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" Critical Methods of Investigation as 
applied to the Study of Telephone Areas 

and Plant Lay-out." 

SYNOPSIS. 
Introduction. 

The investment of capital to provide a given standard 
of transmission and a given grade of service. 

The choice of investment : comparison of Capital Costs, 
Annual Costs and Present Value of Annual Costs. 

The effects of rate of interest and rising and falling costs 
on planning periods. 

The period over which calculations should be made and 
the effect on economic planning periods. 

Economics of Plant Provision. 
Methods of calculation for determining economic periods 

for the provision of ducts and cables. 
The economic use of quad type cables. 

Economics of Exchange Area Lay-outs. 
The machinery necessary to ensure that revisions of lay-

out are formulated in sufficient time to permit of their accom-
plishment by the time relief is required. 

Preliminary data : development summary plan : density 
plan : traffic distribution diagrams. 

Fundamental Graphs. 
Average length of lines in areas of uniform density : 

ratio of route length to radial length : area covered by 
different types of conductor : economic size of exchanges for 
areas of uniform density. 

Application of standard curves to actual areas : equi-
valent density and equivalent areas. 

New Exchanges. 

The fundamental lay-out plan. 
Comparison of alternative schemes. 
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The preparation of a traffic forecast : method of determin-
ing economic traffic routing : junction forecast : the deter-
mination of the practical centre. 

The economic date 'of opening. 

The Conversion of a Telephone Area from Manual to Auto-
matic Working. 

The problem of C.C.I. traffic. 
The economic date for converting a manual exchange to 

auto working. 

NOTE.—The costs used in illustrating the methods of in-
vestigation described in this paper must not be con-
sidered as applicable to any individual case. I n 
practice, cost data are kept under constant review and 
suitable values are used for the particular problem 
under consideration. 

The advances made in the technical development of 
telephony, together with the great expansion of the system 
which is already taking place, render the economic side of 
telephone engineering a subject of increasing importance to 
the engineer. The total number of direct exchange lines in 
London has more than doubled in the last ten years and, if 
the present expectations of growth are realised, the number 
of working lines will again be doubled within a period of 
eight years. 

To make provision for this development, a large amount 
of money must be expended on engineering plant, and if this 
expenditure is to be reduced to a minimum, every engineering 
process must be organised on scientific lines and the design 
of plant lay-out must conform to sound economic principles. 

Captain J. G. Hines, in a paper read before this Institu-
tion in November, 1923,* and in a paper read before the 
Institution of Electrical Engineers in January, 1929,i- has 
described generally the economic problems with which the 
telephone engineer has to contend. The author, in this 
paper, hopes to show in some little detail some of the methods 
of investigation which are adopted in planning the lay-out of 

* I.P.O.E.E. Paper, No. 95. 
I.E.E. Journal, No. 289, May, 1929. 
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a telephone area. To start from first principles, the problem 
set is really one of the investment of capital for the provision, 
of an engineering structure and the necessary operating 
agents to provide a given standard of transmission and a 
given grade of service. The two standards may vary from 
time to time as the state of the science advances. They are, 
moreover, dependent to some extent on financial considera-
tions. In other words, the object of the administration is to 
offer the best service and transmission that it can afford at 
tariffs which are sufficiently attractive to induce new business 
and thereby tend to the expansion of the service. As already 
stated, the problem is one of the investment of capital, and 
the choice as to the best form of investment will be governed 
by a comparison of costs taken over a period of years as 
compared with the revenue to be obtained. 

As development forecasts in London are invariably made 
on the assumption that there is full plant availability, that 
intensive canvassing will be generally adopted, and that no 
extra mileage charges will apply, the revenue obtainable is 
genetally assumed to be the same whatever plant lay-out is 
adopted, and therefore may be ignored in the calculation. 
In certain cases, where different rentals and call fees may be 
applicable, the anticipated revenue must also be computed. 

Comparisons may be made of capital costs, annual costs 
and present value of annual costs ; but, while the last named 
gives the only true test of economics, comparisons of capital 
and annual cost also assist in arriving at a conclusion where 
the present values do not materially differ. 

The items of annual expenditure which will govern the 
choice of alternative schemes may be classified as under :— 

(t) Interest. 
(2) Depreciation. 
(3) Operation cost. 
(4) Maintenance. 

These items can be expressed in terms of money and are 
generally known as reducible data, but there are many items 
which cannot be so computed. These are classified under 
the heading of irreducible data and would include such items 
as transmission values, interruptions of service, and risks of 
various kinds. The experience of the engineer alone will 
enable a correct judgment to be obtained when assessing the 
relative values of reducible and irreducible data. 
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The first problem which the development engineer must 
confront is the determination of the periods in advance of 
requirements for which different classes of plant should be 
provided. It is obvious that if any particular item of plant 
has the same cost per unit whether provided singly or in 
bulk, then no economic advantage will be obtained by pro-
viding more plant than is required to meet immediate needs. 
On the other hand, if the cost per unit becomes less as the 
number of units provided at one time is increased, then it 
becomes necessary to determine the most economical planning 
period. When plant can be economically provided in large 
instalments, the increased annual charges on the plant in the 
early years, due to plant lying idle, are offset by the reduced 
annual charges on plant during the later years, on account 
of the smaller capital costs involved by provision in bulk. 

It is usual in such calculations to compare the costs over 
the full life of the plant, but in certain cases it is necessary to 
limit the calculations to a shorter period. This limitation 
may be due to the difficulty of forecasting for the longer 
period or it may be due to the necessity of correlating the 
debit and credit sides of the account during the early years. 
In a commercial concern, for example, it might be obviously 
unsound to incur a large capital expenditure in the early years 
if the annual charges thereon would greatly outweigh the 
revenue to be obtained for a number of years. It must also 
be borne in mind that where estimates of future growth are 
more or less speculative, it is also desirable that calculations 
should be limited to a shorter period ; and capital expenditure 
should be a governing factor where the difference in the 
present value of annual charges is small. 

In order to illustrate the effect on the planning period of 
shortening the period over which calculations are made, 
Fig. I has been prepared. This shows a simple case where 
plant could be provided in one or two instalments. 

If A = capital cost of providing in one instalment 
B = 	„ 	„ „ the first of two instalments 
C = 	„ 	„ „ the second instalment 
a = annual charge as a % of capital cost 

n = limiting period for which it is economical to 
plan 

x = P.V. multiplier for the full period, N years, 
aver which costs are calculated 
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Taking values for y where N = 15, 20 and 3o years, 
respectively, and where n varies from o to 20 years, the limits 
of economic planning can be shown for various ratios of 
A — B 

C 
As an example, let us assume that in a particular case 

this ratio has the value of o.6 ; then, when costs are calculated 
over a period of 3o years, it will be economical to defer the 
provision of the second instalment if it will not be required 
for 7.5 years. On the other hand, when the comparison of 
costs is confined to a period of 20 years the plant should only 
be provided in one instalment if an increase would otherwise 
be necessary within 5.9 years. 

It is evident, therefore, that the economic planning 
period is shortened when the costs are calculated over periods 
less than the full life of the plant. 

It is interesting also to study the effect of rates of interest 
on economic planning periods. It will be observed (Fig. 2) 
that, so long as the rate of interest is constant during the 
period, it does not very materially affect the planning period, 
although the higher interest rates will tend to shorten 
the period slightly. On the other hand if a rise or fall is 
forcast a marked effect will be noticed. The economic 
planning period for the first instalment will be definitely 
lengthened if subsequent instalments are subjected to charges 
at a higher rate of interest (Fig. 3), and the reverse will be 
the case where a fall of interest may be anticipated with regard 
to future instalments (Fig. 4). Similar results obtain also 
with regard to variations in the capital costs of instalments of 
plant. So long as the cost relation between different instal-
ments of plant remains constant, the actual magnitude of the 
costs will not affect the planning period, but falling costs will 
shorten the initial planning period and rising costs increase 
it, the normal planning period again becoming operative as 
soon as stability is reached. 

Fig. 5 shows a convenient method of arriving at the 
planning period when each instalment is of equal value. 

The straight lines running diagonally across the graph 
represent the P.V. of ,‘I per annum increasing by L1 every 
two years, every three years and so on. 

As the annual charges on any given type of plant are 
proportional to the capital cost, vertical lines representing the 
capital cost of instalments of one, two or more units can he 
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GRAPH ILLUSTRATING THE EFFECT OF THE RATE OF INTEREST ON 
PLANNING PERIODS. 

FIG. 2. 

shown and, by suitable calibration of the ordinates, the P.V. 
of annual charges can be read. 

By connecting the points of intersection of the vertical 
lines with the diagonal lines corresponding to the period for 
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which the appropriate instalment will serve, the economic 
planning period can easily be seen, this being represented by 
the minimum point. Such a method is only suitable in its 
entirety where each instalment is of equal value, as in the 
case of duct work. 

When allowance has to be made for rearrangements as 
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in the case of cables, the P.V. of the annual charges on the 
plant to be placed can be calculated by the use of a similar 
graph to that just described, the rearrangement charges being 
added separately. A typical example is illustrated in Fig. 6. 

An interesting example of another type of investigation 
is illustrated in Fig. 7. It was desired to determine the con- 
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ditions under which it would be economical to use the quad 
type of cables when utilising the last spare duct of a nest. 
For example, either a 300-pair twin cable or a 5o4-pair quad 
cable could be accommodated, the use of the larger cable 
enabling the provision of new ducts to be deferred for a 
number of years. 

In view of the higher cost of the 504-pair cable there 
obviously will be a loss on the P.V. of annual charges on 
cables in the earlier years which will only in part be com-
pensated for by savings due to the deferment of subsequent 
instalments of 300-pair cables. If the proposal to use a 504-
pair cable is to prove economical, then the nett loss on cables 
must be less than the savings which will accrue by the defer-
ment of the ducts. 

In order to find the critical values let us assume that the 
costs are equal and equate the savings on duct work to the 
losses on cabling. 

Let 	A = capital cost of a 300-pair cable 

„ A + X = 	 ,, ,, 504 )1 	)) 

11 	D = 	„ „ „ the duct work which would be 
deferred. 

N = number of years for which a 300-pair cable 
will meet development. 
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a = P.V: multiplier for 3o years. 

b = 	„ 	19 	 „ instalments made every 
N years, deferred N years. 

c = P.V. multiplier for instalments made every 
N years, deferred 1 2/3 N years. 

d = P.V. multiplier for 2/3 N years, deferred 
N years. 
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11.5 = Percentage A.C. on cables 
6.3 = 	„ 	A.C. on ducts 

Then ii.5% (aA+bA)+6.3% dD=ii.5% (aA+aX+cA) 
6.3% dD=ii.5% (aX+cA—bA) 

D=.  11.5 (aX+cA—bA\ 

6.3 
(aX± cA—bA) 

1.825 
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By taking A as various ratios of A + X, D can be ex-
pressed in terms of A and a series of graphs plotted (Fig. 7). 

Fig. 8 shows the result obtained for particular values of 
A and A + X. It will be seen that the use of 5o4-pair cable 
would be economically justified if it would enable duct work 
costing more than £6,5coo to be deferred for 6 years. 

One of the most interesting problems which confronts 
the development engineer is the lay-out of exchange areas to 
meet the requirements of future growth. As a period of 
several years must elapse between the time that a proposal to 
open a new exchange is first formulated and the date the 
exchange can be brought into service, some machinery is 
necessary to ensure that the whole territory is kept under 
review. To meet the needs of this, schedules are prepared 
for each exchange as shown in Fig. 9, and a graphical record 
is also kept. From these a priority list is prepared showing 
proposed reliefs already in hand and contemplated in accord-
ance with the fundamental lay-out plan, and also the dates at 
which further relief is necessary but for which a scheme has 
not yet been formulated (Fig. 1o). The need for relief to any 
particular exchange generally affords the opportunity for a 
study of surrounding territory. Each investigation usually 
embraces a number of exchange areas, the limits of any 
particular study being defined, where possible, by some 
natural boundary, such as a river or park land or, alter-
natively, by a belt of low telephone density. 

Of course, before any investigation can be undertaken a 
development study is necessary and this is furnished by the 
Contract Branch of the London Telephone Service and shows 
the estimated development for small blocks of territory for 5, 
10, 15 and 20 year periods. The result of this study will be 
used by the external engineer for the provision of plant, and 
is therefore in much greater detail than is required for the 
purpose now being considered. A summary plan is there-
fore prepared on which the distribution areas are combined 
to form larger areas, care being taken to combine only such 
areas as are of similar characteristics and which have approxi-
mately the same telephone density. This plan is usually 
prepared on a 6" scale, and forms the working plan (Fig. III. 
It will be evident that, when dealing with an area covering, 
perhaps, ten or more square miles, there may be numerous 
ways in which the territory could be laid out, but the problem 
is to determine the most economical method to cover a period 
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of years._ )It,is'obvious; that the minimum cost of subscribers' 
line8;will:be ,ac.hieved ;if tfie.tUrritqcy is divided so that the 
e)tchanges are situated ill the areas-of greatest density, for 
then a large-number of lines-will be of short length and only 
the less dense areas will have long lines. To facilitate the 
preparation of a preliminary lay-out of areas a density plan 
is of great assistance, and this is obtained by calculating the 
density per square mile for each of the development blocks on 
the summary plan and colouring each in accordance with a 
standard colour scheme. Fig. 12 gives a typical example. 

In order to minimise the number of calculations which 
would have to be made for determining the relative merits 
of alternative schemes, a number of standard graphs have 
been prepared which assist materially in the preparation of 
the lay-out plan. Some of the more important of these are 
illustrated. Fig. 13 shows the ratio of route length to radial 

2.4 D,AL ,0/57,7,VC.E.  /A/M/LES  

FIG. 13. 
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distance for lines of any length and was obtained by the 
analysis of a number of typical schemes. From this another 
graph, Fig. 14, has been derived, showing the ratio of route 
length to radial distance of all lines within a given radius of 

-2 -4 -6 8 -0 1-2 1.4 /4 1-8 2-0 22 24 24 28 32 32 34 3-6 38 42 
RFD/US P/Pcve ExCH.4N2E- 

FIG. 14. 

the exchange, assuming that the lines are uniformly dis-
tributed. It was desired to obtain data with regard to the 
average cost per line for areas of different sizes, but it was 
realised that the variation in the distribution of density in 
different areas is so great, and the possible configurations of 
the area so numerous, as to render it impossible to prepare 
curves to cover the necessary ranges. It was therefore 
decided to prepare all data on the basis of a circular area of 
uniform density, but in order that the figures obtained should 
be as representative as possible of actual areas of equally 
distributed density, the centre was taken at a point two fifths 
along the diameter of the circle. This position is typical of 
average London conditions where the pull exerted on the 
practical centre of the area due to the junction traffic towards 
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Central London is most marked. Fig. 15 shows a typical 
traffic distribution diagram and shows superposed on it the 
main junction cable routes serving the area. 

The traffic accumulated on the routes and weighted to 
allow for the different types of conductor is shown in the form 
of a vector diagram on Fig. io. The resultant pull in the 
direction of Central London is clearly seen. 

The average length of the lines drawn from a point two 
fifths along the diameter to all points within the circle may 
be shown mathematically to be equal to o.686 times the radius 
of the circle, and using this figure in conjunction with the 
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graphs already shown the average length of all lines within 
an exchange area of any size can be calculated. This is illus-
trated in Fig. 17. Another factor has, however, to be taken 
into account, and that is, the type of conductor necessary to 
give standard transmission. Assuming that it has been 
determined that for transmission reasons the resistance of 
lines should conform to a 30o-ohm limit, then a certain pro-
portion of an area may be served by each type of conductor 
as shown in Fig. 18. 

Fig. 19 shows the average annual cost per line under 
similar conditions for an exchange of about 4,000 lines. It 
will he appreciated, however, that the cost per circuit-mile of 
conductors is less where development is high than where it is 
sparse, owing to the economic advantage to be obtained from 
large nests of ducts and large cables. A correcting factor has 
therefore been included in the graph for the purpose of adjust-
ing the costs. 

Although the cost of subscribers' line plant will be 
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reduced by adopting small areas, site and building costs will 
be increased. Fig. 20 shows the average cost per direct 

whange line for sites in different parts of London according 
to.-the size of the exchange. Fig. 21 shows how building 
costs per line increase as the size of the exchange decreases. 
The graph shown refers to buildings for automatic exchanges, 
but similar ones are prepared for manual exchanges. In both 
cases the size of the building is also dependent on the busy 
hour calling rate, and a number of, graphs are therefore 
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FIG. 19. 

shown. An increase in the number of junctions is a natural 
result of subdividing areas, and . allowance is made for the 
additional junction costs incurred by converting local traffic 
into junction traffic. Automatic exchange equipment costs 
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per line are also increased if the exchange is small, owing to 
the loss of efficiency in common apparatus and in the group-
ing Of switches. The viriable costs for these items are alSo 
calculated and Fig. 22 shows all these variables ?lotted, 
together with a summation curve on which the. minimuni 
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.D.t"L /N TmOusignias 

FIG. 21. 

point represents the economic size of exchange for the tele-
phone density concerned. Many of these graphs have to be 
plotted in order to cover the range of site costs, calling rates 
and densities likely to be met with in practice. Fig. 23 shows. 
how the economic size of automatic exchange area varies with 

telephone density and site costs, 
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FIG. 22. 

Fig. 24 shows the economic number of units to be pro-
vided in areas of high telephone density. 

It now remains to consider how these curves may be 
used as a guide to planning when a proposed area is irregular 
in shape and uneven in the distribution of development. 
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ECONOMIC SIZE OF EXCHANGES. 

CENTRAL LONDON. 

3o Yeat Period. 

FIG. 24. 
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To facilitate the costing of the line plant for a preliminary 
study, a special form of calculating rule is prepared which 
will enable the cost per line for groups of development at 
various distances from the exchange to be readily ascertained. 
Fig. 25 shows the method of constructing the scale. The 
upper portion consists of the " route to radial " curve, and 
to the left of the ordinate is given the annual charge per 
circuit for each type of conductor. By plotting this graph 

. 

to the scale of the map to be used and by projecting the read-
ings, a scale may be calibrated showing the annual charge 
per circuit for groups of development at - various radial 
distances from the exchange. If the cost per circuit is read 
from the scale for each block of development on the summary 
plan and is multiplied by the number of subscribers per block, 
the cost of the line plant for serving the whole area may be 
readily calculated : this total, divided by the number of sub-
scribers in the area, will give the average cost per line. 
Fig. 19 indicates the average cost per line for areas of different 
sizes when the development is uniformly distributed and, by 
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Actual Area 	 _= 2.86 square miles. 
Average Density 
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reading in the reverse direction from this graph, the area of 
uniform density having a similar cost will be found. Fig. 26 
shows an actual area and an area of uniform density having 
equal costs. If the development forecast for the area now be 
divided by the area as obtained from the graph, the equivalent 
density will be obtained, and all costs shown on the funda-
mental curves for areas of uniform density will he applicable. 
In this way an idea may be gained of the approximate size of 
exchange which will be economical for the portion of territory 
under review, and alternative schemes for serving the area 
may be prepared. It should be emphasized that the above 
method is a guide, and limits the number of methods which 
will require detailed investigation. 

At this stage, it is necessary to determine the practical 
centres of the proposed areas, as defined on the alternative 
lay-outs, i.e., the points at which line plant costs would be at 
a minimum. To enable this to be done a forecast of the 
junction requirements under each scheme will be necessary. 
A method of forecasting traffic has been developed by Messrs. 
Knight and Gadsby of the London Telephone Service, and 
I am indebted to them for permission to reproduce some of 
their diagrams. The method briefly consists of assessing, 
from the results of the traffic records, the acquaintance factors 
of every exchange to every other exchange, and then project-
ing the traffic to the required date in accordance with a func-
tion of the product of the growth factors of the originating 
and receiving exchanges. The form of this function will 
depend on whether it is anticipated that the average calling 
rate will increase, fall, or remain constant, and it may be 
varied from time to time as further records reveal the 
tendencies. Fig. 27 shows the lines of equal acquaintance 
for the Hampstead Exchange. The acquaintance factors for 
new exchanges are obtained from the acquaintance factors of 
existing exchanges as shown in Fig. 28. 

When a forecast of the traffic has been obtained, it is 
necessary for the engineer to determine the most economical 
routing for this traffic, i.e., whether the traffic should be carried 
direct from one exchange to another or whether it should be 
switched at some intermediate point. To enable this to be 
done, a junction route plan is prepared showing, diagram-
matically, the positions of existing and proposed exchanges, 
together with junction links joining them. These links are 
drawn to scale and represent the actual route distances be- 
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tween the exchanges. Suitable scales which indicate the type 
of conductor necessary and the annual charge per circuit 
are used in conjunction with the map which is illustrated 
in Fig. 29. By using these scales, the cost per circuit 
by alternative routings may be easily ascertained. Fig. 
30 shows the number of circuits required for any number 
of traffic units when traffic is routed as an individual group, 
or when combined with other traffic to form a larger group. 
The product of the figure obtained by the use of the scales 
and the reading from the graph will give the total line plant 
costs for the alternative routings. It is, however, necessary 
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METHOD OF DETERMINING ACQUAINTANCE FACTORS FOR 
NEW EXCHANGES. 

FIG. 28. 

to take into account the variations in equipment costs, and 
Fig. 31 shows how these vary according to the number of 
traffic units to be routed. The combination of the two costs 
thus obtained will enable the most economical routing to be 
determined. When the total traffic on each route has been 
determined, the junctions necessary can be calculated from 
the appropriate tables and the class of conductor indicated. 
This information is then shown in the form illustrated in 
Fig. 32. 

The determination of the practical centre may now be 
commenced. The first stage is to calculate the theoretical 
centre for direct exchange lines only. This is obtained in the 
manner which is doubtless familiar to everybody, by adding 
the subscribers development in vertical and horizontal 
columns, and by drawing lines which will divide the total 
development into equal portions north and south, and east 
and west. The point of intersection of these lines gives the 
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EFFICIENCY OF JUNCTION GROUPS. 
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FIG. 30. 

primary theoretical centre. This point is not, however, the 
true subscribers' centre, unless the area is small enough to be 
served entirely on 61 lb. conductor, but it will serve to define 
zones around it indicating the territory which can be served 
by each type of conductor. Weighting factors are then 
applied to the development figures in each zone and the 
theoretical centre is recalculated. The weighting factors 
represent the cost of the heavier conductors in terms of 62 lb. 
conductor. This centre, as now calculated, may be used as 
a guide to the points at which the junction plant should enter 
the area, and, the junction forecast having been obtained as 
already described, the junction pairs, duly weighted for the 
type of conductor concerned, can be indicated on the plan at 
the boundaries of the area at the appropriate points of entry. 
A third theoretical centre is then obtained based on the 
weighted subscribers and junction forecasts and this will 
probably be near the practical centre, which is the point at 
which line plant costs will be at a minimum. 

To enable the practical centre to be calculated, a plan is 
obtained showing details of the existing line plant, and the 
weighted figures are collected on to routes and summated in 
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TRAFFIC ROUTING—AUTO TO AUTO—TANDEM V. DIRECT 

EQUIPMENT COSTS. 
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FIG. 31. 

the direction of the theoretical centre, until a point is reached 
where the difference between the weighted figures from 
different directions will be at a minimum. 

If there is a considerable difference between the rates of 
growth in various parts of the area during the period for 
which the exchange is to serve, it will be necessary to prepare 
weighted figures for an intermediate as well as the ultimate 
date, and to apply suitable P.V. multipliers to the figures in 
order to arrive at the point of minimum cost when the whole 
period is taken into account. Fig. 33 shows a typical case. 

Practical centres having been obtained for the proposed 
areas under the alternative lay-outs, the two schemes may be 
compared. 

The next stage will be to formulate a programme show-
ing the dates at which the individual exchanges should be 
provided under the alternative schemes. The exhaustion 
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POST OFFICE ENGINEERING DEPARTMENT. 
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dates of the exchange capacity will in many cases auto-
matically decide the priority of relieving exchanges, but it 
may happen that one exchange could conveniently serve two 
areas for a period of years. A separate investigation is then 
necessary to determine the economic date for opening the 
second exchange. 

Fig. 34 shows a typical cost statement indicating the 
P.V. of annual charges on all variable items of plant when 
the additional exchange is opened at various dates. These 
dates are usually taken at intervals of five years and a graph 
is plotted (Fig. 35). The minimum point of this curve will 
indicate the approximate date at which the exchange should 
be opened in order to realise the maximum economies. A 
tentative programme is now prepared for each of the alter-
native lay-outs, and a financial statement is compiled to show 
a comparison of the P.V. of annual charges for the planning 
period. All the necessary detailed information relative to the 
individual problem is at this stage taken into account. A 
proposal for the revision of the lay-out can then be formulated, 
and Fig. 36 shows a typical example. 

Similar methods are used in determining the lay-out 
under manual conditions, but the additional factor of operat-
ing costs has to be included in the financial statement. If a 
given manual area is divided into two exchange areas, then 
additional annual charges will be incurred due to the increase 
in junction traffic and to the loss of efficiency in staffing. 
Fig. 37 shows a typical curve for determining the economic 
date of opening for a relieving manual exchange in the outer 
London zone. 

The gradual conversion of London to automatic working 
has introduced an interesting problem in connection with the 
replacement of manual exchanges. Fig. 38 shows (a) the 
number of lines working on automatic and manual exchanges 
at the present time within the automatic zone, and (b) the 
estimated number of lines at the 1st January in each of the 
next few years in accordance with the present programme 
with a projection to 1940. Fig. 39 shows the same informa-
tion in the form of a percentage. Under the system of work-
ing adopted in London it is well known that all calls from 
automatic to manual subscribers are routed via Coder Call 
Indicator positions at the manual exchanges : Fig. 40 shows 
the number of calls to be so routed year by year, and is a 
measure of the total C.C.I. equipment necessary. By assum- 
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ECONOMIC OPENING DATE OF 2ND AUTO. EXCHANGE. 

ing, for the moment, that the programme of conversion 
beyond 1935 follows the same rate as that up to 1935, the 
traffic curve when extended shows a peak of C.C.I. traffic at 
1936, and a rapid falling away beyond that date. It is inter-
esting to note the effect on the position and magnitude of the 
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ECONOMIC DATE OF OPENING MANUAL EXCHANGES. 

FIG. 37. 

peak of increasing the rate of conversion. If, for example, 
it were possible to increase by to% the number of lines to be 
working automatically each year according to the present 
programme then the peak of C.C.I. traffic would be advanced 
and at the same time reduced in magnitude. Now it is 
obviously possible to increase the number of lines working 
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automatically by converting more existing manual exchanges 
to automatic working or, alternatively, by relieving manual 
exchanges by additional transfers to existing or proposed 
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ESTIMATE OF THE NUMBER OF AUTOMATIC EXCHANGES TO BE WORK-

ING IN LONDON AND THE PERCENTAGE OF TOTAL DEVELOPMENT 

CONNECTED TO THEM ACCORDING TO PROGRAMME AS AT 1929. 

FIG. 39. 

automatic exchanges. The lower curves show the average 
traffic per exchange if the increase in automatic lines 
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is obtained in each of the alternative ways. It would appear 
that, generally, the greatest economy in C.C.I. positions 
would be achieved by adopting the relieving method rather 
than the replacement method, as by so doing the difficulties 
arising in finding space for increases of C.C.I. apparatus 
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racks will be reduced, and the cost of removal of equipment 
from one exchange to another will be avoided. 

Fig. 41 illustrates how the C.C.I. equipment at a manual 
exchange may be kept constant by the removal of territory 
to adjacent exchanges, the traffic capacity of the manual 
exchange being steadily reduced as the C.C.I. traffic per line 
is increased. 

CEDARS MANUAL EXCHANGE. 

FIG. 41. 

It must not be assumed that this conclusion is of general 
application, and each case must be considered on its mer;ts. 
There is, moreover, a limit imposed on the amount of relief 
which can be afforded to an existing area by the provision of 
additional adjacent exchanges, and that limit is reached when 
the area has been reduced to its economic size for future auto-
matic working. In such cases it may be economical to con-
vert an exchange to automatic working a considerable number 
of years before the physical life of the manual equipment has 
been reached. It is, of course, well known that, when an 
exchange is recovered before the end of its life, wastage is 
incurred, and it is an interesting problem to determine the 
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date at which the wastage is at a minimum. If the whole of 
the equipment were installed at the same time then obviously 
the minimum point would be at the end of the life of the 
equipment, but; generally speaking, equipment is provided 
in instalments from time to time and the wastage incurred by 
keeping the exchange in service for a few more years may be 
increased instead of reduced, if the provision of additional 
equipment is necessary in order to obtain the increased life. 

Fig. 42 affords an example, and illustrates how the wast- 
age is increased by the installation of additional equipment 
at 1934. 

EFFECT OF EXTENSION OF EQUIPMENT ON WASTAGE. 

Fig. 43 shows an example of the comparison of all 
variable costs, and illustrates the fact that in this case conver-
sion to automatic working could be justified at an early date 
in preference to the continuance of manual working. 
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In conclusion, I wish to thank numerous colleagues for 
their assistance in supplying data and especially Mr. D. V. 
Wilton and Mr. S. I. Brett for their work in helping to devise 
methods and in carrying out the detailed calculations involved 
in the investigations. 
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APPENDIX I. 

FORMUL1E. 

Let 1' = Principal 

i = Rate of interest 

A. = Amount 

n = Number of years 

a = Amount of LI for year, i.e., 1 + 

Amount of P in n years = A = Pan 

A 

a" 

-*Amount of an annuity Lx 
per annum for n years = x 

( 
 a  
a"

- I 
 -  I  ) 

*P.V. of an annuity of Lx 
per annum for n years = 

x 	I )\a4a - I) = x 

I - a--" \ 
a - 1 

*P.V. of an annuity of Lx 
per annum deferred m years 	x 
and continuing for n years -( 	 a - I 1  

* NOTE.—The payments are assumed to be made at the end of the year. 

i 
100 

Present value of A 	= P = 

) (cc' - a'") 
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APPENDIX II. 

PRESENT VALUE TABLE. 

RATE OF INTEREST 5%. 

No. 
of 

years. 

P.V. of P.V. of 
LI p.a. 

P.V. of £1 
p.a., 	start- 
ing at any 
gix en 	) ear 
and continu- 
ing 	to 	the 
zoth year. 

P.V. of L.  
p.a., 	start- 
ing 	at 	ally 
given 	year 
and continu 
ing 	to 	the 
3oth year. 

I .952 .952 12.462 15.372 
2 .907 1.859 11.506 14.414 
3 .864 2.723 10.6,-,2 13.512 
4 .823 3.546 	9.741  12.651 
5 •783 	4.329 	8.919 11.83 
6 •746 	5.076 8.128 11.036 
7 .711 	5.786 7.385 10.293 
8 .677 	6.463 	6.679 9.59 
9 .645 	7.108 	6.000 8.91 
10 .614 	7.722 	5-3-i8  8.27 
11 .585 8.306 	4.741  7.65i 
12 .557 8.863 	4 1 S9 7.07 
13 .530 9• i94 	3.60o 6.511 
14 .505 

9.899 
	3. 2.067 5.975 

15 
16 

.481 
-458  

io.38o 	 563 
10.838 	2.082 

5.473 
5.000 

17 -436 11.274 	1.',324 4.534 
18 .415 ii.690 1.187 4.096  
19 .396 12.085 •773 3.678 
20 -377 12.462 •377 3.29 
21 •359 12.821 2.911 
22 .341 13.163 2.551 
23 .324 13.488 2.203 
24 .309 13.798 1.875 
25 .295 14.094 1.568 
26 .281 14.375 1.277 
27 :226

558 
14-643 .996 

28 14.898 .730 
29 •243 15.141  .474 
30 .231 15.372  .231 

P.V. of Li 
p.a. increas- 
ing by L 

p.a. 

.952 
2.767 
5.358  
8.648 

12.57 
17.05 
22.02  

1

2633

0 

 692937

3

5  ........ 4442

4

383 3358  
73.66 
80.99 
88.41 
95.89 

III. 
118.486  
126.01 
133.483  
140.925 
148.32  
155.63 
163.867 
17o. 
177.054  
184. 

NOTE.-The payments are assumed to be made at the end of the year. 
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APPENDIX III. 

PRESENT VALUE OF .4.1 P.A. INCREASING BY LI AT INTERVALS 
OF 2, 3, 4 YEARS, ETC. 

Interval in 	years. 
P.V. 	of 	£'i 	p.a. 
increasing 	at 	inter- 
vals over 6o years. 

P.V. 	of 	L1 	p.a. 
increasing 	at 	inter- 
vals over 3o years. 

2 171.6 95.9 
3 117.5 	 66.6 
4 90.8 	 52.1 
5 74.8 	 43.2  
6 63.9 	 37.4 
7 56.2 	 33.5 
8 50.5 	 30.4 
9 46.1 	 28.0 

10 
11 

	

42.6 	 25.9 

	

39.8 	 24.6  
12 37.6 	 23.5 
13 	 35.4 	 22.3 

14 	 33.7 21.3 
15 	 32.2 20.4 
16 	 31.0 19.9 
17 	 29.9 	 19.5 
18 	 28.9 	 19.1 
19 	 28.0 	 18.7 
20 	 27.1 	 18.3 
21 	 26.5 	 17.9 
22 	 25.9 	 17.6 
23 	 25.3 17.3 
24 	 24.8 16.9 
25 	 24.4 16.6 
26 	 23.9 16.4 
27 	 23.5 16.1 
28 	 23.1 15.8 
29 	 22.7 15.6 
30 	 22.5 15.4 
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APPENDIX IV. 

List of multipliers which give the present value of annual 
charges for operating over a period of zo years. 

It is desired to know the present value of annual charges 
for operating due to having one or two exchanges serving 
the same area. 

Let a, b, c, d and e represent the annual charges at five 
yearly periods, for operating the one exchange, and A, B, C, 
D and E the annual charges at the same dates for operating 
the two exchanges (i.e., the A/C for each exchange added 
together). 

OPERATING COSTS 

Second exchange 
opened now. 

Second exchange 
deferred 5 years. 

Second exchange 
deferred io years. 

Second exchange 
deferred 15 years. 

Second exchange 
deferred 20 years. 

P.V. of A/C 
over 20 years 

do. 

do. 

do. 

do. 

A x 1.82 
B x 3.932 
C x 3.084 
D x 2.417 
E x 1.209 

ax 1.82 
b X 2.514 
B  x 1.418 
C X 3.084 
D x 2.417 
E x 1.209 

i

a x 1.82 
b x3.932  
c x 1.968 

C x 1.115 
D x 2.417 
E x 1.209 

( 
a x 1.82 
b x 3.932 
c x 3.084 

1 
 d x 1.544 
D x .873 
E x 1.209 

a X 1.82 
b X 3.932 
c x 3.084 
d x 2.417 
e X 1.209 




