Protection. — On Subscribers’ Meters. — Automatic
Warning Signals at the Railway Crossing near the Henriksdal Station on the Stockholm—Saltsjon Railway.
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The inauguration of the new telephone plant of Naples took place
on October 28th, 1028.
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Annunciator System for Hotels, Hospitals, Sanatorium and
Similar Establishments.

he demand on the part of hotel guests and of

patients in hospitals and sanatoriums for quiet,
restful surroundings is both reasonable and natural and
has made it desirable for establishments of this kind to
reduce all noises and disturbing sounds to a mini-
mum, although most of them are still equipped with
acoustic signals for the use of the guests and inmates
when any kind of personal service is required. If
the bell and buzzer signals of such a system are un-
pleasant and annoying during the day-time, how un-
bearable must they not be in the early morning, at
which time the services of the personel are most in
demand! Another reason for abandoning acoustic
signals in favour of optical ones is the superiority of
these latter with regard to the supervision of the per-
sonel. With modern installations of this kind it is
possible to obtain accurate records of the lime re-
quired to answer a signal call for service. Systems
of this type not only insure quiet and repose for the
guests and patients of an institution but also provide
means for a most efficient supervision of the service.
The use of optical annunciator systems is not, how-
ever, restricted to hotels, hospitals, sanatoriums and
the like but is equally suited for use on passenger
ships, in private residences, business houses etc.

The following details form a part of every optical
annunciator system.
1. Room push button set.
2. Cut-out switch.
3. Room lamps.
4. Pilot lamps.

5. Bath-room signal device.

6. »On duty» indicator lamps.

7.  Annunciator board with buzzer for the servants’
room.

8. Supervision board, near clerk’s desk or in office.

9. Night signal board.

10. Current feed arrangements.

Room push button sel.

Rocm push button sets are made for one, two or
three lamp signals of different colours, depending on
the size of the establishment. For small hotels, for
instance, where all the service is taken care of by a
chambermaid, only one button is required; for some-
what larger establishments two buttons are needed,
one for the chambermaid and one for the porter.
In very large hotels, a third button for the waiter or
waitress 1s required. In the two latter instances each
category of service has its own separate signal colour,
for instance red for the porter, white for the chamber-
maid and green for the waiter, the three push buttons
being made correspondingly red, white and green.
Each push button set is also provided with a jack
for receiving a buzzer which is inserted by the cham-
bermaid when her services are required in the room
for some length of time, this buzzer being actuated
when a signal is given from another room, thereby
notifying the chambermaid that her services are re-
quired elsewhere. Taking into consideration the more
or less international character of the guests, each
button is designated with a small plate engraved with
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Roera  Fig. 1. Hoom Push Bulton Set.

a figure representing the corresponding kind of ser-
The push button sets can be made either for
table use or for mounting on the wall, in which
latter case they may be placed directly against the
wall or else made to fit into a recess and covered with
a glass plate.

vice.

Cut-out swilch.

The cut-out switch is mounted just outside of the
room, on the wall of the ante-chamber or corridor.
This switch is provided with one, two or three push
buttons corresponding to those of the room set. Be-
low this switch the switching relays are mounted in
a box. When a push button in the room set is de-
pressed, the corresponding relay is actuated and puts
the corresponding room signal lamp in circuit. On
the arrival of the called servant, he or she pushes
the corresponding button of the cut-out switch, thereby
If he
so wishes, a hotel guest may push several buttons in
order to call several servants, thereby also causing
several room signal lamps to glow. In order to avoid
all confusion when disconnecting the signals, the cut-
out buttons are also made in red, white and green
and provided with engraved designation plates. The

extinguishing the glowing room signal lamp.

R 972 Fig. 2. Cut-oul Switeh.

cut-out switch with relay box is furnished for mount-
ing against the wall or, if preffered, for placing in a
recess, flush with the wall and with a glass cover
plate.

Room lamps.

One, two or three signal lamps of different colours,
corresponding to the one, two or three push button
sets, are mounted in the hall or corridor, above the

R 88 Fig. 3.

Boom Lamp.

These lamps are mounted on a
common base beard of wood behind an oval or round
cover of cut or frosted glass, held in a frame of

door of the room.
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brass. These covers may be made in any desirable
finish or design to suit the architecture or interior

decorations.

FPiiot lamps.

In buildings with long corridors or where these
form angles, it is not always possible to observe the
lamp of a room from which a signal has been given,
and in such a case it is most suitable to combine
the room lamps into groups, each group being pro-
vided with pilot lamps placed so as to be discernible
from as many directions as possible and repeated in
as many places as the layout of the building may
require. These pilot lamps also serve the purpose of
notifying any of the servants who may be in the
corridor that a service signal has been given. When
so desired, they can be executed in any suitable finish

others, this being accomplished by installing blue
bath-room lamps and blue pilot lamps. The sig-

R £67

Fig. 6. Bath-room Signal Device,

nalling device comsists of a pull contact mounted on
a porcelain base and actuated by means of a chain
with handle, This device is previded with a suitably
placed cut-out switch.

»On duty» indicator lamp.

In order to provide a better supervision of the ser-
vice, a special indicator lamp may be mounted in the

R 870 Fig. 5.

Pilot Lamps.

or design, either as drop lights or for mounting on
the wall.

Bath-room signal device.

A signal from a bath room can often mean an
accident or a case of illness, and the servants are
therefore required to answer such calls in preference
to all others. For this purpose it is necessary that
a bath-room signal be easily distinguished from the

roem Fig, 7. Anunciator Board with Buzzer for the
Servanls’ Room.

hall, beside the room door. If any of the servants
are on duty in the room, this fact is made known by
their introducing a plug in the jack of the room push
button set, thereby lighting the afore-mentioned »on
duty» lamp.

Anunciator board for servanls room.

The servants are apprized of the given signals by
means of an anunciator board mounted at some suit-
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able place in the servants’ room, this anunciator board
being provided with signal lamps wired in parallel
with the pilot lamps and equal in number to that
of the room lamp groups. On the giving of a signal
from a room, the corresponding signal lamp on the
anunciator board will glow simultaneously with the
room and pilot lamps. If there are separate rooms
for chambermaids, waiters and porters, each category
of servants must have its own anunciator board.
Small single-strocke bells or buzzers, which give a
continuous signal until the button of the cut-out switch
outside of the room of the guest in question is pushed,
are connected up in parallel with the lamps on the
anunciator board. These acoustic signals are used
only when really necessary — especially tor night ser-

vice — and are switched on by means of the lever

R 874 Fig. s.

Supervision Board.

switches shown in fig. 7. The signals are adjusted
so as to make the sound clearly audible within the
rocm without being heard outside of the same. If
desired, anunciator boards can be provided without
switches, the acoustic signals being permanently con-
nected in parallel with the lamp signals.

Supervision board.

In order to provide efficient supervision of the ser-
vice, the above anunciator boards are repeated at the
hotel clerk’s desk or other suitable place. By observ-
ing this board it is possible to check up on the time
which expires between the lighting and the extinguish-
ing of a signal lamp — 1. e. between the giving of a
signal and the moment when the called servant
arrives at the rcom from which the signal has been
given. If desired, this supervision may be combined

LM Gricsson

with a recording device by means of which the wait-
ing times of the guests are registered on a paper band.
If special supervision is desired, an acoustic signal
may be switched on in parallel with a lamp signal
by means of the switches shown in fig. 8.

Night signal board.

The above supervision boards can also be used as
night anunciator boards for establishments with a very
light night service which can easily be handled by
one man, for instance the night clerk or other spe-
cially appointed person.

Current feed arrangements.

The necessary current for an installation of this kind
may be obtained from the public service net.
the system works with a tension of only twenty-four
volts, however, suitable devices, such as transformers
or pendulum cr rotary rectifiers must be used. The
most suitable arrangement, however, is a couple of
storage batteries, one of which is held in reserve or
is being charged while the other is in use, thereby
eliminating all danger of depriving the signal plant
of current should trouble arise in the public service
net. The capacity of the storage batteries may be
figured so as to be sufficient for providing necessary
lighting current in case of emergency. Charging sets
of secme apprcved type are used for charging the
storage batteries.

Storage batteries, charging sets, instrument and
power distribution bsard etc. should be installed on
the ground floor.

Standards for electric light wiring shall be followed
when installing feed and distribution lines, due con-
sideration being taken to the tension required for the
relays.

Since

Functioning of an optical anunciator system.

The accompanying diagram represents an optical
anunciator system, the wiring for one floor only being
shown and the room lamps being divided into two
groups. FEach room is provided with a rcom lamp
in three colours, one push bution set and a cut-out
switch. Each group of room lamps has a three-coloured
pilot lamp. The chamber-maids’ room has an anun-
ciator board with two lamps and two buzzers, while
the waiter's and porter's rooms each have but one
buzzer. The hotel clerk is provided with a lamp signal

supervision board.
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This installation functions in the following manner.
A guest in one of the rooms of the left group de-
sires the services of a chambermaid and therefore
pushes the white button of the set RT I, thereby

When requesting estimates the following information
must be submitted.

I. Complete plans.

b adl | [ b 2. How many and which rooms on each floor are
cnergizing the micdic ¥ay ol e CUt:GUt WL to be provided with chambermaid, waiter or por-
AT1. This relay is actuated and closes its contacts, .5

. 5 < : , ter service:
the relay being provided with mechanical holding. 3 Th hall be d q he ol
The right hand contact cleses the circuit for the white : £ toom. grougs’ sall be'deoleq on the plans.
rocm lamp, the one te the left closes the circuit for the 4. Information as to the servants’ rooms and sleep-
white lamp in the pilot lamp Grl, while the middle Ing quarters.
contact puts the left lamp and left buzzer on the 5. Information as to whether or not the night clerk
chambermaid's anunciator TV, as well as the corres- is stationed at the clerk’s desk.
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R 9758 Fig. 9.
ponding lamp on the clerk’s supervision board, in 6. Is the night clerk required to provide the guests
circuit. If the chambermaid is in her room, she both with night service or are cther persons detailed
sees and hears that her services are wanted; if she for this purpose and if so which rooms do these
happens to be in the corridor, she is made aware of latter occupy?
t];le ?ISMI bl.{ cr]ne_ans of l?c }:nlot and room [;mpsl: if 7. Are the push button sets to be for wall or table
she 15 occupied in one o the guest rooms, she plugs use, or both, and in which rooms? This should
in her b.UZzer_m the jack on the ]:fush button set, Yo Snlicatedd on. the vl
after which this buzzer notifies her if any signal is ) )
given from anothier foom. When the chamberaid 8. Type of available current as well as tension of

has received her orders from the guest, she pushes
the button of the cut-out switch for this room, thus
causing the contact springs of the relay to be mechanic-
ally released and all of the lamps in circuit cease to
glow. The switching operations take place when a
service signal is given for a waiter or porter.

same must be given. Room or location where
storage balteries. machines. power board etc. ——
in other words, the power plant — may be placed

should be denoted on plan.

9. All the above information should be noted on
floor plans.
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Plan of the new General Motors Plant
at Hammarbyleden in Stockholm.

Fig. 1,
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Low Tension Installations in a Modern Industrial Plant.

By H. Josephsson.

G eneral Motors may well be classified among the
most successful industrial enterprises in the
world. In addition to its extensive plants in the
United States and Canada, this corporation has a
number of factories in Europe — in England, Bel-
gium, Germany and Denmark. To this chain has
now been added still another link — General Motors

Personal locating system;

Automatic fire alarm combined with sprinkler system.
A plan of the factory is shown in fig. 1. This is

a one-story building except for those portions in which

the various offices are located, the building here being

two stories high. The offices, cloak rocoms and lunch

room are on the second floor along the East and

new factory buildings on the Hammarby channel in
Stockholm.

One reason for the fenomenal success of the Ge-
neral Motors Corporation i1s without doubt its ex-
cellent organization. We are convinced that it will
interest our readers to get a little look »behind the
scenes» of the newest General Motors plant and see
how various commodities in our own special branch
have been made use of in the organizing of the same.

At the time of the opening of the new factory in
Stockholm during February last, the following installa-
tions by the Ericsson company were put in service:
Private Automatic Telephone Exchange.

Electric clock system with which are combined the
following installations:

Automatic time signals;

Employees time recording system.

.

South sides of the building.

apparatus for the above-mentioned installations is in-

The placing of the

dicated on the plan. With the exception of the fire
alarm board — which is located in the janitor’s room
at the southeast corner of the lower floor — the
switch-boards and control apparatus for all of these
systems have been placed in a room adjoining the
session room for the board of directors on the second
floor.

Fif. 2 shows how the various units have been
To the right is the OL 500 P. A. X.
Switchboard with two registers and a capacity of 80

erected.

local lines. Seventy-six of these were installed al-
ready on the opening of the plant.
Next to the telephone switchboard is the Master

Clock which directs the movement of a number of



Fig. 3,

Fig. 4.
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Fig. 5.

secondary clocks placed so that one of them is visible
from almost any spot in the shops or offices.

Fig. 3 i1s a partial view of one of the office rooms,
showing a clock finished so as to harmonize with the
interior finish of the room.

Figs. 4 and 5 are views from different parts of
the shop, showing a one and two faced clock respective-
ly. A program clock has also been provided to work
in conjunction with the master clock. This is shown
at the extreme left and is arranged so as to give auto-
matic signals at the opening and close of working
hours, before and after lunch etc., by means of power-
ful gongs and signal horns.

Further, this program clock controls the movements
of some ten time recorder clocks for registering the
times of arrival and departure of the employees. The
time recorders are of the full automatic type.

Just to the right of the program clock may be seen
the night watchman’s time recorder, which is con-
nected to the master clock. The stamping is directed
from thirty-five different contact boxes distributed
over the entire building. When the night watchman
inserts a master key In a contact box, a circuit is
closed through the time recorder so that this latter
stamps the time as well as the number of the contact
box on a band of paper with automatic feed. This
band can be torn off each day for inspection.

To the left of the master clock is an instrument
board for the charging of the storage batteries which
provide current for all of these systems. On this
board are also mounted voltmeters and ammeters as
well as the necessary protectors and fuses.

The battery room is shown in fig. 6.

The alarm board for the automatic fire alarm
system (fig. 7) is connected to four sprinkler valves,
one for each of four sections. As soon as a sprinkler
begins to function a relay in one of the above-men-
tioned sprirkler valves is energized, thereby lighting
an irdicator lamp on the alarm board and closing
an alarm bell circuit. The alarm board is connected
up with a city fire alarm box from which an alarm
1s simultaneousely sent in to the fire department. The
entire wiring system of the automatic fire alarm is
under ccrstant provided by a special
supervisory cortrol current, all faults in the system
being immediately and automatically signalled on the
alarm board. The locating system comprises a little
switchboard placed beside the manual P. B. X, tele-
phone switchboard for city service, and a number of
signal bells mounted throughout the building. (This
system uses the same wiring system as the night watch-
man'’s time recording system.)

supervision

When the telephone operator wishes to locate some
department head who does not happen to be in his
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Fig. 6.

private office, she sends out his individual signal by
closing the corresponding switch in the switchboard
and starting a clockwork which repeats the signal
eight times on all the signal bells.

In connection with the time recording system it

may be of interest to note how the employee’s
dressing rooms — grouped on the second floor, as
shown in fig. 1 — are arranged and from which

the employees make their way to the different de-
partments where the time recorders are punched. The
result of this arrangement is that the registered time
corresponds almost exactly with the net working time,
no time being included for the changing of clothing
or for walking from the dressing rooms to the place
of work,

The above-described installations as well as the
entire plant may be regarded as exemplary in more
Also, it has been planned and or-
ganized by General Motors’ own American experts,

ways than one.
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Flectrical Clocks
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An efficient organization

of public or private commercial and manufacturing institutions of all kinds requires

Time Recorder Systems

Private Automatic Telephone Exchanges
Conference Phones

Electric Light Signal Systems
Automatic Fire Alarm

Information and Prices on Application to

TELEFONAKTIEBOLAGET L. M.

STOCKHOLM, SWEDEN

or any of their representations over the whol world.
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R 983 Fig. 7.

who naturally possess a very wide experience on this
subject. So much the more gratifying is it to ascertain
that, in the planning of the various installations here
described the choice has fallen on Swedish systems
and material of Swedish manufacture, their super-
lority over similar systems of other makes having pre-
viously been established by thorough and impartial
investigations.

ERICSSON

i
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On Cross-Talk and other Problems of a Kindred Nature.

By Torben Laurent.

1. Introduction.

he difficulty of finding an absolutely satisfactory

definition for cross-talk 1s due to the necessity
of compromising between the two following points
of view.

On the one hand, there is a desire to obtain as
correct a conception as possible of the magnitude of
the disturbances caused by cross-talk, for which pur-
pose all the secondary factors, such as transmission
levels, the characteristic line impedances, the sensitive-
ness of the ear for disturbances caused by cross-talk
etc., must be taken into consideration. On the other
hand, it is of interest to judge the quality of the lines
with reference to cross-talk, and for this purpose it is
necessary to have a definition for cross-talk based as
much as possible on those primary factors, such as
unbalance and the like, which one endeavours to re-
duce as much as possible.

Other desirable features are that it shall be possible
to easily measure the cross-talk and to treat it mathe-
matically in a clear and simple manner and on as
general a theory as possible.

The simplest solution to this problem is, in all
probability, to use two different definitions for cross-
talk, the one for judging the character of the disturb-
ances and the other for judging the quality of the lines,
thus making it possible to satisfy each condition se-
parately.

The paper here presented constitutes an attempt to
give a mathematical treatise on cross-talk — considered
as a form of impedance termed “mutual impedance”
— chiefly for the purpose of judging the quality of
the lines, and is part of a treatise written by the
author and published in “Elektrischen Nachrichten
Techmk” for 1928. The theories of the homogenity
of lines has also been published in “Tekniska Medde-
landen frin Kungl. Telegrafstyrelsen” (Technical In-
formation from the Royal Telegraph Administration)
for 1924. Compare “Allminna egenskaper hos ett
system parallella ledningar med variabla konstanter”
(General properties of a system of parallel lines with

variable contants) by H. Pleijel (1917) and “Uber
das Nebensprechen in mehrfachen Fernsprechkabeln
und seine Verminderungen” (1923) and “Uber neure
Fehlermessverfahren an  pupinisierten  Leitungen”
(1922) by K. Kiipfmiiller.

The mathematical operations which occur in the
above-mentioned treaties are made according to the
symbolical method.

I1. Definition for currents and lensions in the three
telephone circuits of a twisted four-wire line.

The tensions and currents occuring in side cir-
cuits / and /I and the phantom circuit are designated

with V5, Vi, V4 and Ji, Ju and Ju respectively.
If Vi, V::u Vl-h Vi Vaso Vs and ju f:- ]u and .,4.

Side Circuit |

Phantemn Circuil d

Side Circuit It

Fig. 1.

represent the tensions and currents in a cross-section
of the twisted four-wire line taken at the line terminals
of one set of phantom transformers, as shown in fig. 1,
we clearly obtain the following relations for a line
free from cross-talk,
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Vi=Va= Vn - VE{: Vis — Vs
Vf.f= Vs; = V]s_ Vu = st = VN

V.} = ‘;'(Vw + Vn):%(l/u + V?S)
i+ =],

I (1)
Ji “'2‘".’d’=]-z

Ju + ; Ja=1;

Jir— %']d = /i

We will take equations (1) as definition for ten-
sions and currents in the three telephone circuits in an
arbitrary cross-section of the twisted line. It is true
that equations (1) do not apply to lines with cross-
talk, but the deviation in current may be considered as
cross-talk current from another line.

111. The law of reciprocity.

In an arbitrary line system A (see fig. 2), for
which linear relations between currents and tensions

z Z
-O
5 4 A 2
-O O
7z el
-O O
1 A 2
O &g
Fig. 2,

can be assumed, we have lines | and 2. If an elec-
tromotive force e, is admitted to line 1, we obtain

in line 2 a current /. according to the relation
r

=

On the other hand, if we admit an electromotive
force e.” to line 2, we obtain in line | a current J,
according to the relation

L= k

21

k.. and k., are constants, and according to the law
of reciprocity

kl‘.! (= k?l-

We will now consider a line system to which three
electromotive forces have been admitted (see fig. 3).
In lines 1, 2 and 3 we have the electromotive forces

X, X, Xz

AAAAA
YYVVY

2 re. 7)Y 3 Ae,

(!)O O O

B\

Fig. 3.
e, e, and e., currents [,", J." and J,” external impe-
dances x,’, x.” and x.’, and, finally the internal impe-
dances v,’, v.” and v, respectively.
According to the law of reciprocity and the prin-
ciple of superpesition we obtain

) r ]
' €y €y €3
i e i oy i e
]l JflI + y; ks Ifls
r I )
' €3 € €3
2 = — T e i a
) xs' + ys' ki ks ()
) I r
€y ey €y
J=- S
Pty ki ks

The mutual influence between the lines can also
be represented by the E. M. F:s E/, E.” and E.’,
so that

] !
e, + E
]lr = 1r 11
x +u
r ]
€ + E
.,2’ = 'xqr + y:r (b)
i ".1' + En’
AR R
x3 + ys
giving
e e E'
kie ki x1; + Ll'lr
elr e E,
S 1 o = c
ki kes' .+ oy (©)
' ' '
e € 3
o LI e O ../
ki ks' x4+ gy

— 130 —



If we solve equations (c) with respect to e, e,
and e;” we obtain

Zel =_EI __k'l?kllﬂ +Er rk‘[g__}
: = (x1’+yl)fm d X3 + U,
i ki
i Es xa' + y:iF
| "(‘13’?93___ + Er kw

: (x2;+y2r)&13 : x + .U;{ (d)

" k‘.’:‘
* & x' + ys'
EI, = _Ii!s' 9
Xy + m

r k?ﬂ
t E2 x' + !)'*1I

29-2'=_E

= _ E.! k?.3é?3__
2 e ES (xs"l'ys')km

Inserting these values for ¢,’, e.” and e,” in equations
(a) we obtain the following expressions

L =nE'+ N1z Ey + N1y Ey ]
L =7 E + 9, E' + ny Es l (e)
L' =7 E' + qs B + ns EY

If we use equations (e) to compute E,’, E. and
E,” expressed in terms of /,", J.” and /. we obtain
expressions of the following form

_EU = 21'.’1' 7t Mls j__)r + Ml3 .’:;J I
_E:»F:za' L'+ M ] + My, L (£
= Ear = 7—3: j:j; 2 Mw jlr : M23 jzr l
By inserting the tensions at the net terminals
V1; = ELF — ]1’ xl; I
Vi=e'—Ji'x' l (2)

Vi =e'— X'
we finally obtain from equations (b), (f) and (g)
the following equations
Vi = (bw/'+z Y +M, '+ 1”1:;.]3F l
Vg' = (yg; + 32:) jer + M12 ]1r + M23 j';’ l (2)
Vi = (y5' + zar) I+ My I + My, '

which are of fundamental importance for the fo'low-
ing mathematical deductions,

The intimated derivation of equations (2) which
has here been given should be sufficient, as the follow-
ing will provide us with ample proof of their accuracy.

1V. Line impedance and mutual impedance.

We will assume that no E. M. F:s are inserted in
the conductors on one side of an arbitrary cross-section
through a twisted line. We will call this side the
“impedance side”. According to equations (2) we
then obtain

Vi=wi i + MiuJu+ Mia Ja
Vi=ynJu+ MinJt + MyaJa ] (3)
Vi=yala+ Mia Ji + Mua Ju

where the coefficients for the currents have reference
to the impedance side, y;, yn and yus representing
the impedances of the three circuits measured from
the cross-section towards the impedance side in such
manner that while one circuit is being measured the
two others are open at the cross-section. The im-
pedances are termed “line impedances”. M, M4
and Mpg also have the dimensions of impedances
and represent the relation between the apparent elec-
tromotive force in one circuit and the current in an-
other, the third circuit being open at the cross-
section. Apparently, this same relation exists between
the apparent electromotive force in the second circuit
and the current in the first one. Miy, M1y and
Mira are values of the cross-talk between the side
circuit / and the phantom circuit and side circuit [
and the phantom circuit respectively. These coeffi-
cierts will be termed “mutual impedance”.

V. Unbalance of lines.

The impedance side of a cross-section can be re-
placed by an impedance cross with mutual impedances
between the arms as shown in the first section in
fig. 4. The voltage between the conductors will then
be

Vi =hu+ ]2M1? + M — jsMu
+ Ly + My + [\ My, — Js Moy
Vs = f|y4 + s My + s M, —flMu
+ sys + JiMs, + i My — J: Mg
Vis=luy + LM + sMys — My,
+ Jiys + iMyy + | My — [, Mg
— Vo= Ly + iMys + [\ My, — J; Mo,
+ Ly + My + .M, — My,

According to equations (1)
Vie= Vi
Vae="Vu
1/-: (Vls + V2l) = Vd
L=+ (b)
L=]l—": ]
Lh=Jut+s]a
Jo=Ji— Ja

and if we insert these expressions in the equations (a)
we obtain the expressions

. (a)
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VI = ]f (91 + y + ZML‘E)
+ ]H(Mls + M?l _MH_MH)

+]d' l/e(y: — Y +M13 + Mu _Mes’“Mu)
Vi= ]H(ya + y; + 2 Ms;)
+ .’a‘(Mw + M?;"‘“Mu == Mzs)
+]J 1-"’2 (ya — 4+ Mls + M23_MH_M24)
|
Vi=Jigly+ v+ ys + v
+2(M,; + My + Moz + My, — M, — M,,)]
|
+ 2']I (y:_'yz‘i'Mls""Mu_'Mzs"'M?;)

|
+ 2 Ju (ya =yt Mls 23 Mws - MI-Z_ME{)

Second Cross-Section

. (o)

After inserting the values

1=y +y +2M,;,
xi1=ys + y, + 2 My,
xa=s(yy + yo + ys + y,)
+ 1.'fz (MlS o Mu + Mzs o MQI'—'MI? "'Msﬂ

mjn = Mls + Ms; —Mu_Mea
|
mid = 2'(!)‘1_92"'M13+M1{_'M23_'M2-I)

]
mird = j(ya — Yy + M13 + Mes = Mu "Mu)

. (d)

the equations (c¢) become as follows

Vi=xxJi + minJu+ miala
Vi=xiJu+ minJt + muala l (e)
Vi=1xaJa+ mua Ji + mualu

which conform with equations (3).

Considering a new cross-section of the twisted four-
wire line, located at a short distance from the former
cress-section, and assuming that portion of the twisted
line between the cross-sections to be free from leak
impedances, increases in the arms of the impedance
cross are clearly obtained, as shown in fig. 4. These
increases consist of line resistance and self inductance
in the single conductors.

If the increases in impedance are designated as in
fig. 4, we then obtain for the latter cross-section

yr = x1 + (Jﬂh +dy, + ZJMU)
yn=xg+ (Jys + oy, + 20 M)

|
Yi=xa+ Dy, + dys + dyy + dyy)

+ ‘%‘"(JMIS + (jMH = JM?S + JM?']'

__JMIE—dME-i) ; (f)
Min=min+ (M3 + My, — I M, — I M,;)

Mia =ma+ é (Jy, + dya+d My + M,y
—dM,; —dM,)

Mua= mpa + ]2 (dys —dys + I M,
+ oM,y — M, —M,)

We will adopt the following terms and expressions
for the increases:

Increase in “line impedance”,
Si=dys +dy, +2d M,

|
Si=—4 @y + 0y + Iy + dy) . (@)

3 (0 My + 0 My + 0 Myg + I M,
_JMlﬁ _JMSJK) J

Increase in the “unbalance of the line”,
Tin=dMys + My, — oM, — d M,y
Tii= %(r?yl —dy, + My + IM,,
— My —oM,y) ;. (5)
Tia= %(Jy;., —dy, + M+ I My,
— oMy —IM,,)

— 132 —



This makes equations (f) as follows

yr =x1 + 5
yn = xu + Sn
Ya =x4 + Sa

6
Migr =min+ Tru ©)

Mia =mpqg + Tra
Muyas=mua+ Tua

which show how the impedances x change into v and
the mutual impedances m change into M on account of
the increases S and 7" in line impedance and line un-
balance respectively.

From equations (5) we obtain the familiar con-
dition that cross-talk between the side and phantom
circuits is due to the difference between the resistance
and self inductance in the line branches, which is not
the case with cross-talk between the two side circuits.

V1. Unbalance of leakance.

Each conductor in a twisted four-wire line has a
certain capacity as well as leakance to the other con-
ductors and to earth. The capacities and leakances to
earth, which are represented by an impedance cross as in

Fig. 5.

fig. 5 with the impedances Z,, Z., Z, and Z,, are
equivalent to an impedance diagram with the impe-
dances W,, W., W., W, W, and W as shown in
fig. 5.

K. Kiipfmiiller has derived the relations

W,=1277;¢g
W,=72Zg
W;=12,7:g
Wl = Zgz.lg
W,=12172:g ] @)
We=Z7.7,g
1 1 | 1
=t ntn

Consequently, we may always consider capacities
and leakances as being merely capacities and leak-
For the rest we will
ignore earth as well as other neighbouring conductors.

The following relations apply in the cross-section
of a twisted line

ances between the conductors.

Vi=irxr + iumin + igma
Vii=iuxu+ irmpy + igmuqg l (b)
Vi=iaxa+ it mpa + inmia

In this section we will introduce leakances between
the conductors as shown in fig. 6 with the complex

e 3 2

Te

Fig. 6,

Values A]g, A};n Al-h A:_".. Am and A;” for tl‘le con-

ductance, According to equations (1) the voltages
between the conductors are

Vis= Vi

Vi, = Vu

V= Vit ; Vi + Vi)
(c)

Vi = Vie 3 Vit Vi)

Vie=Va+ ; Vi— V)

V-33 = Vd'_ ; (Vf_' VH)

from which follows that the leakance currents are

iy = Ay Ve isy = As Vi
irg = Ais Vl:; iy = An Vu . (d)
iy = Azs V:f:i iy = A-JIV-J-:

If we designate the portions of these currents be-
longing to the side circuits / and /I and the phantom
circuit with J/, Ju' and Ji respectively, we then
obtain from equations (1)
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|
j.f’+ 2 ]JI: i12+i|3+fl4

! I ! - . .
ff - 2' ]d = a7 lag — Iy
: (©)
_[H‘I + 2'}.{. _— il?i + fg;& + i:ii
|
.’Hr“ - 2 ]drz — iy g T iy
which may be transposed to
¢ =3 1. . : y
]f =i + 2 fllri + iy — iy — '24)]
[ ®

Jil =iz + 2 (iys + ias — fu_f-u)J‘

Ji =iy + iy + iy + iy
If the expressions (c) for the voltages V.., V.,
etc. are inserted in equations (d) and the expressions
thus obtained for the currents i., i,; etc. are then
inserted in equations (f) we obtain the equations

Ji' = l 4A,+ A+ A+ A+ A:) Vi
4 l U Aigdds,~ A~ Vi
$3 (At A= A= A) Vs

Jil = § (4 As+ Aug+ At At Ay) Vi
+ ; ( A+ Ay —Ay—A) Vi -+ (8)

i ; ( A13+A?:i_'Al-l._A?-i) Va
jd'r = A+ A+ A+ As) Va
e 3 :]Z ( A+ Ay —Ayu—As) Vi

+ ;( Am + A-z.'; —Au_An) VH

We will now introduce the following terms and
expressions,

Increase in “complex leakance”

A Z'L (41412 + A13 + Au g Ass + Aii)]

|
Af.l'=l (4‘431 + AlS + Al-i -+ A23 L A;!;) (* (7)
Ai= ( Ay + Ay + Ass + A, J

Increase in “unbalance of leakance”

1
BI il = 3 (Al:; =+ Aﬂ = Au = A?B)

Bia = %(Al:i + Ay — A — A4.) |- ®)

|
Buu‘ = Z(Al:j + Asa . Au _“Azi)

Equations (g) may then be written as follows

IH'=A4Vi+BuVu+Bia Vi
W =AuVu+ Bin Vi +BuaVag.  (h)
Joi' = AaVa+ Bia Vi +BuaVu

These leakance give us a new impedance side with
the currents

=i+ ] ]
Ju=iu+ Ju ’ @)
Ji=ia+ Jd l

If we eliminate /;', Ju' and Ja' between equations
(h) and (i), the following expressions are obtained,

i=h—AiVi—BiuVu—Bi1a Vi
in=Ju— AuVu—BiuVi—BuaVa {3 ()
itg=Ji—AiVi—Bia Vi— BuaVu

and if we insert these values for the currents iy, in
and iz in equations (b) we obtain

xi Ji +mg Ju + miafa
=k Vi+ katVu+ ka1 Va

xpJu+ minJi + muala . (k)
=kuVu+kinVi + kauVa

xiJi+miaJi + muafu
=kiVa+ kia Vi + kuaVu

where

ki =1 +xtAr +miuBiu+maBia
ki =1 + xyAu+ miuBin + muaBia
ki =1+ x4As+ mia Bra + muaBua
kin=xuBin+ min Ai + mua Bia

kiri=xi B+ miuAir + mra Bua - ()
kra=xaBira + mia At + miraBru
bhit=xiBia + mia As + mi B a
kira= xa Bira+ muaAir + mra Bro
kir= xuBira+ muaAs + mr i Bra

From equation group (k) we can figure the voltages
Vi, Vi and Vy
and Jg.

If we adopt the following designations

expressed in the currents Ji, Ju

P, =ki ki —kinkna
P, =ki ki —kar kia
P, =kir ki —kuitkin

R, =kuakin—"Fkiuiks
R/'="kiuakiu—hkir kn 1 (m)
R, =kia kaiuu—hiunks
Ry =kar kruu— kauk:
R, =kinkuna—kia ku
R'=Fkiuikia —kunak
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then

v, = j} _x.f_Pl _j{_'_m,rﬁ R_l =+ mid RI'
ki Py + kin Ry + kia R/
min Py + xR+ muaR,/
ki P+ kiu Ry + kia R/
mia P, + mpua Ry + x4 R{
ki Py + kin Ry + kia R

xuu Py + min Ry + muaR,'
kit Ps + kit Ry + kuaRy
miuP, + x1 Ry + mia Ry’
kit Py + kit Ry + kiaRy |
miaPy + mia Ry + xa Ry
kit Py + kui Ry + kuaRy
xa Py +mia Ry + muaR
ki P; + kit Ry + kanR)/
mia Py + xi Ry + min Ry
ki P; + kit Ry + kauR)
mupa Py + min Ry + xn R
ki P;+ kar Ry + kan R/

+ Ju

+ Ja

Vie= Ju

+ Ji (n)

+ Ja

Vi =Ja

+ Jr

+ Ju

and in equations (n) we have the desired equations
for the new cross-section (i. e. the original cross-
section with equations (b) plus the leakances).
These equations are, however, altogether too awkward
for all practical purposes, and we will therefore make
a few approximations.

We will assume that the mutual impedances can
be ignored as compared with the line impedance, this
being possible for all cases occuring in actual practice,
as will be shown in the following. This assumption
means that m may be ignored as compared with x,
and B may be ignored as compared with 4, on con-
dition, however, that 4 is not so small as to be neglig-
ible (see equations (b) and (h)). Equations (1)

may therefore be written as follows,

ki=14+x A
k= 1+ xu An
ki= 1+ x4 As

(o)

and

kit = xi By + min Ay
kia = xq Bra + mra A;
kit = x1 Brg + mra Aa
kira = x4 Bya + mua An
ki n= xu Bua + mna Aq

kin = xu Bin + min A l
|
|

. (p)

Further, k. ky and ks are plainly of a higher
order than ki, kur, kid, kan kiua and kam, giving

P, = kikn= (1 +di.;)(| + xip Air)
P, =kskr = (1 + xs 43) () +xu41)l (a)
P, = kukr = (1 + xuAu) (1 + x1 Ar)

and
R, = —kur ks
= — (1 + xaAs) (xt Brn + miu An)
R/= —kar kn
=—( +xuAn)(xt Bia + mra Aa)
Ry = —kinr ks
= — (1 + xiAs)(xuBru + min Ar) ®
R,/)= —kank: # M
=— (1 + x1 A1) xuBura + mua As)
R, = —kia ku
=—( 4 xnAu) (xa Bra + mia A1)
R/'= —kunik:
= — (| + xr A1 ) (xa Bua + mua An)

It is obvious that P;, P, and P, are of a higher
order than R, R/, R., R., R; and R,’, and for
this reason — according to equations (o) and (q) —
all of the numerators in equations (n) may be writ-
ten

= 4+ xA)( + xudy) (1 + x4 Aa) (s)

and the denominators

xt P, + mip Ry + mia R/

=xr (| + xudu) (1 + x4 Ag)
xut Py + min Ry + mua Ry

=xu(l + xr A1) (1 + x4 Az)
xa Py + mia Ry + mna Ry

=xq4 (I +x1 A1) (1 + xu Au)

min Py + xuR, + mua R/
=mnu Py, + x1 Ry + mia R, . ()
= (1 + x4 Aa) (miyy — x1xuBi1)

mig P, + mua Ry + xa R/
=mrg P, + x1 Ry + min Ry
= (1 + xuAu) (mra — x1xa Bra)

mid Py + mia Ry, + xa R,
=mua Ps + min Ry, + xu R,/
= (1 + x1Ar) (mua — xuxa B a)

Using the expressions (s) and (t), equations (n)
finally assume the form

Vi=TJryr + JuMiu + JaM;a
Vii= Juyr+ i Mig + JaMyy l ()
Vi=Jiya+ Jt Mia + JuMua

where
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RO
L m—
S )
L | + xnAu
— xd
Y= | + xqg Ay
and
Mygp T — xrxuBin
T+ x1Ar) (1 + xu Au)
i mida — x1xd Bra o
e (1 +xA1) (| +x3A4q) 1 L
My, — ™1 d— xuxd Bira
(I + xuAn) (I + x4 Aa)

In analogy with equations (6), equations (9) and
(10) show how the impedances x are changed into y
and the mutual impedances m are changed into M on
account of the increases 4 and B in complex leakance
and of the unbalance of leakance respectively.

As will be noticed, equations (9) are simply the
expressions for parallel connections.

VII.

Influence of a homogeneous and cross-talk free
line before the point of unbalance.

We will assume the twisted line to be homogeneous
and free from cross-talk between two cross-sections.
The equations

Vi =idrxr + igmin + iamrg
Vir=inxy+ ir mry + ia mh’dl (a)
Vi = igxa + ir mra + inmird

are applicable to one of these sections and equations

Vi="Tryr+ JuMin + Ja M1
Vie= Jnyu+ Ji Miuy + JaMua |- (b)
Va=Jaya+ Ji Mra + JuMua l

to the other.

Further, we will assume that this homogeneous
portion without cross-talk forms a part of the impe-
dance side of the latter cross-section and is therefore
not to be found in the impedance side of the first-
mentioned section. As we already know, the rela-
tions between the voltages and currents at the ends
of a homogeneous line free from cross-talk are

. 1
V= ]Zcoth;’s—-izsinh:;,; \

. (c)
—iZcothys ]

sinh 7 s

and we can therefore write

Vi=T Ii'—itA'
vi =T Ai'—itr I/
Vie=Ju Iun'— in Au'
vir = JuAu'— in In'
Va=Js Ii' —ia Ad
va = JaAd —ia I

(d)

where I and 4 are Z coth y s and Z sinh ys respect-
ively. If we eliminate the voltages between the equa-
tion groups (a), (b) and (d) we obtain

Jryr + JuM u+JaMia=Jir It —ir A
Juyu+ Jt Min + JaMua= Julu' — in A ] (e)
Jaya+ JiMia + JuMpa= Jals'—isAd'

3 . - . [§
ir xi + igmip+ igmd = J1 A —ir I
. . y T P
irxp+ it mig+ ia mpa=JuAn' — in Iu l )
igxa+ ir mpa + i mupa=JaAd —isg ld'

From equations (f) we may now figure the cur-
rents ir, iy and iz expressed in terms of Ji, Ju and
Ja- As a result of this operation we obtain

ir =JuAu' kur+ JaAd kar—Jir Ar' ki ]
in=Ji1 A" kin + JaAa kan— JuAu'ku l. (2)
ia=Ji A" kia + JuAn' kna—JaAd' ka

whe re

kri=kur= S[(xa+ 1Li") min— mig mud

kra = kar= S[(xu + In') mia — minmud

brua=kan= S[(xr +Ii') mya— mrumial
br = S[(xn + In') (xa + Ii") — mird]
bu=S[(xt + It') (xa + 1') — miJ]

ke = S[(xu+ In') (xt + Ii")— miu] - ()
.IS' = (xr+ I') mir + (e + In') mia

+ (xa + Ii'Ymia— 2 mr i mpampa—
— o+ I") (xu + I'nn) (xa + 1) )

If we then insert these values for i, iy and is in
equations (e) we obtain

Jryr + JuMig + JaMia=Ji (Ii' + A" ki) l
.- (D)

— JuAi' Au" ki — Ja Ar' Ad' kia
Juyr+ Ji Mig + Ja Mua= Ju(lu' + Au'*kn)
J1 At A’ ki — Ja Au' Aa' kua
Jaya +Ji Mia + JuMna= Ja(Ii' + Ad"" ka)
— Ji A" Ad' kra — JuAn' Ad' kna
from which we find that
g=I"+ A"k
yn=1In"+ A"k
ya=1+ A ka
Min=—Al" Au' kru
Mia=—A1"Ad kia
Mui=— A Ad' kna

(§)
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Even these equations become rather complicated,
for which reason we will again make certain ap-
proximations, i. e. that the mutual impedances may
be ignored as compared with the line impedances.

Consequently, the equation group (h) may be writ-
ten as follows,

k= S(xa + 14') mpp
kia= S(Gn+ ') mpa
kia= S(xi + It') mpa

ki =S(u+ In') (xa + 1)) k)
kr = S(xr + I'1)(xa + L) ’

ka =S0xu+ 1'n)(xr + 1)

LS = —(x; + I} JI) (I,I'f 4 IHr) (Id'+ [ir)

Inserting these expressions in the equations (j), we
obtain

g =N"—A"_ -:-_If’
yn=In'— Au"™ E-: In'
yd:‘r“"—Adrgx‘f -:-Lr" . (D
Min= A" A g ;n(;f:; iy )
M= Ar" AJ i+ ,r,’;n(r,:,; +1.)
Mua= An' A/ (xur +I;;n;f;:d +14))

Instead of the I and 4 impedances we will in-
troduce the characteristic line impedances and the pro-
pagation constant, designating the former with
Zi, Zy and Z; and the latter withy s, 7 sn and
7 sa for the side circuits [ and I/ and the phantom
circuit respectively.

According to equations

I=Z7 tgh ys and A =7 l

xrr+ Zy - e—2yu
Z”x” Z” :
xii+Zn e—273y;
xu—2Zn
xa+Za - E=2
e g % Z e
xd +ZJ___ e — 2}’3‘;
xa—2Za
4Z; Zy I
M 0= xr +_ZJ 2y jlru‘f'ZH —2; |
—e—2yy e—273;
x1—2Z xu—2Zn
mipe— syt 73 . (m)
" —2Z1) (xu—Zn)
- 4Z! Zy .
M”_I;} +Z xi+Za .., ]
—-—e—2/3 e—2ry
[xr— 1 [Id—zd
mige _.} o+ ¥ s4)
" —2Z1) (xa—Za)
M 4fozd_ S
= xn-i-Zn _ IIXJ_+ZJ _e__z},’d]
IH_ ” XJ—ZJ
mpge—sy+ 73y
" (xn— Zn) (xa — Za)

1f we introduce hyperbolic functions and the de-
signations

v Zr 4 ar
PR O o
e2(p; Sy —
; . Z
e 2oy +igp =1t XIH (1)
Zu—xn
_ Zp+ xn
e2lpgt+iqy)
4 "~ Za—xu
equations (m) will appear as follows,
=Zitgh(ysi +pr +1igqr)
yur=Zutgh(ysn+ pu+ iqu)
= Zatgh(yss + pa +iqa)
and » (12)
Min=mrnnine— s+ 73
Mia=mranra e=7sp +734)
Mua=muagmae— syt 7 35)
where

: X | 4
g = @ + =) Zot ) [T+ tgh(ysr + pr +iqg)][1 + tgh (ysu+ pu+ iq1)]

sinh 75
we then obtain the equation group
xi’j_zf + e_zjt"f |
=7 xr— 2 -
yl fxf"'-zf__e_z},s (m)
x1— 21 !
-ZfZH
Z1Z4
T (Zr + x1) (Za + xa)
ZuZi

W=7 + xtl) (Za + x4)

[l + tgh(ysr + pr + iq)][1 + tgh (754 + pa + 14q4)] l.(|3)

[+ tgh(ysu+ pn+ ign)] [| + tgh(ysa + pa + iqu)]
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For large values of
(yst + pr+iqi),
(y su + pu+ iqu) and
(7 54 + pa + 1qa)
nrm wrda and g, the so-called “reflex coeffi-
cients” become.
|

L M Cricsson

T) e =7t 7oy yyn— xexyu B, |

for the forming — at each point of unbalance — of

reflexes, represented by the reflex coefficients nu and

Nut, Mot and et Ny and ygr . ... etc.
According to equations (6), (10) and (12), and

after the summation of n unbalances, the mutual im-

pedance is

;Mm _ [(mu.r +
_ 2z 2Zi
L e T
__ 22 227
W =TT xt Zi+xa (14)
272y 272
N d= -

Z;:-+ xu. WZd + xq

If Zi=x, Zu=xn and Z; = x4, then yin =

(15)

Nra=nua = 1.
VIII. Summation of elements of unbalances in a
longer stretch of line.

From the foregoing we find that with the intro-
duction of the quantities for unbalance of line and
unbalance of leakance the mathematical treatment is
the same for all three telephone circuits in a twisted
four-wire line.

Further, the adopted approximations have shown us
that the mutual influence between two circuits is in-
dependent of the third circuit and therefore also of
other neighbouring circuits such as earth, for instance.

Consequently, it is quite sufficient to investigate the
mutual influence between any two circuits.

Let us assume two circuits between which exist the
consecutive unbalances T, T., T, etc. and
between these the unbalances of leakance B., B,, B,
Between two proximate unbalances we
will assume that there are small homogeneous lengths
of line free from cross-talk with the sum of the pro-
pagation constant for both lengths of line, (y s + 751,
s+ ysmen (vst+ ysu); etc. At each
unbalance of leakance, we will assume that the cir-

etc.

cuits have the impedances x,; and x,i, x;; and x,z,
xsr and  xgn etc. (towards the impedance

side), also assuming that there have been formed

complex leakances 4.; and A.n, Ay and Ay, Agr
and Agn etc.

Lastly, we will assume that unlike characteristic
impedances of the various line sections are responsible

(1 + xo1Asr) (1 + xo1 Asrr)

— (1
e~ Vot V. Yol 211
— (arg, L A}
= Ts] g N Vs . 1?3!1,‘,3”+ ... ete.

which expression can also be written

[J ! I
e [(mm + T\) — xxn By ;] +
(I +xrAe) | + xsudem) * "2 """
where
! % - A
=T, (?hflha‘f’]ﬂ Nalle o« e Nn I Un n) - e— s+ sy
1
1 "(
B, = B, (?j-zf ol Mg Mglle v« « Win I Wn n)e—2sp+ sy
! i
T/ =T, (psrngunarnan. . . Nl Mo 1) - €= 7stysy)
3
CIEE MRS S R R S ... etc.

In case the lines are perfectly homogeneous and
provided with end impedances equal to the character-
istic impedances Z of the line, all values of "=1,
all values of 4 =0, all values of x;= Z; and all

values of xy= Z;. Equations (15) may then be

written
Miypy=mid' + T+ T, +.... T/,
— ZiZu(B, + B, + ....B.),
wo n
TII = T]_ 8-2:;"’1 ¥ SHJ
1
L ’ 5
Tgf = TJ e~ 2t vy
3
n
?-‘r;——]_‘I = Tn_]_ e_.\-."(J’S; + ?’3;;)
n—1
and (17)
n
By =Bye =X+ vy
2
n
By = B; e—2 f?’-‘; + ?’-SH)
4
Bn; = Bne = (}" s!—i- v SH.\-H

Apparently, equations (16) hold good for any
arbitrary line, since, by reducing certain sections of
line and certain unbalances etc. to 0, we can obtain
any imaginable combinations of unhomogenity and
unbalance.
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The reflex coefficients fah Gt Yok TGall-.. . etc.

are calculated with the aid of equations (13),
(14), or (15).
The calculation of the impedances x17, xs1 x5

Xy 01 etc. is treated more thoroughly in chap-

ters XII, XIII and XIV.

IX. Calculation of the attenuation of cross-talk cur-
rents from the line impedances and mutual im-
pedances.

Let us assume that we have summated the un-
balances up to that end of the twisted wire from which
the cross-talk attenuations are to be determined. The
equations for the cross-section at this end

=Jryr + JuMing+ Ja Mra
Vii=Juyn+ Ji Miu + Ja Mira
Vi=Jaya+ JiMia+ JuMua

are therefore known.

(a)

In this cross-scction we have line terminals for
two phantom transformers whose internal impedances
are R, Ry and Ry and to the windings of which
are linked the E. M. F:s E;, Ey and Ej; for side
circuits / and /I and the phantom circuit respectively.
The tensior.s may then be expressed as follows

Vi=E—Ji Ri
Vii= Eu—Ja Ru I (b)
Via=Eis—faRa

Eliminating the tensions between equations (a) and
(b), we obtain
=Ji(yr + Ri) + JuMin + JaMia
En= Julyu+ Ru) + Ji Min + Ja Mua
Ei= Ja(ya + Ra) + Ji Mia+ JuMya
1. Assume Ep and Eq = 0.

Eliminating /i between equations (c) for Ey and
E4 we obtain

Ji _(ya + Ra) (yn + Ru) — Mira
Jo

(c)

|

- d
MigMpa — Mia (yu+ R’ (d)

and after the elimination of /4 between the same
equations we obtain

fr _ (ya + Ra) (ynr + Rﬂ) — Mﬂ’d

Ju  MiaMuya Min(ys + Ra)

2. Assume E;and Ej = 0.

Eliminating /; between equations (c) for E; and
E; we obtain

(e)

Ju _
Ji

(ya + Ra) (yr + R) — Mia

T MiaMpy — My (ya + Ru‘) ®

and after the elimination of /i between the same
equations we obtain

Ju _ (ya + Ra) (yr + R) — Mia
Jo MpaMpy— Mpa(yr+ Ry

3. Assume Erand Ey=0

(g)

Eliminating /i between equations (c) for E; and
E; we obtain

Ja _(y1 + R) (yu+ Ruy) — Min :

h
Ji MinMpa— Mia(yu+ Ru)’ (b)

and after the elimination of J; in the same equations
we obtain

Ja

[ (yr + R)) (yn + Ru) — Min -
Ju

MiaMiy— Mya iy + R) @)

If we approximate these equations [(d), (e), (f),
(g), (h), and (i)] with the assumption that the
mutual impedances are negligible as compared with
the line impedances, the following equations are ob-
tained in order

Jr _ya+ Ra
Ja M
Ji_yn+ Ru
Ju My
Ju _yr+ Ri
Ji Min (1)
Ju _ya+ Ra
Jao  Mya
Ja LY + R
j.' M
Je _yu+ Ru
Ju~  Mna

If the cross-talk attenuation is defined from the
relation between outgoing and incoming current, we
obtain the following expressions for cross-talk attenu-
ation between

Disturbed Disturbing

3 circuit circuit

I;? sta = In Ef‘—f—}Q‘f d I
Ci:(:.lditll jM.'d'_ (18)
Phantom Ly + Ry I

|.|6‘ sa; =In _I/WJ_ 1 d
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Disturbed [)ia‘turhinsr

R circuit circuit
9oy — 1o Y4+ Ra
Circui Bsnia=1In Myrs d 11
Phanl‘oml
Asin=In .‘g'ﬂ' Ru 11 d
Mpyal| .
+ R (18)
R
Circuit 1 |
= yr + Ry
sy =In I II
B st Mo

This plainly gives the familiar condition that an-
other value for the cross-talk attenuation is generally
obtained if the source of energy and the receiver change
places. In order to obtain a definition for cross-talk
attenuation which is independent of the internal impe-
dances R, Ry and Ry, and of the positions of the
source of energy and receiver, we must choose the
square root of the relation between the outgoing and
the incoming current and make a correction for the
reflexes at the receiver.

The cross-talk is then

oo — 1 \/ IV 2un
Faia =1 JuVu yu+ Ru (9
Approximately
Vi=Jiuy: I
Vii= Juyu
Ji _yn+ Ru | (k)
Ju M

and if we insert these values in equations (19) we
obtain
2Vyr yu
Bsin = In=——— 20
/ Min (20)
which proves the above statement.

In case the lines are homogeneous and have end
impedances equal to the characteristic line impedances

Z, then

4o — 1n 2VZ1 Zn,
p’ st = ln MH! (21)

X. Investigation of the negligibility of the mulual
impedance as compared with the line impedance.

The definition for cross-talk attenuation as derived
from the relation between outgoing and incoming cur-
rent according to equations (18) is then

lyn + Rul, (a)
\Min
If we assume that the mutual impedance Min
may be neglected as compared with the line impedances

Brir=In

when it is 1 % of the line impedance (yn + Ru)
the derived equations for cross-talk attenuation

2s>1n 100 = 4,6.
clearly hold good.

With an attenuation sy = 6, for instance, the
mutual impedance Mriris '/, of one percent of the
line impedance |yr+ Ry, and with 3 s;n=7, My
equals | pro mill of the line impedance.

If the phase of the mutual impedance is shifted in
relation to the line impedance, conditions are still
more favourable.

In any case a good idea of the nature of the cross-
talk is obtained from the derived equations, this being
the most interesting side of the problem when the
cross-talk attenuations are as low as s = 4,6.

X1. Relation between mutual impedance und un-
balance of capacity.

According to equations (8) the unbalances of
leakance are

Bin= l‘ (A + Aoy — Ay — Ayy)
|
Bra= 3 (Aiz + Ay — Ay — Ay) o (a)

1
Bya = 7 (A + Ay — Ay — Ay

We will assume that the complex leakances to be
governed by capacity only, which permits us to write

Bin = b {C e =0 =)

|

iw(Cy + Cy — Gy — Gy, (b)

4
B—‘

fd—"z
1

B = 7 iw(Cy + Gy — Gy — Coy)

where C,;, Cy,, C.; and C., are the capacities between
the conductors and w is the angle frequency. If we
introduce the symbols Kiy Kig and Kpa for the
unbalance of the capacities between side circuits
I and Il, between side circuit / and the phantom
circuit, and between side circuit [/ and the phan-
tom circuit respectively, it is plain that

KHI = C];; + C24__ Cl; - C?sl
Kia =Cis + Cra—Cop— C?;l (c)
KHJ == C13 + Ce.'s = Cu = CQ&

(Compare K. Kiipfmiiller's treatise “Uber das Neben-
sprechen in mehrfachen Fernsprechkabeln und seine
Verminderung”)



and equations (b) then take on the following appear-
ance

By = L 1o Kin ‘
Bia =; wKi 4 } (22)
BJ’!J'— : 10 Kira I

The measuring of unbalance of capacity usually
takes place in short lengths of unloaded cable with the
circuits open at the far end. Consequently, it may
be of interest to investigate the mutual impedance for
such lines. According ta equations (10) we have

M mypy — x; xi Bru
= & & A + xiAn)
mra—x; xaBra {
M ..... >
MZ 0+ AN+ dAa) | d)
T mira — X x4 Bir 4 ’
(I + xnAn) (1 + xa Ag)

In this case mip=mrq=mnpq =0 and x; = xpr =
X4 = 0. Further,

A =10C
Ay =10 Cy (e)
Ai =10 Cy ]

where C, Cy and C; are the line capacities for
the side circuits / and I/ and the phantom circuit
respectively. Py introducing these expressions in equa-
tions (c) we obtain

. K
M= '"Jw CCy
Mig=ild 23)
2w C,r Cd '
. Kua ]
Mu=iggerer

Thus, the mutual impedance is directly proportional
to the unbalance of the capacity and reversly propor-
tional to the angle frequency .

XII. Dependence of the line impedance on one un-
homogenity.

We will consider a homogeneous line free from
cross-talk and ending with the impedance x. Accord-
ing to equations (11) and (12) the line impedance
is then

y=Ztigh(ys+p+1igq), wo
L+x : (a)

Z—x

The amplitude and phase angle for the impedance v
is then

.y!zlz\/coshl()‘s+p)—cos 2 (¢ s+q)

cosh2(8s+p) + co;, 2 (¢s+q)i (24)
sin2(ts+ g
Pu =Pt AT G LI B+ p) ’

We find that for an increasing (s + ¢) the im-
pedance v is subject to periodic variances. The geo-
metrical locus for maximum and minimum amplitudes
for the same (3s + p)and for arbitrary values of
(s + g) kave the following equations

- cosh2(#s+p) + 1
Ylm= Z \/coshZI,h’s—i-p) —l}

’ (b)
; o \/coshZ(p’s+p):ll
it " cosh2(@ s+ p) + |
By introducing the expression
nd = 20 | (25)

Y max
in the relation between the ordinates for the minimum
and maximum curve we obtain

. _coshl(;h‘s-{- p) — I ()
e “cosh2(Bs+p) + 1’
or
1 1 + n,
Fs+ p= 7 In [
For x =0 we find that

elptiad = | fe p=0,

(26)

and the impedance v is equal to the short-circuit im-
pedance R of the line.
Consequently, if

J!"l"m;n_:nQ ]
R max ‘, (27)
then: ] 1 + n,
‘8322 n | - L
For x =20 we find that
eletia = | i e, p=0.

and the impedance v is equal to the free impedance /
of the line.

Limin _ - ]

Tase { (28)
then: g s = |I I__-l-_l'?a"'
o=l

Thus, it is possible to determine the attenuation of
the line from the relation between the ordinates of the
minimum and maximum curves for the short or free
impedance.

From equation (24) it is clear that for 3s+ p =2
the impedance y= Z.
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This occurs when the line is infinitely long, when
s is infinitely great, or when x = Z, making p in-
finitely great.

We will assume that the end impedance x consists
of a leak impedance a and a homogeneous and cross-
talk free continuation of the line, with p+ fs=

Consequently, according to equation (a)

= Za l
1 @)
2(pa +i a)l==_" " —
e2lp q 7 |+22’

If, instead, the impedance x consists of a series
impedance b and a homogeneous and cross-talk free
continuation of the line, with p + 35 = o, then

;;:-’-Z ZZI (30)
(1 +2E)f

ez(.ﬁ;-i“lﬂ)—‘z—_

Lastly, if the impedance x consists of a continuation
of the line with another characteristic Z” and with
Bs+ p=co then

) . Z+ 7
eZ\pz+1qZ:l=Z'—:z,. (31)
In those cases where a, b, Z and Z’ are pure reals,

it 1s clear that

q,=0, q,= ; q.=0
and m:%m@;+ﬂ
(32)
L, (2Z
h=g |}
1, Z+Z
P:=7z—7

In those cases where a and b are governed by in-
ductance or capacity only, and Z is a pure real, then

9, = yarctg’

q, = ; arclgg-sg-F ;

e i o] [
i l]n[4(f)g # |]

If we apply equations (32) and (33) to loaded
cables with capacities C and C" and self inductance
L and L’ respectively per km., and with a surplus

or shortage of capacity dC or of self inductance JL
in a coil section, the following equations apply for
the lower frequencies

Z VL ZJ' ’
Jcandb— iodL
Thus, we obtam
q, = %arctg b
| 2 T
q; = Tarctgk
g, =0
£ 34
where 1 | 0%
ATy “[le, ]
|
Py =4 h‘lkz'+ ll
EC
Ve
ARy
LC
el k,=ZwdCand ks= mgé

XIII.

Dependency of the line impedance on several
unhomogenities.

In a certain point on a line we will assume that
there is an unhomogenity consisting in part of a series
impedance b or a leak impedance a and in part of a
change in characteristic line impedances from Z to Z'.
The propagation constant between the above-mentioned
point and beginning of the line is designated by 7s,.
In another point, situated further away from the be-
ginning of the line than the first one, we assume an
unhomogenity with the values p=p. and q=gq..
Between these two unhomogenities we have the pro-
pagaticn constanty s,. If the resulting values of p = P
and of ¢ = Q at the first unhomogenity, then, accord-
ing to equations (11) and (12), we obtain

e Z+y+b
WAP+iQ=5TY"
€ l Z—y—b
or e2P+iQ = Z+y+a . (a)
ya’
Z_._y-["a
there y=2Z'tgh(p,+ig.+7s.)
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If we introduce the following designations

b
n=tgh(ps +ig)=1+ 7
|
na=tgh(Pa+iQ¢l): _Z_
1 +
a
_ 7 , (35
n. =tgh(p: +1q.) = 7
n, =tgh(p: +ig. +7s)
n, = tgh 7 s,
N=tgh(P+iQ)
n =tgh(P+iQ+ ys)
in which
n — the relation between the impedance and the

characteristic Z at the beginning of the line, an in-
vestigation shows that

N=n.n,+n,— | (36)
] 11 ]

or N_r:;h - ﬂu. | (37)
x N + n,

and 7 =n= + N (38)

For a line with several unhomogenities, therefore,
one commences at the most distant unhomogenity and
calculates the resulting value /V at this point by means
of equations (36) or (37), after which one recal-
culates this value to the next furthest unhomogenity
and calculates the resulting value IV at this latter un-
homogenity by means of equation (36) or (37),
again recalculating this value to the next unhomogenity
by means of equation (38), etc. In this manner
one finally obtains the value n at the beginning of
the line, and consequently also the impedance x = Zn.

XIV. Approximate equations for small unhomogen-
ities, using the impedance of unhomogenity
analogously with mutual impedance.

We will introduce the quantities “impedance of
unhomogenity” H, with the following definitions

Hy=Z(1 —m)
Ha:Z(l _na)
H.=Z(l —n.)
H,=Z(1—n) ;. (39)
H, =Z(l —n)
Hy=Z( —N)
H=7Z(1—n)

According to equations (35) and (39) we then
obtain

b
ﬂbzl__};b:I-l-'z
I Ha I
ng = - -
|+Z
a
=2
n: — Z—Z
9 ¢ ® (
iy = I"“!}:tgh[P:'l'i‘i‘z”*'i'sz) *
H
n — II_“' le :tgh?sl
N____]._.‘%Vztgh{'P+iQ)
e Z

If we insert these expressions in equations (36)

and (37) we obtain

Hy H.\ [, H,
- Z‘:(l— z) (1—27) +
H
r I B
I__HN-_(]__H; (I___Hg‘ I__Hn
% z)\ z) Z

For small values of Hy, Hz, H,, H, and H,

the latter equation may be written

1 + %\1\(] — g)(l +I:Z£3)+l + %—l: (c)

and after having been duly simplified equations (b)
take on the following appearance
Hy=H. + H,+ H,— )

H.-Hi (d)
Z J

HyXH. + H, + H, +

a

The term iH-rZéH“ need plainly no longer be con-

sidered and equations (d) may then be written
Hy ™~ H;+ H, + H, + H;. (40)

If we introduce the expressions (a) in equation

(38) we obtain
| H/Z _ | —Hvpz o _Hyy
I+ (—Hy;7) (1 - H,;z)

__Hy-H, (e)
Z((2Z—H,))

A3 |

or
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H,
2ol 3 /9 a8
H™ Hyy ®
According to equations (a), however,
| —e—2ymn
I —Hyz=1ghys, = :-_-2;;,-; ()
making
H,
- = --2}‘.31 B
2Z—H, ¢ (b)
and equation (e) may therefore be written
H>Hy-e—27s. (41)
Further, from equations (a) we find that
_ Z
H"_Z+a I (42)
H,=—5b I
H=Z—-2

With equations (40), (41) and (42), therefore
(which have been reiterated here below, for the sake
of clearness), we are able to handle small unhomo-
genities much more conveniently than with equations
(35), (36), (37) and (38). These approximate
equations must be used with careful judgement, how-
ever, since the impedance of unhomogenity /' under
normal conditions appears with much greater values
than the mutual impedance M.

From equations (40), (41) and (42) we find
that the combined impedances of unhomogenity
(Hz +Ha+ Hy)i, (Hz+H,+ Hy)u, (Hz+ Ho,+ Hy)im
etc., — between which unhomogenities and the measur-
ing end we find the propagation constants  s1, sin. 75
etc. — give the resulting impedance of unhomogenity
at the measuring end,

|

H=(H.+ H.+ H)e—2ry

The most unfavourable value of H in relation to

s occurs when
H=H,eiv.=[(H.+ H.+ Hy)1 e—235
+ (H.+ Ho+ Hpne—23sy,

[
4+ (H.+ Ho+ Hy)me=3sip+ .. Jei¥s,

and with the value H, we are able to fix two limits
between which the impedance x at the measuring end
will oscillate, 1. e.

Z+H, > |X|>|Z—H,|. (45)

Finally, we have the relation between H and
p + (s derived from the equations

H=Z(l —n) } &)
and n=rtgh(p +iq + 73) -
Consequently,

H=Z[l —tgh(p+iqg + 73)] (46)

For small unhomogenities one may write
tgh(p+ig+ys) > 1 —2e-2kb+ig+rs) (j)
making
H=22Ze-2tiv+7s)
H =22Ze—2p+ds)

2| Z

| (47)
p-}-p‘s: Z]D'H

XV. Meaning of the value of unhomogenity P+ 3s.

We will now assume that P + s has been cal-
culated for each of the lines on both sides of a two-
way amplifier (se fig. 7). The transformers T
and 7. are assumed to be perfect and the balances
B, and B. to be in perfect accord with the mathe-
matical characteristics of the respective lines.

An incoming current from line | passes through the

+ (H. + Ho+ Hy)ue—273 (43)  amplifier R, and out over line 2. At the unhomo-
+ H.+H.+ Ho)me—2rs+ ... j genity P. a certain part is reflected, returning to line
Line 1. Line 2.
R,
P - R

|
|

ps,

RS,

R,

7

Ei

Fi

g 7

= il



| through the translator R.. At the unhomogenity
P, a certain part is again reflected and returns through
the amplifier R,, and so forth. The circulating current
must therefore pass through a positive attenuation
2(P, + 3s) + 2(P, + 35,) and a negative at-
tenuation equal to the sum of the effective amplifi-
cation (b, + b.) of the two amplifiers.

If b, -} b. is not smaller than 2 (P, + 35,) +
+2(P,+ 3s.) there is danger that the translator will
oscillate.

XVI. Localisation of unhomogenities and unbalances.
From equation (24)

=|z| V.“*‘B 2(3s +p)—cos 2 (as+aq)

"V cosh2(3s+ p) + cos 2 (es+q)

sin 2 (s + q) J (a)
sinh 2 (s + p)

we find that the amplitude and phase angle of the
impedance vary periodically with the increasing value
of #s + q¢ when we have an unhomogenity with the
values p and g at a distance s from the measuring end.

Furthermore, if equations (17) are applied to two
homogeneous lires with s+ p = = and a mutual
unbalance of line T or an unbalance of leakance B,
we obtain

== — {3+ s —ilug 'y
Mr=Te i ( . b
or Mp=—Z2Z7Z"Be—0s+t3s—ilus+s)|’ (b)

where s is the distance to the unbalance.

In general, the unbalances T and B are pure reals
or purely imaginary, and therefore have a constant
phase angle.

y

¥y = @.+ arctg

Consequently, an increase in (s + «'s) is also an
increase in the phase angle of the mutual impedance.
Now « and «" are functions of the angle frequency

. . (&) .
@ (velocity of propagation v = ”)’ for which reason

we may write

2(us+q)=2]_f(w)+ “s |'
5+ ) =T+ Ffonts

When locating an unhomogenity or an unbalance,
one studies the periodic variations of the line im-
pedance or the increase of the phase angle of the
impedance of unhomogenity or of the mutual im-
pedance respectively, with reference to w.

(c)

Apparcntfy, it is then possible to determine two

values of », — ¢, and @, —, corresponding to the

difference in phase for one period, i. e. a change in
2(¢s + q) and (¢s+«'s) amounting to 2.¢. Accord-
ing to equations (c) we then obtain

s |

. P\ TR i, GO SR
2.0 = 2|flo)—flo) + =~ Xt
20 = [fi (w) = i) + fo (1) —=fi ()]s

9 and ©  are small in relation to f (tv) and may
s s

therefore be 1gnored.

Consequently, equations (d) may be written under
the form

2w = [ () — el (e)

The curve radius of the function ¥ () is generally
so large that the function may well be considered as
a straight line within the interval (. — o).

The derivates of the function are then

l;h, ( iy -‘}2- o)y ] _ i ("’z) —p (ml) . (f)

(1) — oy

and if we introduce this in equation (e) we obtain

2o = (w._, — ) (1 [ e ‘ (g)
2]

By making a study of an unhomogenity or an un-
balance at a known distance s, (for instance a short-
circuit or a break at the end of a line or the placing
of an artificial attenuation between two lines with
s + p=— ) one can figure the function

$1 {0y — ) = D . (48)

(1 +
! | 22 1)
g

for different values of - 2 -2}- oy

Inversely, the distance to an arbitrary unhomogenity
or unbalance can then be calculated with the aid of
the equation

2. |
5 = oy — 0y (..H? ey ) (49)

2

When locating unbalances, unhomogenities consist-
ing of true line or leak impedances and unhomogenities
consisting of a change of characteristic line impedances
which practically do not vary with reference to «, the
distance for homogeneous lines, calculated according
to equation (49) will then coincide very well with the
actual distance.

When locating purely capacitive and purely in-
ductive line or leak impedance, the neglecting of ¢ in
equations (d) means a deviation in distance from the
actual distance amounting to
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B 5[ ; 2 e 2
= | MO 5O YR, 30
A==

(b)

g 22 t l
| arctg w 8L arctg w3 L

[see equations (34)]. We find that -7 diminishes
when ¢ C and JL diminish.

For loaded lines, the conditions become more com-
plicated because «s varies in sudden leaps at the load-
ing coils for increasing values of s.

If we introduce the following symbols

s, = length of one half loading section,
C, = capacity of one loading section,
L; = self inductance in a coil,
]
1y = = cut-off frequency,
Vil Gy

the small unsymmetrical line element consisting of half
of a loading section and half of a loading coil pos-
sesses practically the following characteristics

)
(s, = arc sin

measured from the
capacity side,

}w
measured from the
selfinductance side J

These line characteristics plainly depend on the
capacity and selfinductance of the line per loading
section only, and it is therefore chiefly inductive and
capacitive unhomogenities and unhomogenity consist-
ing of deviations in the characteristic line impedances
which are of any importance in such a line.

When locating a surplus or deficiency in the nth
or (n - 1)th half section capacity (in the same load-
ing section), where n is an even whole number, the
distance according to equation (49) is then

2 2 1
s=ns,+ larctg 7 o ,('C_ardgzcmlr‘?c I

When locating a surplus or deficiency in the self
inductance in the (n— 1)th and nth half section
(in the same loading coil), the calculated distance is

= A

For small unhomogenities the expression between
the last brackets may be neglected and it is then pos-
sible to determine the respective loading section and
loading coil in which the unhomogenity is located.

When the nth or

s=(n—1)s,+ arctg

s | 58 _ZZL
| *F gr=:;,rL

locating an unbalance in

L M CGricsson

(n + 1)th half section or in the (n— 1)th or nth

half coil, we find that here also the calculated
distance is

s =ns, resp.

) M

Finally, we have unhomogenity consisting of a
deviation in the characteristics (a deviation of the
capacity per km. of the line, of the coils or of the
distances between the coils, for instance). If both
parts of the line are interconnected in a loading section
so that the capacity of this section is equal to the sum
of the capacity from each part of the line of a normal
half section we get an unhomogenity consisting of a
pure deviation in the characteristic line impedance from
Z to Z' at a distance of an even number of half
loading sections. If this condition is not complied
with, i. e. if we get a small deviation capacity /C
within the loading section, then, according to equations

(35) and (37)

| z z
ghP+iQ -z '+t
or ar
Ny tgh(P+1Q)= (+Z)
giving
o ZZ +a(Z+2)
= o e (Z—Z) !

_(Z+Z)+iwiCZZ | (=)
(Z—Z)+iwdCZZ |

Since Z and Z" may be assumed to be true reals,

and I to be large in comparison with Z and Z’,
wdC
then
3 o g“( 0 CZZ' —aret gm(JCZZ
Z+ 7' Z-7

(Z+ Z')P+(wéCZZ)y

|
([ (n)
}

2P — ] (Z—2Z')+ (wéCZZ)
or XN wd =
Q™ w {.-sz'= —Z I (o)
N, Z+Z ‘
P'\. 4 ]nz_zi J

Thus, we obtain here also unhomogenity consisting
of a pure deviation in the characteristic line impedance
from Z to Z', but the distance to the unhomogenity
will be subject to an apparent deviation from an even
number of loading sections, this deviation having the
value

SEZ L*
d4= :sr ¢ 2 Zw Z (ml_""i ) (P)
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The automatic fire alarm system described in
this article is furnished by
Telefonaktiebolaget L. M. Ericsson.

Fditor's note.

The Automatic Fire Alarm.
By Folke Johansson, of the Swedish Forestry Service.
(Reproduced from the forestry magazine :Skogen:, No. 12, 1928,

The danger of fire in the woodworking industries can be considerably reduced
by the use of automatic fire alarm equipment.

ln the lumber and woodworking industries — no
matter whether saw-mills, planing mills, finer wood
working factories or wood-pulp mills of various kinds

The Thermo-contict — the fee-
ler. of the automatic fire alarm
- is the first organ to function

in case of fire.

Alarm Bell

for Outdoor Use.

— the danger of fire is generally extremely great,
owing to the construction of the buildings, the cha-
racter of the machine equipment and of the material
handled, the quantities of accumulated sawdust and
shavings as well as to many other factors. It is there-
fore not unusual that fire occurs in factories and mills
of this description and every so often the daily press
contains notices of such occurences which have re-
sulted in serious material losses, More often than
the time it was discovered that the work of ex-

not the cause of the fire remains unknown, the fire
having broken out between the night watchman’s in-
spection rounds and having gained such headway by

Alarm Hell for Indoor Use.

ToLager 19

Extension Alarm Button, to be
usedd when an  automatic alarm
signal is o be transmitted direct
to  the municipal fire depart-
ment or other protective
arganization.
Fig, 1.
tinguishing the same proved extremely difficult or
even futile. As a rule, the direct material losses as
well as those incurred through a crippled production
are covered by insurance, at least for all the larger
industrial enterprises, but an occurence of this kind
invariably awakens a conviction within us that, eco-
nomically — from a general as well as from an in-
dividual point of view — a much better condition of
affairs could be reached if the automatic fire alarm

were more universally adopted.
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There is absolutely no doubt but that the most im-
portant factor in all fire fighting is that the fire is ob-
served at as early a stage as possible, for it is litterally
true that when, at one moment, a fire may be ex-
tinguished with a pail of water, at the next it may
defy the efforts of the most modernly equipped fire
department. The finding of a method whereby fire
could be discovered in its very earliest stages has, there-
fore, constituted a problem with which fire protection

!
2 |

Fig.: 4.
mitted at the outbreak of a fire
board, which cawses the alarm bells to function. That part
of the building in which the fire has broken out is indicated

An incoming impulse from a thermo-contact trans-

is received at the alarm

on the board.  Also, the alarm board indicates at all times
the presence of faulls in the eleetric installation. i. e,
whether the circuits are in perfect condition or not,

interests have long been occupied. These efforts,
aided by medern developments within the field of
low tension electrotecnics, bave resulted in the con-
struction of the automatic fire alarm, whose function
it is to replace the human element with all its de-
fectiveness and to make possible intervention at the
earliest possible moment, thereby preventing serious
catastrophies.

The automatic fire alarm works on the following
principle. The heat engendered by the fire affects
contacts which are influenced by a super-normal tem-
perature, so called thermo contacts (fig. 1) — a cer-

tain number of which are mounted on the ceilings of
the rooms or premises which are to be protected —
thereby closing an electric circuit which actuates an
alarm signalling device (gong or siren) placed out-
doors, within the building or at any other desired place,
as at the local fire department or in the caretaker's
quarters, for instance. The thermo-contacts are wired
so as to communicate with an alarm board (fig. 2)
which denotes from which part of the building the
alarm has emanated.

Various such systems have been devised during lat-
ter years, but none of them have been absolutely satis-
factory in all respects. One unequivocal requirement
is that the system shall function with absolute ac-
curacy under all manner of conditions (for instance
in the extremely moist air of woodpulp mills) and be
unaffected by the ravages of time, and it is in this
respect, especially, that earlier constructions have been
at a disadvantage. Quite recently, however, develop-
ments in this line have taken a great stride forward,
thanks to the automatic fire alarm system devised by
Mr. H. Ekman, telegraph engineer for the Stockholm
Fire Department; a system in which all the faults
and deficiencies of previous systems have been eli-
minated, thereby assuring its accuracy and reliability.

The interest for safety devices of this kind has not
been very pronounced within the Swedish lumber and
woedworking industries, a condition which must be
ascribed in part to a lack of knowledge of the auto-
matic fire alarm and in part to past experience with
more or less unreliable systems. Increased enlighten-
ment on this subject is an absolute necessity, so much
the more since efficient alarm equipment may now be
obtained at a reasonable price.

There is no doubt but that the future of the auto-
matic fire alarm is assured, in woodworking as well
as in other industries. This is already suggested by
the fact that the insurance companies are giving large
reductions off premiums on risks taken by concerns
whose plants are equipped with reliable electric and
automatic fire alarm systems, and the reductions thus
obtained should cover interest for and amortization
of the entire installation within a very short time. An-
other important advantage is that the relative cost of
an automatic alarm installation with a small number
of thermo-contacts is inconsiderably greater than for
one with a large number of contacts, thus making it
advantageous for mills and factories of all sizes to
install this type of equipment, thereby obtaining in-
creased protection for their production.

Folke [ohansson.



Fire Protection in Industrial Life.
By Robert Mossberg.

(Reproduced from “Teknisk Tidskrift” for July 14, 1928.)

mong the many present-day problems, fire pro-

tection 1s without doubt one of the foremost.
In all countries, energetically conducted compaigns
for the spread of enlightenment on this subject — as
seen from a political economic point of view — have
caused wider and wider circles to understand the im-
portance of fire protection.

Also, in industrial life, fire protection is being re-
garded more and more as a purely economic question,
as another step in the development of competitive
power, although the importance of this does not yet
seem to have received as serious consideration in

Sweden as in a number of other countries, for example

Finland.

To a certain extent, this is undoubtedly due to the
opinion — so prevalent in Sweden — that fire pro-
tection is something to be taken up between the fire-
insurance companies and the industrial enterprises, so
that the degree of protection against fire for almost
every insurable object would be determined by
the risk policy adopted by the insurance companies.
In other words, this would mean that the character
and financial extent of the fire protective measures
would be weighed merely against the larger or smaller
reduction off premiums.

A closer scrutiny of this problem will soon reveal,
however, that we here have to deal with a far-
reaching economic question, in which the risk policy
of the insurance companies often plays a comparative-
ly unimportant role,

The aim of insurance against damage by fire is
to cover the material value of buildings, equipment
and stock. That protection against material losses is
but one aspect of the problem is as undeniable a fact
as that the insurance companies, through their influence
on the design and method of construction of industrial
buildings, have largely contributed to a reduction of
the risk moments.

A large fire in a factory or mill is generally ac-

companied by a temporary crippling of the production,
thereby causing serious reductions in both output and
profits. Formerly, it has not been possible to judge
the extent of interruption losses caused by fire, but
the interruption insurance which has been introduced
during latter years and the resulting statistical in-
formation on this subject has made it possible to
include this factor in the estimates.

The premiums for an interruption insurance are
generally double those for regular fire insurance, the
fairness of this proportion being proved by the value
of paid out interruption insurance, examples taken at
random from insurance statistics during the last few
years showing that in cases of insurance against in-
terruption in the prcduction, the insurance paid out
on such risks has been practically the double of what
was paid out for fire insurance in the same cases.
In other words, this means that if a reduction off
premiums is taken as basis for estimating the extent
of fire protective measures, and we designate this
reduction with a, then the calculations must be based
on a value 3 a.

A third factor which must be included in the esti-
mates for fire protective measures is the risk of a re-
duction in the business connections which may be
brought about by a fire. It is extremely difficult to
make a general estimate of such a risk, conditions
being altogether too different within the various in-
dustries. This risk is most keenly felt by industries
having season production, for instance the textile in-
dustry, in which the customer is forced to obtain his
supplies from another manufacturer in case a fire
should prevent the filling of an order at the time for
putting a season article on the market. Other in-
dustries, which must at all times be prepared to
deliver spare parts to their customers, are more and
more beginning to equip their factory buildings in
the most favourable manner, seen from a fire pro-
tective point of view. An instance of this kind from

the S. K. F. company (Swedish Ball Bearing Com-
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pany) was recently mentioned in the Swedish journal
“Brandskydd” (Fire Protection).

Another important — although not sufficiently con-
sidered — side of the industrial fire protection pro-
blem is the social one, also with far-reaching economic
In many of our rural districts, the in-
habitants as well as the entire community are de-

consequences,

pendent on some certain industrial enterprise for their
livelvhood. A destructive fire in such an enterprise
generally means more or less unemployment with ensu-
ing increased demands for help from the common-
wealth, at the same time as the financial capacity

of the principal source of taxe income is considerably
reduced. This results in higher taxes, which must be
borne almost entirely by the enterprise in question, an
increase in expenditures which most certainly should
be entered on the insurance account.

An industrial fire for which, possibly, but a com-
paratively insignificant indemnity is paid may thus
mean — which it also generally does — many times
greater losses of a direct or indirect nature, which
might have been avoided or materially reduced had
suitable fire protective measures been consistently
adopted.

The new Telephone plant of Naples.
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