









































quarters exchange is the large number of levels
allocated to dialling-out codes to atford communica-

(d) CIRCUITS IN METROPOLITAN AND NATIONAL AREA

; g : - Rt cToO. HEA.
tion with various Post Office departments in buildings MO F MOF
not directly associated with those buildings in which
Headquarters extensions are provided. In the old o excr MERONAT A
P.A.B.X. the majority of the P.B.X.’s shown on EQuIPT . NEW
Table 4, which is a list of the dialling-out codes, were __JEXsTING cARE ,_gp-E;I;L} equieT.
ordinary numbers on the P.A.B.X., but matters have suB JUMPER RACK
now been simplified by the extensive use of 1 and 2-
digit dialling-out codes. All the P.B.X.’s and
P.AB.X.s in Table 4 have direct access into the b
Headquarters exchange. P.B.X. lines terminate on (BlcimcurTs W €T0. 8 HEADQUARTERS  BuILOINGS
TABLE 4 cro.
MDF
. NEW 1400 PR. CABLE
Dialling-out To ) HEA
Code sus | '™~ sl —~oLD ExcH. EQuIPT. EQUIPT.
5 Stores Department, Studd Street. o
7 National first code selectors.
9 L.T.R. engineering (Waterloo 8000).
B LR MR e (VGRS TR UL WSy BloEne mernovTee
63 Stores Department, Bedford Street. ¢ro. HEA
64 Post Office Savings Bank. | -
65 A.G.D., City Gate House. e NEW 1400 PR. CE‘TB_L;AT
66 L.T.R., Union House (National 1221). AN M HEA
68 L.T.R., Cornwall House (City 2000). S Suet NEwW EQUIPT.
60 ‘ M.O.D., Manor Gardens. o177
81 ! L.T.R., Faraday Building (Central 0101). "L
82 ' Engineering Department, Dollis Hill Research sus P KUMTER
Station.
89 | Stores Department, Mount Pleasant. FI1G.
0 ! Headquarters manual board.
TO ~ Toll. line and cut-off relays and P.A.B.X. lines direct on
IR | Trunks. Ist selectors. The dialling-out codes for toll, trunks,
TE | Telegrams. . . .
TI | Speaking clock. telegrams, speaking clock and engineering faults are
EN Engineering faults. the first two letters of the normal codes used for
| such services in the London director system.
FROM MANUAL BOARD All extension numbers are now four-
JC_GROUPS HOL TANZ PABXS ﬁggre numbers in the 2,000 and 3,000
series. In general the change from the
SECONDARY ¢ FINDERS. old mixed 3- and 4-digit numbering scheme
involved pre-fixing 3-figure extension
| Ve numbers by 2 and changing the first digit
INDERS.  — - == o MANUAL BOARD 9 of the 4-figure extension numbers to 3.
—a—] — B — e — ool It will also be noted that the 35 unit is of
EXTENSIONS | o8 o SELQ'?'%' T QE:’__:=::L“‘“ st capes 2 to 10 P.B.X. type to cater for small
LN RES" | mm—am 3O0CUTLEY == SO w1 STUDDST.STORES P.B.X.’s which may be terminated on
—a— p— the Headquarters exchange. Level 7
- —— | — | - = provides access to the director area, the
1234 (M8) circuits of this level being connected
direct to 1st code selectors on National
exchange into which the 7-digit director
area number is dialled. With regard to
incoming traffic from the director area all
calls for Headquarters from director ex-
changes are routed via a level in Holborn
Tandem exchange, and 92 circuits have
been taken from this level to 1st selec-
100 OUTLET. 100 OUTLET, tors in the Headquarters exchange. If the
r_;' m |°l lel caller knows the extension number he
391 TR O e S OO AR XS B T s measanr, AN ODtain the extension direct by
CoND. 28 b—E = . TS CORMALL K88 e TRUNKS dialling HEA followed by the 4-digit
SEL 26| em® -~ 36 =mmENG GSEEMLYS UNION HSE — - . . R
i s T I—R 151,-2'10 G5 wmmA C.D LEONARD €T extension number; if the extension
s N Em o 3“;=s¢oafss§c‘o"r'z§aos°‘-“” ber i t k th ler dial
FEN R EAREGCg TR number is not known the caller dials
L.amm o 3cmm . ¢/ammA GO TELE.FSE.  6lemmm LTS FARADAY BLOG

o

F16. 8. —TRUNKIUG DI1AGRAM OF THE NEW ExcCH

ANGE.

HEA 1234 and the call is routed from
level 1 of 1st selectors to the manual
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board, the digits 2, 3 and 4 being dissipated in the
manual board relay set.

Opening Arrangements.

To enable the extensions of National 6321 to be
routed to the new Headquarters main frame a new
1,400 pair tie cable was provided between the frame
of Official Switch located in the basement of the
Central Telegraph Office and the frame located on the
third floor of Wood Street building.

The jumpering and teeing arrangements between
the MET-NAT and HEA frames are shown in Fig.
9 (a) and the tees on the C.T.O. frame are shown in
Fig. 9 (b). Some of the circuits from C.T.O. were
re-routed to bring them via MET-NAT frame and are
shown in TFig. 9 (c). The need for the three fore-
going schemes was due to the lines existing on
NATional 6321 being distributed to various buildings
and other areas in the Region which were served by
cables terminating either on the C.T.O. frame or on
the frames in the Wood Street building.

Method cf Tvansfer.

The transfer was effected by inserting wood wedges
into the protectors on the C.T.O. main frame to dis-
connect the lines from the losing exchange equipment
and the withdrawal of the wedges from the protectors
on the Headquarter main frame to connect the lines
to the new equipment. This operation was com-
pleted satisfactorily in under 4 minutes as compared
with 20 minutes taken 27 years ago at the original
opening of Official P.A.B.X.

Immediately following the change-over the usual
tests were carried out on every circuit from the test
final selectors and were completed in 40 minutes with
satisfactory results. In addition to the tests from
the test final selectors, over 100 telephones were
actually tested by visiting engineering officers who

passed calls from each instrument to the testing
telephones and so verified that the new exchange
equipment was working satisfactorily. These visits
were considered necessary on account of the many
offices not being staffed on Saturday afternoon. All
the instruments not visited were tested by the
traffic staff on the following Monday morning by
passing calls to each instrument in the usual way
from the testing telephones.

Change-over keys were also operated at the time of
transfer at Holborn Tandem exchange, Cornwall
House P.A.B.X. and at the Stores Department,
Studd Street P.A.B.X. The keys were necessary to
bring into service the new junctions to Headquarters
exchange, the level at Holborn Tandem being con-
nected to N.U. tone temporarily to obviate calls
being routed prematurely into the new equipment
before its opening.

A new directory was issued to coincide with the
transfer, but it was considered necessary, owing to
the change of number from NAT 6321 to HEA 1234,
to continue staffing the NAT 6321 manual board for
a period after the transfer. In this manner callers
were advised of the change of number.

Conclusion.

No attempt has been made in these notes to
describe details and equipment, but it is hoped that
the main points of interest have been covered. The
photographs will be useful for comparison between
the original and present types of automatic equip-
ment used by the Post Office. Thanks are due to the
Photographic Section of the Editorial Branch,
Engineer-in-Chief’s Office for taking the photographs
and colleagues in the L. T.R. for supplying information
on the various stages of growth of the Official Switch
exchanges.

TELEGRAPH AND TELEPHONE PLANT IN THE UNITED KINGDOM
TELEPHONES AND WIRE MILEAGES. THE PROPERTY OF, AND MAINTAINED BY
THE POST OFFICE IN EACH REGION AND ENGINEERING DISTRICT AS AT 30Tta JUNE, 1939.

OVERHEAD WIRE MILEAGES ‘ . UNDERGROUND WIRE MILEAGES

Number of -| Region e

Telephones | : or . ‘ Telephone Spares
Telegraph | Trunk Junction |Exchange®; Spare District | Telegraph | Trunk | Junction} | Exchanget|———— - ——
| : Trunk | Junction}
1,190,793 324 502 1,456 58,057 | 5,688 | London 24,703 317,350 974,036 | 3,288,781 126,380 279,068
150,749 1,350 976 10,124 58,732 | 12,977 ; S. Eastern 6,027 141,284 ,016 399,110 756,558 24,616
181,933 1,737 7,693 24,190 120,932 16,040 | S. Western 19,693 146,562 17,719 373,972 82,154 25,308
129,203 2,082 8,808 21,195 90,081 21,5616 | Eastern 7,645 176,014 23,468 | 272,130 135,198 29,507
148,328 2,338 7,904 18,373 77,735 29,530 | N. Midland 9,419 234,822 25,398 310,876 120,128 28,024
166,785 1,244 4,254 15,826 82,781 | 20,805 | S. Midland 10,881 207,542 41,047 419,772 68,802 38,323
86,386 952 4,077 16,429 61,080 11,562 | S. Wales 6,156 93,572 18,811 164,536 73,576 20,249
219,320 1,608 8,750 22,018 94,204 | 18,487 ! N. Wales 12,156 246,572 108,352 465,346 137,738 43,034
360,194 330 2,334 7,786 76,255 | 20,204 ;| N.W.Region 16,373 275,182 132,168 992,608 183,040 69,484
42,505 1,810 6,736 6,590 20,286 ‘ 1,745 | N.Ireland 1,904 16,154 7,956 : 91,408 24,310 5,076
308,045 3,698 10,827 21,676 107,818 30,756 | N.E. Region| 18,239 290,520 80,934 751,920 205,968 52,728
284,301 4,735 21,671 31,750 111,439 29,820 | Scot. Region 12,743 238,020 43,094 563,217 189,464 44,540
3,268,542 22,208 84,432 197,413 959,400 219,130 145,939 | 2,383,594 | 1,499,499 | 8,093,676 | 1,422,316 ‘ 659,957

Totals as at ! \

3,218,704 26,100 91,950 203,868 934,794 210,935 |31 Mar., 1939 140,927 | 2,349,598 | 1,446,804 & 7,970,602 | 1,260,656 | 624,611

* Includes low gauge spare wires, i.c. 40 lb.

¥ Includes all spare wires in local underground cables.

1 Wholly junction cables.
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The Financial Effects of Recent Reductions

in Telephone Charges (Inland Serwce)

U.D.C. 654.15.013.2 : 654.15.031.8

H. TOWNSHEND, s,

Accountant General’s Dept.

The author shows how the financial effect of a rate-cut is measured, gives details of the principal rate-cuts of 1934 and
1936, and estimates their net financial effect.

THE MEASUREMENT OF THE FINANCIAL EFFECT OF
A RATE CuTt.

HE financial effect of everything that the

I telephone administration does is to be seen
in the published commercial accounts of the
telephone service, especially in the overall figures
each year of expenditure on income account, of
revenue and of the surplus; but the accounts
inevitably lump together the results, not merely of
the rate reductions which have been made, but of all
other decisions made by the administration—for
example, changes in wages and in technical methods—
and also the results of a good many independently
determined decisions of people not concerned with
the telephone administration. If business men feel
that times are good, still more, if they think times are
improving, and launch out optimisticallv into
spending on projects which they think will bring in
profits to them later, or if the Government launches
out in projects involving loan expenditure, in other
words, if the total rate at which money is being spent
increases for any reason, people’s incomes go up,
and they proceed to spend more money on telephone
service, which has in cffect become cheaper to them
even if the charges remain the same. The converse
process need not be exemplified as it is only too
familiar. This kind of thing, which has in fact
happened on a huge scale within the last few years,
reflects itself immediately and vigorously in the
telephone commercial accounts. Other factors also
influence the position, especially in the short run.
Consequently, if the results of the commercial
accounts since 1934 are reviewed (Table 1), and it is
taken for granted that their vagaries represent the
results only of the reductions in rates which have
been made during that period, one can be led to

TABLE 1.

COMMERCIAL ACCOUNTS—TELEPHONE INCOME
AND EXPENDITURE

\

\ \ i Surplus
Year Telephone Telephone (excluding
Income ‘ Expenditure Interest on

Capital)

l £ | £ | £

1930-31 | 22,844,000 | 22,501,000 ‘ 343,000

1931-32 23,569,000 ‘ 22,997,000 572,000

1932-33 24,440,000 24,030,000 410,000

1933-34 25,921,000 24,528,000 1,393,000

1934-35 27,046,000 25,361,000 1,685,000

1935-36 28,929,000 26,802,000 ; 2,127,000

1936-37 30,950,000 29,478,000 1,472,000

1937-38 32,649,000 32,220,000 429,000

*This article was originally prepared as a Paper read before
the Post Office Telegraph and Telephone Society in
April, 1939.

conclusions which it is quite easy to show to be
absurd.

The main rate-cuts were made in 1934 and 1936.
It seems incredible, but there are people who take the
simple view that the rapid increase in the telephont
surplus after 1934 was neither more nor less than the
result of the stimulating effect on the growth of the
service of the 1934 rate cuts. Still more incredible,
there is a tendency among the same simple souls to
point to the fall in the telephone surplus since 1936,
shake their heads, and deprecate the rashness with
which in that year the telephone administration gave
away public money in reductions of charges. Of
course, that kind of thing is just silly. Anyone ought
to be able to see that the telephone surplus would
certainly have increased after 1934, with other
profits, and would probably have fallen after 1936
with other profits, even if the charges had been left
quite unaltered. The question is by how much ?
How much better off, or worse off, is the Post Office
than it would have been without the rate-cuts ? And
since there is no possible way, if one looks at the
commercial accounts alone, of distinguishing between
the effects of the rate-cuts and the effects of other
factors, that kind of talk leads nowhere. There is
another obvious difficulty, namely, that the com-
mercial accounts do not separate the profits on those
parts of the service which have been made cheaper
to the user, from those on other parts the charges for
which have remained unchanged. To measure an
effect one must isolate it.

There are two ways of proceeding which may be
called the analytic and the synthetic way. So far as
is possible both are used, and examples of each will
be given.

The Analytic Method.

The analytic method proceeds in the following
manner. When the price of an item of telephone
service is reduced, the financial effect is composed of
three factors. These three factors always operate,
in greater or less degree, and no other factors influence
the financial effect—at least initially. Iirst, a certain
amount of revenue from existing business is sacrificed
Existing customers pay the new rates for this businest
instead of the old rates, and the service has to do
without the aggregate difference. This amount can
be calculated by simple arithmetic and is known to
the Post Office beforehand. It represents simply a
transfer of income from the Post Office to a section
of the public. Secondly, the lower charges call forth
a certain amount of new business. This may come
either from old or from new customers. Its value
represents an addition of income to the Post Office
(though it does not follow that there is a corresponding
loss of income to the public—that depends on what
the Post Office does with the money; but that is
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outside the subject of this article}). This figure can
only be estimated beforehand. One might suppose
that after the event it could be calculated with
certainty, but a little reflection will show that this is
not so. After the change it is known exactly what
the revenue from the part of the service in question is,
but it is not known what it would have been if the
charge had not been cut, and it is the difference
between the two that constitutes the figure required.

There is another important point to be noted here,
about the amount of new business induced by a rate-
cut. It concerns the time factor. Obviously the
amount of new business induced by a rate-cut is not
likely to accrue all at once. This new business may
be appreciable from the outset, if the cut is a striking
one and gets good publicity, or it may be quite small ;
but it may be expected to grow, at least for a time,
until the public gets used to the new charges and
settles down to them—until it has made up its mind,
so to speak, how many calls or telephones or whatever
it may be that it wants at the new price. As a rule,
several estimates are made of the induced business
accruing from an important rate-cut at various
intervals after the change. One might suppose that
this could be repeated until a stable figure was
reached, which one could be fairly sure measured the
induced business correctly ; but here the old difficulty
is met again. The induced business at any time is the
total volume of business less that which would have
been secured without the rate-cut. But, as has been
pointed out in connection with the commercial
accounts, other factors besides the charges affect the
volume of business ; and some of these factors are
varying all the time. After a couple of years, or less,
it is apt to become quite impossible to measure the
induced business at all, since it is no longer prac-
ticable to make a reasonably accurate guess at what
the volume of business would have been if the rate-
cut had not been made. Thus the measurement of
this second factor, the induced revenue, is a tricky
business, and the result is always to some extent a
matter, not of fact, but of opinion. But this does
not mean that all opinions are equally likely !

Then there is the third factor to be assessed. This
is the cost of handling the induced business, and is
doubly speculative. It can only be reckoned by
assessing the cost of handling an additional unit of
the business (a trunk call of the type in question, a
residential telephone, or whatever it may be that has
been reduced in price) and then multiplying this cost
by the volume of the induced business. But, as is
explained above, this volume is speculative. Then the
assessment of the cost of handling a unit of additional
business is itself a process open to much doubt. The
average cost of handling a unit of business is or should
be known, though even the measurement of this is not
without its difficulties, as will be seen later. But
there is usually no reason at all to suppose that the
cost of handling additional business will work out
to be the same as the average figure. It may be
handled at less than the average cost, in which case
the rate-cut will reduce the average cost of handling ;
or it may cost more than the average, in which case
the cut will increase the average cost of handling. In
point of fact, it is extremely important to take this

166

factor into account because the administration tries
to choose rate-cuts in such a way as to reduce the
average cost of handling. That is, types of business
are selected for rate reductions (allowing for other
considerations of policy which have to be taken into
account) in which it is believed that the cost of
handling additional business will be less than the
average cost per unit. One of the objects of trying
to measure the financial effect of the cut is to see if a
reduction in the average cost per unit has been
obtained (in which case further reductions in the same
direction may be made when conditions permit), or
whether a mistake has been made (in which case the
next rate-cuts ought to be made elsewhere). In
attempting to assess the average cost per unit, the
time factor comes in here too. In this matter of
financial effects, static figures purporting to show the
position at a particular date are never enough to
get at the root of the matter; the concern is essen-
tialiy with a moving picture of trends, which are
elusive things.

The analytic way of assessing the financial effect of
a rate-cut then amounts to this : the loss of revenue
on the existing business affected is calculated ; the
volume of the new business induced by the cut is
estimated, and hence its revenue value at the new
rates is determined ; finally, the cost of handling this
induced business is estimated. These are three
separate computations. Then the net loss caused by
the cut is measured by subtracting the second figure
from the first and adding the third. Thus the net loss
incurred equals the loss on existing business, less the
revenue from induced business, plus the cost of
handling the induced business. If this works out
negative the financial effect has been a net gain.

The Synthetic Method.

The synthetic method looks quite simple, as it
consists just in measuring the profit on the particular
service affected before and after the cut, and watching
its subsequent trend. This is done by measuring the
average revenue and the average cost per unit of
service. The difference between these is the average
profit per unit of service. Then the profit is deter-
mined by multiplying the average profit by the
volume of business which, when measured after the
cut, naturally includes the induced new business.
This evades the awkward problem of measuring the
cost per unit of additonal business, as distinct from
the average cost per unit of the existing business.
As will be seen at once, this procedure really begs the
question, since it makes no allowance for any changes
in the profit per unit of business which may have
been brought about by causes other than the rate-cut.
Nevertheless, if done soon after the change of charges
is made (that is, before the other causes affecting
profitability, which in general are continuous and
more or less gradual, have time to make much
difference compared with the sudden effect of the
rate-cut), it gives the best possible measure of the
initial effect of the cut. Also it is obviously useful in
itself to know how the profitability of any particular
type of service is varying, even if one cannot be sure
how far the variations are due to rate policy and how
far to other causes.



RECENT IMPORTANT TARIFF REVISIONS.
Table 2 is a list of the reductions in charges which
will be discussed. These are only the main rate-cuts;

TABLE 2.
EsTIMATES OoF GrRoss REVENUE CONCEDED ON
Ex1STING BUSINESS AT THE DATES OF RECENT
IMPORTANT TARIFF REVISIONS.

| Gross Annual
Date Revenue
of Description conceded on
Revision existing
business
. A . . £
1.10.34 | Cut in business tariff and introduc- \
tion of business small user tariff : 474,000
1.10.34 | Cut in residence tariff 780,000
1.10.34 | Trunk charges cut on calls over 100 \
miles (including introduction of
Is. night call and of a maximum |
day rate of 4s.) .. .. o 500,000
1. 536  Trunk charges cut (largely on
morning calls over 35 miles:
maximum day rate of 2s. 6d.) .. 600.000
1.10.36 : Residential subscriber’s tariff—350 |
; free calls .. L 562,000
1.10.36 ; Cut in business standard tariff 416,000
1.10.36 ‘ Cut in business small user tariff 76,000
Total annual revenue transferred
to the public initially. . £3,408,000

a number of minor ones, the effect of which is
measured in the same way, will not be dealt with as
they are of much less importance to the general
financial position of the telephone service.

The table shows the gross
revenue given away on the
business being done at the
time of the change, in each

public initially amounts in round figures to £31
millions. This money has really been given away.
It is not a hypothetical figure, such as that sometimes
quoted, of the extra amount the public would have to
pay now for their telephone service if the rates had
not been cut. Such a figure would be much greater
and is not given here, for no effective answer is seen
to the criticism that it would be fictitious. If the rates
were higher than they are, there would be fewer
subscribers and fewer calls, so that the public would
not in fact be paying the amount in question, but this
£34 millions is a real figure. Returning to the com-
mercial accounts (Table 1). it will be seen that there
has never been a surplus of anything like this amount.
Yet this money has been given away and there is
still a surplus. The explanation turns partly on the
other factors governing the financial effects of rate
cuts, namely the value of the new business induced
and the cost of handling it, but it will be seen that
these factors only give a partial explanation.

Table 3 shows the net financial effect of the rate-
cuts, in each case during the first 12 months of their
operation, as measured in the analytic way. The
1934 cuts, which are now too far distant for very
detailed analysis to be useful, have been grouped
together because their effects have become merged
in the effects of other causes, some external to the
Post Office and some internal, the latter including
the later rate cuts (of 1936). The figures in Table
3 inregard to these 1934 cuts go back to the year ended
September, 1935. The cuts in the standard business
tariff and in the small user business tariff which were
made together in 1936 have also been grouped together.

Column (1) shows the initial loss of revenue on
existing business—the same figures as before, with one
adjustment (namely the inclusion of the minor
changes made at the same time—these are included

TaBLE 3

EsTIMATES OF NET ANNUAL CosT OF RECENT IMPORTANT TARIFF
REevisioNs IN THE FIRsT FurL YEAR OF THEIR OPERATION.

case. This is only the first |

T @ ()—(2+@)

factor in the financial effect, ‘ i

. |
as measured by the analytic Dafte Descrin Gross Revenue | Cost of |
method, and is given here by R ot escription Revenue | from new | handling | Net cost
itself, not as a measure of the evision conceded | business | induced
financial effect but as an initially 1 induced business
indication of the order of im- ] £ £ : £
portance of the various major 1.10.34 ‘ All concessions made on that | per annum | per annum | per annum |per annum
cuts. Asstated above, what- : date (including  minor '
ever the other effects, the changes such as cut in
initial loss of revenue on exist- HMI. charges and im-
Initia position connection

ing business is the amount of

i

chargeson new subscribers)

1,850,000 1,169,000‘ 560,000 | 1,241,000

income transferred immedi-
ately by the cut from the

1.5.36 | Trunk Call reductions (2s. 6d.

600,000

Post Office to the public,
whether the public chooses to
take its benefit out in cash

maximum day rate) 280,000 40,000 | 360,000
1.10.36 | Fifty Tree Calls to residen- | |
tial subscribers .. | 562,000 | 323,000 348,000 | 587,000

or in more (induced) telephone

1.10.36 | Business rental concessions

service. (standard and small user

It is worth examining these tariffs) 495,000 60,000 48,000 | 483,000
figures in this light. Tt will | | | | ,,,
be seen that the total annual Total net cost .. | £2,671,000

revenue transferred to the
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because the corresponding figures for the other columns
are not all available separately). Column (2) shows
the estimate of revenue from new business attracted in
the first year. Column (3) gives the estimates of the
cost of handling this induced business; and finally
column (4), the entries in which are obtained in each
case by subtracting the entry in column (2) from that
in column (1) and then adding the entry in column (3),
gives the answer, obtained by this method, to the
question, what was the financial effect of the cut ?

It is proposed, at this point, to comment in rather
general terms on these figures, and later to go in more
detail into the figures for two of the rate cuts, viz.
the 1936 50-free-call concession to residential sub-
scribers and the reductions in the trunk call charges.
Iirst, as regards the total net effect of all these
important rate reductions. According to these figures,
the Post Office has given away in effect over f21
millions a year net in the last 5 years in reduction of
charges, out of a surplus which has never at any time
reached £2 millions a year. How was this conjuring
trick performed ?

Probably the reader’s first reaction will be to
question the figures. The figures—at least those
in columns (2) and (3)—are certainly only approximate
estimates. They may well be considerably out.
Some of them are criticised below, and they should
be read in the light of these criticisms, but the
biggest figures are those in column (1), which cannot
be far out, since they are the result of applying simple
arithmetic to the figures of the business actually
done at the time—numbers of trunk calls, of residen-
tial and business lines etc., and there is no scope for
serious error there. The total net effect (sum of
column (4)) is indeed about a million pounds different
from the measured total of column (1), which has
been discussed. But even if columns (2) and (3) are
largely out, their difference will only be wrong to a
comparatively small extent. (If, for example, the
amount of induced business has been exaggerated
probably also the cost of handling it will have been
exaggerated, and vice versa). It is this difference
which enters into column (4). Even if, after all, this
difference is 25 per cent. out, that error would amount
to only a quarter of a million pounds in the aggregate,
and the total financial effect as measured in this way
would still be a net annual loss of an amount bigger
than any surplus the Post Office has ever had to lose.
The conjuring trick can’t be exposed by questioning
the figures. The answer is that it has been done, as
conjuring tricks usually are, by the engineers.
Technical progress has rapidly reduced the cost of
handling a unit of business. When this happens,
the cost of handling new business is less than the
average cost of handling all the business ; that is to
say the telephone service is operated—at all events a
considerable part of it—under conditions of what the
economists call ““increasing returns.” This is not
universally true of telephone business, but it was true
of the bulk of the business at the time and place
under review. This is partly allowed for, it is true, in
the figures of column (3), but only in so far as the new
business was estimated to have been induced by the
rate cuts. Now there has certainly been a lot of new
businessin addition to that so induced. The telephone
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service has expanded every year for nearly twenty
years back, and would certainly have expanded in
every one of the last five years, even if the charges
had not been cut—though not by so much. Thus,
at least on an average over a period of years, the
engineers are increasing the surplus for the Post Office.
By cutting the charges the increase has partly been
given awayto theusers; the Post Office is letting them
have at least the greater part of the benefit derived
from the increasing technical economies effected.
On the other hand, if this had not been done, a good
part of those economies would not have been realised.

This point will be put more concretely taking trunk
calls as an example. Modern transmission methods—
cables replacing overhead wires, loaded cables of
light gauge replacing unloaded ones of heavy gauge,
the use of phantoms and of carriers, etc.—ecnable
additional traffic to be carried, provided there is
enough ¢f it, more and more cheaply. Rate cuts
increase the volume of traffic; thusthey pay for them-
selves partly ; and in so far as they do not, they are
paid for out of the technical economies realisable
anyhow in the growing service. But if the rate cuts
had not been made the cost of handling trunk calls,
per call, would now be higher than it is; either the
laying of economical modern cables would have had
to be restricted for lack of traffic to fill them ; or
when laid, they would have remained so lightly
loaded that the economy of using them would have
been swallowed up by the cost of the idle channels.

The Financial E ffects cf the 1934 Cuts.

Returning to the figures in Table 3 and considering,
first, the 1934 cuts as a whole, it will be seen that the
induced business was very large and that the estimated
cost of handling it was relatively very small, amounting
only to about 50 per cent of the revenue it brought in.
The new business induced was large for three reasons
First, because the cuts—they are shown in detail in
Tables 4 and 5—were concentrated to a considerable
extent in two fields—residential subscribers’ rentals
and long-distance trunk call charges—where there was
latent demand waiting to be tapped; secondly
because they were driven home to the public concerned
by intensive publicity ; and thirdly because they were
made at the right psychological moment, very soon
after people had begun to realise belatedly that the
country was emerging from the depth of the 1929-32
trade slump. DBusiness was already fairly good, and
was getting better ; the country had just got over a
curious temporary setback which occurred in the
summer of 1934 ; everyone with money felt like
spending, and a good many people had rather more
money to spend than for several years previously.
The Post Office, and especially its telephone service,
was in the air—anyhow it was in the films and the
press—and the new spenders spent a good deal on the
telephone wares which were offered them with the
bait of *“ cut prices.” That is why the induced business
was large.

It was relatively cheap to handle for two reasons.
First the technical conditions which make and keep
the cost of handling additional business below the
average cost of handling existing business. Secondly,
the Post Office had unavoidably accumulated a good



TABLE 4.

ExcHANGE LINE TARIFF REvisions oF 1.10.34 anp 1.10.36.
QUARTERLY RENTALS—LONDON AND PROVINCES
(In the Four Large Cities an intermediate rate
applies throughout.)

i Before | 1.10.34- After
| 1.10.34 | 30.9.36 | 1.10.36
LoNDON —
‘g s. d.| £ s. d.| £ s d
Business Standard : |
Exclusive Line .. .12 0 0118 01115 6
Auxiliary Line ‘ 115 0/113 0 1 8 O
Business Small User ! — 112 01 9 6
+Surcharge | +Surcharge
Residence : ‘ .
Exclusive Line 112 61 6 0 160
ncl.
‘ ‘ F(reedCasllos)
Auxiliary Line .. .. 110 0/1 3 6/1 3 6
|
PROVINCES 1‘{ s. d. | £ s, d | £ s d
Business Standard : |
Exclusive Line .. .. | 115 0/112 0. 1 9 6
Auxiliary Line .. ..;110 01 7 0|1 2 0
Business Small User o — 1 6 0/1 3 6
| +Surcharge | + Surcharge
Residence : i
Exclusive Line .. .17 6} 001 0O
! . (Incl. so
(Free Calls)
Auxiliary Line .. .11 5 01017 6:017 6
! |

deal of spare plant-capacity during the trade depres-
sion just preceding, when demand for telephone
service, as for anything else, was slack, and so could
carry quite a lot of additional business, by just taking
up the spares, at much less than average cost. This
process of taking up spares is not, of course, permanent,
like the effects of technical progress. When the extra
spares are all taken up, if not before, new plant must
be put down and the cost of handling the additional
business which has been attracted reverts, as it must,
to a higher level. But this higher cost is still at the

TABLE 5§

ReDpUcTIONS IN TRUNK CaLL CHARGES OF 1.10.34

CHARGES FOR A 3-MINUTE CAL

(The only alteration as regards calls under 75 miles was that after 1.10.34 calls in the period
5 a.m. to 9 a.m. were charged at afternoon rates)
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level corresponding to the more efficient new types of
plant provided when the spares ran out; that is to
say, it is still below the average cost. Moreover, the
new business is increasing all the time. So the position
in 1934 was that the exceptional spare plant position
gave temporary help in financing the large initial
loss of revenue, due to the rate cuts, on existing
business. After that the Post Office had to rely
on a more normal rate of profit on its growing new
business. In other words, it had to rely onits fortunate
technical position of operating under conditions of
increasing returns. The course of the commercial
account surplus showed that it was right in reckoning
that it could safely rely on this factor, but this was
only so because of the technical economy realised by
using, and using on a large scale, plant of the new and
more efficient types which the engineers had made
available. It is desired to stress the way in which a
progressive rate policy fits in with technical progress.
Either without the other is stultified.

This leads to another point. The 1934 cuts had the
benefit, not merely of the steady progress of technical
economies—those are still going on—but also, as has
been pointed out, of the ‘ super-margin ”’ (to use a
phrase of Sir Henry Bunbury's) of spare plant. The
1936 cuts had the former but not the latter. The
super-margin is of no financial help in the long run;
but it is a very present help in the short run. That is
one important reason why the short-run effects of
the 1934 cuts were better than the short-run effects
of the 1936 ones. But it does not follow that the long-
run effects of the 1936 cuts will be less favourable
than those of the 1934 ones—it is too soon, of course,
to tell.

Financial Effects cf the 1936 Cuts.

It will be seen that in 1936 the Post Office gave away
between £11 millions and £1$ millions of revenue on
existing business. (Column
(1) of Table 3). It got back,
in the first year, some
£660,000 of revenue from
induced new business—this
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7 a.m. g
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AFTER REVISION

time only a little over one
third of the revenue given
away, against nearly two
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125-150 3 6 2.9 19 | } tive for reasons given below.
30 26 | 10 2 6 Altogether a much less

150-200 ‘ | : ' >
4 6 3 3 2 3 immediately profitable affair
200-250 | than the 1934 cuts, viewing
-3 6 3 0 1 0 3 0 each of the two sets of rate
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Each addi- i | was something like this.
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new business were, first, the choice of the services in
which the cuts were made, secondly, the intensive
publicity they were given, and thirdly, the improving
state of trade and incomes generally. Now in
1936, one of the cuts—amounting to nearly one-third
of the whole in financial importance, was not
chosen with a view to bringing in induced new
business. It was made for reasons of policy, although
it was not expected to bring in any material
new business. This was the reduction in the
standard business tariff rentals. This particular
rate cut was not expected to have much other
financial effect than to benefit the existing business
users, and it had just about the effect expected.
It is honest to mention here that the administration
did hope for some response in the way of additional
subscribers from the cut in the small business user
tarifi—a tariff which had met with quite a good
response when it was first introduced in 1934. In
fact the response in this field in 1936 was disappoint-
ing ; but the service is a relatively small one, and not
of over-riding financial importance ; about 23 per
cent. of the business subscribers are now on the small
user tariff, but this represents a much smaller propor-
tion of lines and of revenue.

The other two cuts were the 50 free calls to
residential subscribers and the trunk call reductions
(Table 6). These cuts were, as rate reductions usually
are, designed to secure new business, and as will be
seen from the figures they did secure it to a satis-
factory extent, but not to the extent of the cuts of
1934. The reason is that the position in 1936 was
less exceptionally favourable in regard to both the
other factors which govern the volume of the new
business induced by rate cuts.

Business and incomes were, it is true, still well on
the upgrade ; the recession did not begin till about
midsummer 1937, and it may safely be assumed
that it hardly affected the figures here given, which
relate, as has been emphasised, to the first year of the
operation of the rate cuts, but neither the nature of the
cuts, nor the moment, were so psychologically oppor-
tune asin 1934. There was a good press ; but the half-
crown maximum for day trunk calls, and even the
50-free-call concession to residential subscribers, were
definitely less sensational than the Is. night trunk
call. Besides, a second set of big Post Office telephone

TABLE 6

REDUCTIONS IN TRUNK CALL CHARGES OF 1.5.36

CHARGES FOR A 3-MINUTE CALL

(There was no reduction on calls of 15-35 miles)

rate reductions was in the nature of things less
striking as front-page news than the first one, only
two years earlier. Nevertheless, if one takes only the
two cuts intended to produce new business, the trunk
call charge reductions and the 50 free calls, it will be
seen that they succeeded in this object to a very
substantial extent. Taking them separately, the trunk
cuts, giving away £600,000 of revenue on existing
business, brought in new business in the first year
to the value of £280,000; and the 50-free-call con-
cession, giving away only £562,000, brought in no less
than £323,000 in the first year. It was the cost of
handling the new business, particularly of handling
the new subscribers brought in by the 50 free calls
(for it proved to bring in new subscribers rather
than additional calls), which was the relatively
unfavourable factor. The effect of the 50 free calls
is examined in more detail later.

THE REDUCTIONS IN TRUNK CALL CHARGES.
The Shilling Night Trunk Call.

Table 7 shows the actual cuts in the night charges ;
thev affected only calls over 75 miles in distance and
increased progressively with distance. Since this is
an article on financial effects, no detailed traffic
figures will be given ; all readers will know that the
result was, as anticipated, a proportionately enormous
and permanent growth in the volume of long-distance
night traffic.

TaBLE 7.
THE 1s. NigHT TrRUNK Carr (1.10.34).

‘ Old Rates for a ‘ New Rates for a

Miles 3-Minute Call i 3-Minute Call
(7p.m.-7am) ‘ (7 pm.-5a.m.)
s. d. s. d.
75-100 ‘ 1 3 1 0
100-125 | 1 6 1 0
125-150 1 9 1 0
150-250 2 3 1 0
250-350 | 2 9 1 0
350-450 ‘ 3 3 1 0
Etc. —+ 6d. per 100 miles 1 0
or part thereof (max'mum rate)

For the financial effect, the results can best be
shown by the synthetic method because the effect
of the rate cut was rapid and out of all proportion to
the effect of any other factor.
Since it became necessary
to provide lines on a number
of the longer routes to cater

BEFORE REVISION

AFTER REvVISION

for the night peak (after
7 p.m.), it was felt necessary

. ‘ T T T to keep a specially close

Mires 9a.m. |5am.to9am. 7 pm. 9am. '5am.to9am. l 7 pm. tch p th }) 'yl .
to2pm.|2pm.to7p.m. toSam. to2p.m. 2p.m.to7 p.m. to5am. “{a chon € 1'nanc1a p,051_

— : tion of the night service.

s d. | 5. d. s. d. s. d. | s. d. 5. d. Obviously, the 1s. rate does

lg%-{g% 8 ‘;3 8 g 8 g ilo 3 | 0 3 0 3 not cover, andis not intended
12}-15 0 5 0 4 03 "0 4 0 4 L0 4 to cover,'the cost of line-
35 -50 1 6 1 0 09 1 3 1 0 09 plant. It isan off-peak rate,
50 -75 | 2 0 1 6 1 0 1 6 | 1 6 10 designed to attract fill-up
l;g ;gg ! :2; g g ?3 { 8 2 0 | 20 10 traffic; that is to say, it is
200 -300 | 3 6 3 0 1 0 Lo ¢ 9 6 1 0 based on the assumption
over300 4 0 3 6 10 (maximum rates) that, by and large, the

| | i

morning peak is the biggest
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load and governs the provision of line-plant, so
that any excess of revenue from night calls over
the cost of operating them is profit. The problem
was to make sure that, on an average over the country,
this was still the position. On some individual routes
it obviously is not ; but the trunk tariff, and indeed
our telephone tariff generally, is designed, not to
fit places individually, but in relation to the average
conditions over the country. Therefore, after the
introduction of the 1s. rate, the demand night calls
were costed separately, taking into account not merely
the operating costs, but also the full plant cost of all
lines and exchange positions put into service specially
for the night trafhc. This was a conservative basis,
for the following reason. The additional plant taken
up to cater for the night calls on routes where the
night peak is heavier than the day peak consists of
spare lines and positions, and the immediate cost
of bringing these into service is very small. But the
margin of spare lines, repeaters and exchange equip-
ment is reduced and this brings nearer the time when
new cables, etc., will have to be provided. These
accelerations will be repeated on each occasion when
new plant is required in the future on the routes or at
the exchanges concerned ; and the costings assume
that the present value of the cost of these accelera-
tions is equivalent to the full annual charges on the
additional plant taken into use. This, however, is only
accurate if one ignores future technical economies
which may have taken place before the new plant is
actually wanted. Thus the administration ismeasuring,
in respect of the plant used, not the actual cost of the
rate cut but maxima which may never be reached.
Moreover it is sometimes possible, by patching
together shorter circuits on which the day load is
greater than the night load, to make up long circuits
at night on routes where the night peak exceeds the
day peak without providing any additional plant for
the night load. This last source of economy, which
has proved so far disappointing, is also ignored in the
calculations. It is also important to note that the
figures for the various post-revision rates shown in
Table 8 do not represent variations in the cost with

TaBLE 8.

Cost AND REVENUE PER CALL oF NIGHT DEMAND CALLS.

(RouGHLY THE l/- CaLL).

time ; the differences are due to errors of sampling,
and what is significant is their broad average. They
show a satisfactory overall margin of revenue over
cost.

The net financial results of the introduction of the
shilling night trunk call have therefore been these :—
First, immediately after the cut, the Post Office
was carrying roughly three times the former volume
of traffic at about one-third the profit per call—that
is to say, at about the same total long-run profit.
(The short-run profit was of course, higher.) So the
public was able to afford three times as many evening
long-distance calls as before, and the Post Office
did not lose a penny, even in the first year. Secondly,
the practice of using the trunk service in the evening
has now become an established habit among the
British public—a habit which did not exist at all before
1934—and the Post Office is catering for this habit on
a remunerative basis. Thirdly, a little extra money
was made temporarily by filling up some of the
exceptionally large margin of plant which was lying
idle at the time.

The Reductions in Charges for the Day Trunk Call.

The story of the charges for day trunk calls is
really only intelligible if one considers the 1934
and 1936 cuts together, since they were successive
steps in a long-term policy.

It will be seen from Table 5 that the 1934 cuts were
concentrated on the longer distances, that is, on calls
over distances of 100 miles or more, and that the
cuts grow heavier the longer the distance. In March,
1934, the charges on these calls were, by European
standards, high; the service was highly profitable
per call, but the use made of it was restricted, and
this, of course, restricted the total profit. In fact,
in March, 1934, of all calls in this country costing 3d.
or more, less than 5 per cent. were over 100 miles.
Trunk calling was still more or less a business luxury.
Hence on the one hand a substantial cut at these
ranges could be made with comparatively small
loss of revenue on existing business, and on the other
hand such a cut might be expected to bring in a high
proportion of induced new
business. Further, the state
of technical progress was,
as it still is, such that

| [ additional traffic could be

| Profitas ' Eit::'?ﬁd Total carried in large quantities at

Date Cost | Revenue Profit 'a percent.' yolume Annual much less than th.e average

. per Call . per Call = per Call | of Profit cost. These considerations

‘ ‘ . Revenue | Trafc : explain the nature of the

— — — | — cuts chosen. As regards the

RE-REVISION | | \ 4 4

1933-34 | 8.46d. | 20:13d. | 1167d. . 58:0% 4,100,000 | /200000 financial effect, in the first

‘ | | calis | year no less than £530,000

| : 1 | — worth of new business was

POSTgEVISl'IO;‘ ! | secured for a sacrifice of

amples ! ‘ ; et

October, 1934 .. 10-3d4d. - 15-40d. |  5-06d. _ _ _ only £500,000 on existing

November, 1934  11-34d.  15-83d. 4-20d. — — _ business ; and all this new

January, 1935 ... 13-41d. 15-83d. 2-42d. — — — business was handled at a

October, 1936 ..} 10-:60d. 16-80d. 6-20d. ‘ — —_ — cost Of Only £130’000 ThuS,

March, 1937 13-40d. 18-22d. 4-82d. — — — these heavy cuts cost only
Year commenc- | | ‘ 1 . -

ing 1.10.34 .., — . —  Say400d.! 25% 110,900,000 /180,000 about £100,000 net in the

! \ | approx. | calls i first year. These figures also

i

include the night cuts, that
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is the 1s. night trunk call, and therefore for the day
cuts alone the results, though very good, are a
little less favourable. The 1936 day cuts (the night
rates were unchanged) were of a similar kind,
but less striking in degree, for obvious reasons. The
Post Office still concentrated on the longer distances,
but carried the field lower. (Table 6.) The maximum
charge for a 3-minute inland call, which had been
effectively 6s. 6d. before the 1934 cuts, and which
then became 4s., was reduced still further to the
rather attractive figure of 2s. 6d. But the existing
traffic on which revenue had to be sacrificed was bigger,
and the scope for inducing new traffic smaller. Thus
the Post Office had to give away £600,000 a year on
existing business with less striking effect than it had
been able to secure by giving away £500,000 in 1934,
and it got back £280,000 worth of new traffic in the
first year as compared with £530,000 in 1934. This
new traffic was, however handled extremely cheaply
at the outset by the use of the temporary gain deriv-
able from the super-marginof spare plant infinancing
the initial loss on a rate cut.

The position may be summed up by stating that
during the last five years the Post Office has converted
the long distance internal trunk service of Great
Britain from a definitely dear and relatively little-
used service to a service which is moderately cheap
and fairly widely used.

The 50-free-call Concession.

In 1934 a substantial cut was made in the rentals
charged to residential subscribers. (Column (2),
Table 4). The standard charge was reduced to the
attractive figure of f1 a quarter, at least in the
provinces generally. The charges in the four biggest
provincial cities and in London are higher, though
they were cut proportionately in the 1934 revision.
But every subscriber had still to pay, over and above
his rental, for every call he made. The rental was
still not really a measure to the potential subscriber
of the amount he would have to pay for the service he
wanted. It was still what
the Americans call a
“readiness-to-serve’’ charge.
The effect of this was to
make the cost of a residen-

of this sort are inevitable, but the point is that the
1936 free call concession reduced the difference. These
things are usually matters of degree. Inspite of retain-
ing the readiness-to-serve charge feature, the 1934 cuts
were very successful in attracting new subscribers. In
1936 it was decided to make what may be called a
bold bid and to offer a positively new attraction
(new in this country, that is to say), namely an
allowance of 50 free local calls a quarter, worth one
penny each. The customer still hanging about outside
the door of the shop was to be tempted in by an
inclusive offer ; if 50 penny calls a quarter were all
he was likely to want, he could get his telephone
service for £1 a quarter down. No unforeseen bills !
(As will be realised residential subscribers only are
referred to—the main field of potential expansion.)
Further, it was hoped that perhaps the concession,
by making local calls look less like individual items
of avoidable expenditure, might cause people to use
them, and let their households use them, more freely,
and so increase the average residential subscriber’s
calling rate, which was low in comparison with some
other countries. In so far as this happened the con-
cession would help to pay for itself. In fact, it was
hoped to get both more subscribers and more calls
per subscriber. Before giving the financial figures,
it will be stated at once that the former hope was
amply fulfilled and the latter hope partially
disappointed, with the result that the financial
estimates turned out just about right.

Before so important a step was decided upon,
very careful estimates of its probable effect were
made ; and after the change had been put into effect,
attempts were made to measure what the effect had
actually been. The figures are shown in Table 9—
as before, they relate to the first full year during which
the concession was in operation. This table shows the
effect on revenue only—i.c., it takes into account the
first two factors governing the net financial effect of
the change, but not the third factor—the cost of
handling the induced new business. This last factor is

TaBLE 9.

Firry FREE CALL CONCESSION—QOCTOBER, 1936.

(Residential Subscribers)
REVENUE EFFECT.

tial subscribers’ service,
measured as a cost to him

w ol e e w e

per call, much higher than

Quarters ended : !

the cost of a business man’s e . _! Total
service, similarly measured. ! Dec., ' March, June, | Sept., ifor Year
It is not asserted that this 1936 | 1937 1937 1637

is the right way to look at . 7 . -
it, but it is a way 9f 1OOlflng (a) Loss of revenue from free call i ‘

at the cost of service which, concession to existing subscribers ; 142,000 | 140,000 @ 137,000 : 143,000 | 562,000
rightly or wrongly, is often (9) Induced revenue from calls in i ‘ \

adopted by potcntial sub- respect of all subscribers 43,000 82,000 ° 60,000 ¢ 45,000 ‘ 230,000
scribers. The answer’that a (c) Difference — net loss of call ‘ i ‘ | ‘
commercial traveller’s car, revenue .. .. .. .. | 99,000 : 58,000 77,000 i 98,000 332,000
used every day, costs him (@) Induced revenue from rentals of | | : i

less per mile than the cost new subscribers . . . 10,000 } 24,000 29,000 - 30,000 93,000
per mile of a similar private (e) Difference = net loss of revenue | 89,000 ‘l 34,000 | 48,000 | 68,000 | 239,000

car, sparingly used, is all

| \ |

right as far as it goes. It is
true that differences of cost
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The last line shows total effect on revenue, i.e., ignoring the cost of handling induced new






Special Events—Telegraph Arrangements

U.D.C. 621.394

G. E. CARR

The article describes the provision that is made for dealing with telegraph traffic at race meetings and other special events,
and how the advent of the teleprinter and V.F. telegraph working have simplified the engineer’s task.

Introduction.

13,000 permanent Post Offices where telegrams

are accepted over a counter for transmission to
any other office, and for any part of the world to
which telecommunication exists, but since the time
when the earliest public offices were established there
always has been a demand for special telegraphic
facilities which, by reason of their unusual and
incidental nature, could not be dealt with satis-
factorily by the normal offices. It is the methods
by which these demands are met that are described
in this article.

The causes which occasion special provision of
telegraph facilities are collectively referred to as
‘“ Special Events,” and invariably they are items of
public interest. The majority of these occurrences
are sports meetings, and of these, horse-racing events
are perhaps the most important from a point of
telegraph provision.

If special events are divided into two main groups,
viz., (1) horse-racing events and (2) other events, it
will be found that in group (1) the type of traffic and
its duration are common features, but considerable
variety exists in requirements and conditions under
which the temporary services have to be made,
whereas in group (2) excepting for a few instances,
the requirements and conditions are more uniform
and variety is found in the incidence of the traffic.
The events in the two main groups can be divided
under headings indicative of the kind of temporary
or additional telegraph provision which they require.

IN the United Kingdom there now are more than

Race Meetings.

(a) Important meetings where an office with full
telegraphic facilities is provided in-the course
enclosure.

(b) Meetings where it is convenient to arrange for a
messenger service to and from a neighbouring
Post Office ; and

(c) Meetings of minor importance where the volume
of traffic can be dealt with by telephone-
telegram working.

Other Events.
(d) Recurrent events held at the same place ;
(¢) Recurrent events but held at different places ;
and
(f) Events chiefly of a political or social nature.

RAceE MEETINGS

The earliest temporary telegraph offices were pro-
vided as the result of putting one of the oldest English
sports—that of horse-racing—on a commercial basis.
Public races were established about 1610, when
running matches for testing the skill of riders and
endurance of their mounts were held at recognised
places. The running of horses over a given distance
led to comparisons as to their qualities and ability
to beat other horses, and certain places became
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known for their running or testing grounds. These
were simply roped-in tracts of open land and varied
considerably in length. It was about 1640 when the
first public races were held at Newmarket, which
ever since has been noted for this sport.

About 1865 “ gate-money ”’ meetings came into
fashion, and the courses were surrounded by barri-
cades of one form or another, so that to see the racing
one had to pay a fee which usually varied according
to the position of view. Not all courses were enclosed
however, for to-day some of the well-known old
courses, for instance, Epsom, Doncaster, Goodwood
and York, are open meetings in the sense of free
admission to the greater part of their courses.

In 1875 the Newmarket course was re-established
on modern lines. White rails were substituted for the
old-fashioned ropes and stakes, the grand stand with
its appendage of refreshment rooms, telegraph office,
stables, hacksheds and rings, was constructed under
the auspices of Sir John Astley, and from that time
the grand-stand telegraph office at Newmarket has
opened for traffic at each of the eight annual meetings,
at which there are in all 29 days of racing and about
174 races are run. It is, perhaps, of interest to note
that in comparison with the few prizes and plates of
the order of 50 guineas as in olden days, the annual
value of the prizes won in horse-racing on Newmarket
Heath now approximates £125,000.

With the passing of time almost every licensed race-
course has been provided with direct telegraphic com-
munication during the periods racing is in progress.
For the past 50 years there has been little change in
the number of horse-race courses in the United King-
dom, but since those early days telegraphic traffic
has increased considerably, especially after the intro-
duction of the sixpenny telegram in 1890. Although
the telephone has latterly taken some of the traffic,
extensive telegraph provisions have to be made for
present-day important racing events.

Type cf Traffc.

The message traffic is more or less common to all
events in this class, and the times of rush hour and
peaks loads are characteristic. Little traffic is dealt
with at course offices before 11.30 a.m., but after
this time the number of messages increases rapidly.
Reports to press offices, experts’ opinions, “ informa-
tion ” and telegraphed commissions, inward and
outward, are typical of the traffic.

A rush of traffic is associated with the first race of
the day—at 1 o’clock or thereabouts—and also with
the races which follow at intervals. The most
important race of the day, usually about 3 p.m., is
accountable for a peak load in the day’s traffic.
Press messages of varying lengths are forwarded, some
being distributed simultaneously to many centres.
The load slackens after the last race, which seldom is
later than 5 o’clock, and the traffic in hand, chiefly
press, is cleared before closing the office.


quaho.es

Course Offices.

When telegraph provision is made at a race-course
the temporary office is invariably situated in or
adjacent to the grand stand, and this gives rise to
the telegraphic code GS office in the same manner
that TS, the inland code for the Central Telegraph
Office, originated from Telegraph Street. The course
office may be situated in a wooden structure, a part
of the authority’s offices or a brick building erected
exclusively for the purpose.

Where the GS office is a wooden structure, usually
in the form of a large hut, it is suitably partitioned
into an office-counter part and an instrument room.
When the public part is external to the office building
the counter and booths are protected from the weather
by a wide veranda cover extending the length of this
part. Messages for dispatch are received over the
counter and dealt with as in ordinary post offices,
and then passed to the instrument room for
transmission.

Messages arriving for the racing public are posted
on a large board in charge of a postal official and are
distributed in a similar manner to letters in the poste
restante service. Where the addressee is known,
delivery is made by messenger direct from the office.

In a few instances, an additional small office is
provided at another part of the private enclosure but
supplied only with counter equipment, the messages
being carried to and from the GS office by messengers.
At Ascot, howevel, the additional Silver Ring office
at one time was connected to the GS office by pneu-
matic tube, but being hand operated by the messenger
staff, the air pump was often in trouble. For some
years now the Silver Ring office at Ascot has been
equipped with telegraph apparatus and is a complete
temporary office.

Where circumstances permit, a portion of the racing
authorities building is used for the GS office, and at
some courses brick buildings - have been erected
specially. In recent instances where the grand stand
and course offices have been rebuilt, notably Epsom
and Goodwood, the appointment of the telegraph
office has been given generous consideration by the
racing authorities. These modern offices, fitted with
electric light and power available for heating, may be
described as palatial in comparison with those of
some of the older course offices, where usually there is
no heating apparatus other than oil stoves and
lighting, when necessary, is by oil lamps.

The present Epsom special event office is a large
one. The instrument room is situated on the first
floor of the grand stand, to which messages from the
counters in post offices serving the paddock, Tatter-
sall’s and other enclosures, are sent by pneumatic tubes.

Where circumstances make it unnecessary, e.g.
because the race-course is a short distance from a
permanent telegraph office, or where local restrictions
prevent the establishment of a fully equipped course
office, provision of a GS office with counter facilities
only suffices, and messengers on cycles carry the
messages between the temporary office and the local
post office. Extra staff and apparatus are then
provided at the local office for the required period.

At lesser important race meetings where the volume
of traffic is not sufficient to warrant the provision of
modern telegraph apparatus, the installation of one

or two telephone-telegram circuits to the GS office
is adequate. In earlier days, however, before the
introduction of T.T. working, all these relatively
minor race-courses were provided with an instrument
room fitted with simple sounder circuits, and many
of them had quadruplex circuits to deal with the peak
load traffic.

The counter equipment at race-course offices is
similar to that provided at an ordinary office giving
full telegraphic facilities to the public.

Local Lines.

Although most race-course sites are away from
commercial centres, more often than not they are
close to a main road leading to the local city or town,
and the road generally carries a pole route of tele-
graph wires. Sometimes the nearest main route of
telegraph lines is a railway or canal route.

From a terminal pole inserted at a convenient point
on the main route, spur lines are carried to the course.
A test-box on the terminal pole into which the main
lines reserved for the event traffic are looped and the
spur lines terminated, provides a means of connecting
the event office into the telegraph network. This
calls for nothing more than a re-arrangement of the
straps or links in the test-box. At the event office,
the local lines are terminated in the usual way on a
terminal block or a cabinet when a large number of
lines are so terminated, and this is situated at a con-
venient position in the part used for the instrument
room. In circumstances where it is desirable to
preserve the amenities at the course, the lines are
taken underground for a convenient distance.

Sufficient local lines are provided for the heaviest
demand at any particular race-course, and are main-
tained as permanent plant, but are not subjected to
the usual periodical testing. Tests, however, are
made prior to bringing the lines into service. When
not in use the local lines are isolated at the pole test-
box and the main route lines are connected through.
It is usual for the local aerial route to carry also the
telephone pairs as may be required for the racing
authorities, and the booths sometimes provided in or
adjacent to course offices.

Main Lines.

During the past decade some very important
changes have been made in the methods of operating
the inland telegraph service, notably the introduction
of teleprinter and voice-frequency working, and as a
consequence changes have taken place in the routing
of main lines. At a later stage in this article present-
day practice in special event arrangements is con-
trasted with that obtaining some 30 years ago.

OTHER EVENTS

The temporary telegraph provisions for events
other than horse-racing differ from the former group
in one major respect, that usually they call for nothing
more than additional circuits and apparatus at some
permanent telegraph office. The messag: traffic is
dealt with via the counter at this local office, the
counter and instrument staff being augmented as
required. There are, however, occasions where a
temporary office with instrument-room equipment is
necessary, and dependent upon the character of the
event, so the office may be set up in a marquee, hut,
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very shortest notice. Where the provision is of
temporary nature it is usually dealt with as a Special
Event arrangement. "

_ {THirTY YFARS AGO} -

London was the centre of the inland system, and
from its Central Telegraph Office radiated anextensive
network of aerial telegraph lines giving direct com-
munication to all provincial towns of importance.
The routes carried a relatively large complement of
spare wires which were not only spare or reserve wires
for replacing permanent circuits that became faulty,
but also formed the lesser network of wires for pro-
viding special event circuits. Some of the wires were
used so frequently that they were allocated
permanently as race wires.

Circuaits.

With important events (both racing and non-
racing) invariably it was necessary to provide long
distance omnibus circuits for the simultaneous
distribution of press traffic. At this period Parlia-
mentary speeches and those made by noted people
at various places up and down the country were
usually reported verbatim, and special circuits would
be set up for the occasion.

As a general rule, circuits operated under special
event conditions could be worked satisfactorily up
to about 200 miles, and for greater distances a
telegraph repeater was introduced at one of the large
offices through which the circuit passed. A telegraph
repeater is shown in Fig. 1.

Bad weather conditions and the troubles to which
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tained in good working order for dispatch at the
shortest notice, if required. Excepting demands in the
nature of emergency calls, the provisions to be made
from time to time are known well in advance of the
date of any special event. Before dispatching the
apparatus, it is tested by one of a rota of mechanics
who later takes charge of its installation at the
event office. He remains in attendance for the period
of the event and at the closure is responsible for the
safe return of the apparatus. The mechanics employed
on these rotas are familiar with all the line and
apparatus arrangements of the event offices at which
they are required to attend, and are men selected
specially because of their ability and experience in
the maintenance of teleprinters.

By transporting the apparatus in pneumatic tyred
motor vehicles packing is reduced to a minimum, and
loading-up at the mechanics’ workshop and unloading
at the door of the Event Office with the minimum
of labour is facilitated.

Where the apparatus is required for providing
additional circuits at a permanent office at which
testing and maintenance staff are present it is not
accompanied by a mechanic from the pool centre.

Power Supply.

Whereas only line and local battery supplies
were necessary with earlier methods of working,
the adoption of teleprinter working at race-course
offices necessitated a power supply for driving the
motors. Only at a few courses was a suitable supply
already available. Where electric power could be
made available at a reasonable cost this was done,
but the direct costs for providing mains supply cables
varied between such wide extremes as 30s. and £700.
The latter figure was obviously prohibitive and where
the cost for installing power mains was too great it
was realised that the requirements could be met by a
portable battery of large secondary cells or
alternatively a petrol-generator unit. The fact that
the most important of racing centres, namely
Newmarket, did not lend itself to economical provision
of mains supply at the grand stand office and the use
of a secondary battery of sufficient capacity was
impracticable, decided the question regarding a
petrol-generator unit. A mobile unit was therefore
designed specially for use at any race-course office.
The use of metal rectifiers solved the problem where
A.C. power supply was already available or could be
made so.

Mobile Petrol-Generators.

These portable power units comprise a water-
cooled, single-cylinder, two-stroke petrol engine
fitted with a centrifugal-type governor which reduces
speed hunting to a tolerable minimum. It is also
fitted with an efficient silencer. Two D.C. generators,
designed to give a flat voltage characteristic under
the different loads as imposed by starting and running
from one to eight teleprinter motors, are direct-
coupled to the engine. The normal voltage of each
generator is 55 volts and joined in series, they provide
the 110 volts motor supply and, as the centre point
between the generators is earthed, also a + 35 V.
battery supply for universal working. A portable
secondary battery of 52 cells, 26 Ah capacity is

floated across the two generators and in addition to
tying the bus bar voltage to 110-112 volts, provides a
reserve supply in cases of failure and covers such
contingencies as temporary stoppages from a choked
jet or sooted plug. Normally the battery is trickle-
charging, but at the moment of failure of the petrol
unit a circuit breaker disconnects the unit and
the load is taken by the battery without interruption
to the working telegraph sets. A bell alarm sounds in
the instrument room when the circuit breaker operates.

The whole unit is mounted on a rubber-tyred
bogie truck and is suitably protected from the weather.
When in use it is situated at a convenient place in the
open, due regard being paid to avoid annoyance from
engine noise or exhaust fumes. A panel on one side
of the unit carries the usual instruments and switch
gear together with resistances for adjusting the
ratios of the series/compound generator windings.
Heavy cabtyre cables connect the unit to a separate
control panel, which with the floating battery, is
located in or adjacent to the instrument room.
A kit of tools and spare parts to deal with any ordinary
failure of the unit are carried with it.

Auxiliary Apparatus.

A portable universal terminal unit (Unit Auxiliary
Apparatus No. 72) has been designed to meet all the
circuit conditions for teleprinter No. 3A. By the
simple manipulation of a few telephone keys it provides
for single wire simplex, two-line simplex, two pair
simplex, duplex on single wire or loop, YQ and voice-
frequency extension working.

The apparatus is mounted on a panel fitted in a
Plimax case (sheet metal covered plywood). The
panel is hinged at the front and when raised is
supported on collapsible arms, giving easy access to
the internal parts and wiring. A detachable cover of
Plimax protects the panel when not in use. Diagrams
of the internal connections and the schematic arrange-
ments of the various terminations obtainable are fixed
inside the cover. The stout construction of the unit
avoids the need for any packing when transported
by motor vehicle and two folding handles facilitate
carrying by hand. It is proposed to describe the
article fully in a forthcoming article in this JOURNAL.

Present-day Practice.

The establishment of a temporary office nowadays,
so far as apparatus is concerned, is a fairly simple
matter. The lines incoming to the event office are
extended from the permanent terminations to the
tables or benches on which the units and teleprinters
are placed. Power leads from the D.C. mains supply,
rectifiers if the supply is A.C. or the control board of
the mobile power unit, are wired up to the cut-outs
on the unit. The lines are connected as required to the
terminals at the rear of the panel and the line and
local battery supplies to their respective terminals.
With the teleprinter plugged into the sockets at the
front of the unit, and the keys thrown for the par-
ticular method of ‘working, the set is ready for
operating.

For duplex ‘working, line balancing is necessary
and for this, a morse key and sounder, mounted on a
small baseboard, is plugged into circuit in place of
the teleprinter. When working as an extension to a
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concerned, all the V.F. channels in the separate
systems are identical and operate in a similar way ;
therefore, the effects of distance, so material in the
earlier days, are eliminated, and moreover, there
are means of inter-connecting channels of adjacent
systems to give any desired routing over the V.F.
network.

The voice-frequency terminal equipment to which
the telephone trunk line is connected may be located
in a telegraph office, telephone exchange or a telephone
repeater station. The individual channels of the
system are controlled by direct-current working over
local lines which, irrespective of the location of the
V.F. equipment, are terminated on a control board
in the relative telegraph instrument room. This board
provides the instrument-room staff with facilities for
testing, making up and crossing any of the channels.
The send and receive sides of each channel terminate
in a jack field arranged so that with double plug,
double-ended cords, the required connections or
changes can be made by plugging into the appropriate
jack. Adjacent to the control board is a concentrator
board on which the teleprinter sets and physical lines
are terminated. Transfer circuits between these two
boards give complete facilities for connecting any
voice-frequency channel terminated on the control
board to (i) any teleprinter in the instrument room,
(ii) the physical lines permanently connected to the
teleprinter sets at out-offices, and (iii) the physical
lines used for event offices, which may be, and often
are, some considerable distance away. In the last case
appropriate panel-mounted apparatus is included in
the local circuit, giving facilities for balancing the line
if this is necessary.

The extreme flexibility of the V.F.-operated net-
work due to its facility for interconnection between
systems enables circuits to be set up over long
distances without difficulty. That any of the channels
can be connected without previous preparation is a
great advantage, but perhaps the most
outstanding advantage in the applica-
tion of V.F. working for special event
arrangements is the ease with which

Where more than one system is in operation, the
separate systems are identified by a letter; for
example, A indicates the first system, B the second
and so on; thus every channel of the network
has an individual identification bv which it is
easily recognised, for example, TS-MR (C) 15 1is
channel No. 15 in the C (or third) system of 18
channels connecting London (TS) and Manchester
(MR), and in a similar way LS-GW (B) 6 is channel 6
in the second system between lLeeds (LS) and
Glasgow (GW).

In each system, a certain number of channels have
been earmarked for use when required as special event
reserves. With few exceptions the circuit require-
ments for any recurrent event are the same each time,
and only the actual dates and perhaps the duration
alter from year to year ; therefore it has been possible
to schedule the special event reserve channels and the
associated local physical lines which will be used for
these events during the course of the year. With
non-recurrent events it is usual to have ample margin
of notice of the date and requirements, and it becomes
a matter of reviewing the schedule to ascertain what
channels are available for that period. Particulars of
those selected, together with the local lines to be used,
are advised on a standard form to those concerned.
When practicable the complete circuits are set up and
tested out under working conditions from the event
office the day before the commencement of the event.
At its cessation, the V.F. channels and physical lines
are restored to normal as soon as possible.

YQ Working.

The matter of providing YOQ circuits is simplified
by the use of a combiner unit which is associated with
the V.F. control board in the instrument-room. This
unit gives facilities for coupling four separate circuits,
one of which may be the event (or local office) circuit.
The unit consists essentially of a relay having six

long-distance YQ circuitscan be provided.
The working requirements of an omni-
bus or YO circuit as it more usually is
called, are that signals from the sending
office can be sent simultaneously to two,
three or more offices situated at distant
places ; and further, that each distant
office separately is able to give acknow-
ledgment of good reception, or otherwise,
and to check any part of the message if
necessary. Extensive provision of this
type of circuit has to be made for most
of the important events, and in this
respect certain meetings at Doncaster
and York race-courses call for as many
as seven YOQ circuits.

Circuit Provision.

The telegraphic codes of the two centres are used
to identify the complete voice-frequency system
operating between them, and the separate channels
are numbered 1-4, 1-12 or 1-18 as the case may be.

BM

NOTE - PHYSICAL LINES SHOWN
DOTTED, \F CHANNELS
SHOWN SOLID.

abd W&J 4

TELEPRINTER
THROUCH CONNEXION
COMBINER UNIT

»n »  WITH ADAPTOR
TERMINATION ON PANEL FOR
EXTENSION AS REQUIRED

I'1g. 6.-—CIRrRcUITS FOR DONCASTER RACES.

s

wreod

similar windings. The sending side of the extension
or event office teleprinter is connected to one of these
windings and three other windings are connected
individually to the receiving side of the V.F. channels
radiating to three distant offices. The remaining two
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windings are used for producing the necessary bias,
electrically. The sending relays of the V.F. equip-
ment and the receiving side of the extension tele-
printer are bunched and connected to the tongue of
the relay on the combiner unit. The performance of
the relay is such that reversals of current in any of
the four line windings moves its tongue, with the

Eight of the circuits are YQ's and two of these are
extended to include four offices on each circuit, and
combiner units with special adaptors fitted are intro-
duced at the places shown. It is perhaps of interest
to compare the present-day arrangements with those
of pre-teleprinter V.F. days, and Fig. 7 shows

result that, in addition to a local record of the message § EH
transmitted, the signals from any one of the four Gw
teleprinters on the YQ circuit are received on the
remaining three. When it is required to group only o
three teleprinters—the local or event office being one DONCASTER RACES NT
. . . (PRE TELEPRINTER WORKING)
of them—correct operation of the combiner unit relay
is arranged by passing through the spare winding a
steady current of the same value as would flow if an &
idle V.F. channel were connected to the winding. On ’ .
the other hand, when more than four teleprinters o i
require to be grouped on a YQ circuit the conditions Ly s GS. oFFICE.
are met by using an adaptor with the distant com- : MR fadn
biner unit, and this enables extension to three more f’
V.F. channels, and if necessary even further extension | Fave
can be provided by using another unit with an ‘*; - En [Loos worting)
adaptor introduced at the further control board. = (DC) ) L
. . . . . v, TJOWN, —
Identification cf Special Event Circuits. a
The schedule referred to earlier contains a list of a
approximately 400 circuits allocated for recurrent a
events. When advices are circulated regarding any
of the events aslisted in this schedule, it is necessary
to quote only the identification numbers of the
circuits which will be used. Additional to these
specified circuits is a series of over 200 circuit identi- " 4
fication numbers allotted in groups to Regional S -
Directors and Surveyors for use in connection with Pl
events of a non-recurring nature or recurring at s | e
irregular intervals. SYMBOLS AS IN FiC. 2. did
Just how these circuits are routed under conditions l PO S AT
of modern telegraph practice will be seen from Fig. 6, AT SENDING END.
which shows schematically the circuit arrangements —— T A ST AT N
for Doncaster race meeting, and may be taken as 3 REPEATER, 18
typical of those for an important racing event. The #% TS
particular routing and make-up of the fourteen
additional circuits required for the Doncaster event is F16. 7.—CIRcUITS FOR DONCASTER RaCEs,
shown in Table I. PRE-TELEPRINTER \WWORKING.
TABLE 1.
| o i o ’
= ; Method of Provision 5, Svecial
Special g S Particulars of - - S-S pecia
E 0w R 22 | Adaptor
Event S0 Circuit ! £ g )
5 g o | ‘ Physical lines Voice-frequency Channels S - in use at
SRR 1 ‘
- == _ - i -
Poncaster 178 HO-TS-MR ; LS-DC4 LS-MR A13 +MR-TS Al2 . MR
179 HO-TS ‘ LS-DC10 LS-TS A17 —
180 ‘ GS-TS ! HU-DC1 HU-TS A5 from 12.30 p.m. I
181 GS-TS : HU-DC2 | HU-LS B1+ LS-TS B6 from 2 p.m. —
182 GS-TS i HU-DC3 HU-TS A4 from 2 p.m. —
183 GS-LS-TS-MR-GW ! LS-DC3 LS-MR Al4+ MR-TS B7+ MR-GW A1l7 LS : MR
184 GS-LS-TS-MR-GW ! LS-DC5 ].S-TS A2+ TS-MR B11+4 TS-GW BI10 LS @ TS
185 | GS-LS-BM-TS LS-DC6 LS-BM A17+ BM-TS Al7 LS BM
186 GS-1.S-MR SF-DCI1 SF-LS A17+LS-MR Al6 . LS
187 GS-TS-MR ‘ LS-DC7 LS-TS B17+ TS-MR A7 I TS
188 | GS-TS-MR ‘ LS-DC8 LS-BM Al6 + BM-TS Al16+ BM-MR Al6 | BM
189 GS-TS-MR | 1.5-DC9 ].S-MR A15+MR-TS Al7 . MR
190 GS-TS * LS-LI3 (DC & LI) LI-TS A8 —
191 GS-LS I.S-LI3 (LS & DC) | (Extension as requiirel) . —
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F16. 8. —NUMBER OF TELEPRINTER CIRCUITS PROVIDED.

schematically the line and apparatus provision for
Doncaster in earlier times.

Mobile Post Cfices.

When used at racing events the mobile office is
located in the part of the field open to the public, and
a noted spot where it has provided a very useful
service is at Tattenham Corner of the Epsom race-
course. A full description of a mobile office is con-
tained in Vol. 29, Part 3 (October, 1936) of this
JOURNAL.

Conclusion.

It is, perhaps, fortunate that the dates and periods
of the more important items occasioning these tem-
porary provisions mostly follow on one another. For,
were it otherwise, much larger reserves of teleprinters
and associated apparatus would need to be held in
readiness to meet them. As it is, requirements can be
met with a relatively small stock of apparatus located
at the five pool centres. There are times, however,
when because of coincident events a particular centre

may be hard pressed in meeting its commitments ;
but usually, the position is eased by a loan from one
of the other centres.

No mention has been made of any temporary
office equipment other than the circuit apparatus,
but of course there are many other items which have
to be provided for special event offices, and included
in these are clocks, numbering machines, timing
stamps and the usual telegraph stationery items and
counter equipment.

This article would be incomplete without giving
some brief idea of the extent of present-day special
event provision ; it is not proposed to give statistics,
but it may suffice to show graphically (Fig. 8) the
number of circuits in connection with approxi-
mately 300 such arrangements made during 1938.
This figure includes the events of importance for
which teleprinter provision was made from pool
centres, but takes no account of the many minor
events where messages were disposed of by other
means.

Book Review

British Association, Mathematical Tables. Vol. 7, ** The
Probability Integral.”” W. F. Sheppard. Cambridge
University Press, 1939. 8s. 6d.

It can hardly be denied, in view of the wide application
of the probability integral to design and sampling
problems, that the publication of this volume of tables
1s an event of some importance. It can be confidently
predicted that these tables will find a large sphere of
usefulness, not only to engineers applying probability
theory to their problems, but to all workers using
statistical theory. For many years the late Dr. W. F.
Sheppard (1863-1936) worked on the preparation of these
tables, and their completion and publication by the
British Association constitutes a memorial to his un-
surpassed labours in the field of mathematical statistics.

oo

/exp(—— étg)dt,

1
The integralunderdiscussionis \/Q;

and the tables, which go up to ten times the standard

deviation are computed to as many decimal places as
would ever be required. Although Gauss made such
noteworthy contributions to probability theory by the
use of this integral that his name is commonly attached
to the function, i1t is well known that Laplace made use
of the integral at least thirty years before Gauss. It
would thus appear that the name of Laplace might more
appropriately be attached to the probability integral
than that of Gauss. In a recent historical research,
however, Karl Pearson found that De Moivre as early as
1733 gave a treatment of the probability integral and its
associated functions. The work of De Moivre antedates
the discussion of Laplace by more than half a century.
Moreover, De Moivre’s treatment is essentially our
modern treatment. Hence it appears that the discovery
of the probability integral should be attributed to De
Moivre. De Moivre was an English mathematician with
a phlegmatic personality. It is recorded that he used to
sleep twenty hours a day, leaving only four hours for
probability theory—and everything else.
H.J.J.
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The Supply of Power for Telephone Exchanges

UD.C. 621.311.1 : 621.395.722 621.316.34 621.317.8

G. M. MEW,
B.Sc. (Eng.), AM.LE.E.

It has been the intention in preparing this article to give a brief description, so far as the larger telephone exchanges are

concerned, of some of the considerations involved in obtaining a supply of electricity.

Its subsequent distribution and

conversion for the purpose of providing power for the operation of the telephone equipment will form the subject of a further

article.

Eleciricity Supply.

always possible to obtain electricity from a public

electricity supply undertaking, but not always at
low tension. Quite frequently, owing either to the
heavy load which has to be catered for or to the com-
parative remoteness of the site selected, only a supply
at high tension can be offered. In this event, accom-
modation on the exchange site or inside the building
is usually needed for the necessary transformers and
high tension switchgear.

As soon as possible, therefore, after the site for a
new exchange has been decided upon, enquiries are
made of the electricity authority concerned as to the
type of supply available so that suitable accommoda-
tion for the low tension switchgear and any high
tension plant can be incorporated in the building
plans at a sufficiently early stage.

Before such enquiries can be made it is necessary to
arrive at a fairly accurate estimate of the maximum
load which is likely to be placed on the service cables
and of the amount of electricity which will be con-
sumed initially and ultimately. - The first item affects
the size of the plant to be provided by the supply
authority and therefore has a direct bearing on the
capital costs involved, a proportion of such costs
usually being met by the Post Office. It may also be
a deciding factor in determining whether the service
is offered at high or low tension. The second item is
important in selecting the most economic method to
be adopted in paying for the electricity used. In
addition, it enables the supply authority to estimate
the revenue which they may expect from the con-
sumer and this, in turn, gives them an indication of
the initial costs which they themselves may reasonably
bear in providing the service. In some instances,
where the supply authority will be involved in
exceptionally heavy expenditure, they often insist
that the Post Office shall enter into an agreement to
guarantee a specified minimum payment per annum
for electricity over a number of years whether
electricity to such a value is consumed or not, and the
economics then have to be very carefully considered.

As, at this early stage, the proposals for the batteries
and charging plant have not been drawn up, the
estimates of maximum load and consumption, so far
as such plant is concerned, are obtained by calcula-
tion from the available figures for the Day Calling
Rate (CR) and the number of Direct Exchange Lines
(L). A figure of 0-075 Ah consumption of energy
per call is assumed.

Thus the 24-hour consumption for the exchange
= L % CR % 0-075 Ah. An allowance for the energy
consumed by the operators’ positions should also be
included, but generally this is so small that it may be
neglected.

Having obtained the figure for the 24-hour exchange
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IN the larger telephone exchanges, it is nowadays

consumption it is possible to select one of a number
of standardised arrangements for batteries and
charging plant, and hence the outputs and number of
the motor generator sets or rectifiers to be installed
is ascertained. A figure for the overall efficiency of
the motor generator sets of 70 per cent. to 80 per cent.,
depending on the size of the machines, is used to
determine the input to the motors and, when required,
the power factor is taken at 0-8.

The consumption of power by the motor generators
will vary during the life of the exchange, and for 50V
equipment is calculated as follows :—

Daily consumption in watt hours
L xCR X075 x57TV
o overall efficiency
Where the divided battery float system is to be used
the overall efficiency of the power plant and batteries
may be taken at a rough figure of 65 per cent.

The figure for the number of direct exchange lines
(L) will depend on whether the initial or ultimate
consumption is being determined.

Annual consumption in B.o.T. units

L X CR x 075 x 57 x 365

65 x 1,000
=24 XL xCR
In practice this figure has been found to be on the
high side and a figure of 2 X L x CR is usually used
at the stage when electricity supply is being considered.

The Post Office always prefers a low tension supply
as this avoids the necessity for extra accommodation,
is usually accompanied by lower capital charges, does
not require the provision for the supply authority of
special access facilities to its high tension equipment
and, above all, it removes the extra fire risk, however
slight it may be said to be, which is involved when
high tension transformers are located in a building.

As a general rule, for large exchanges, there is little
to choose between high tension and low tension
supplies from the point of view of reliability, but
efforts are always made to obtain a standby or
duplicate supply which can be used in the event of a
failure of the normal supply. The best possible
standby supply is one obtained from the network
of another independent supply authority, but this is
only possible in special circumstances, and generally
the standby supply is obtained from a separate sub-
station of the same supply authority or from a
separate portion of their network.

Where supplies are given at high tension, the
transformers and associated control gear are usually
installed and maintained by the supply authority and
remain their property, in spite of the fact that the
Post Office may have contributed towards the capital
costs involved. There are occasions, however, when,
influenced by an offer of specially low rates for energy
consumed for so doing or for other economic reasons,




it is found preferable for the Post Office to purchase, (6) A limited hour rate under which electricity

install and subsequently maintain this plant. can be used only during a certain period each
Electricity Tariffs. day,. the supply beipg disconnected auto-

There is an almost endless variety of tariffs under matically for the remainder of the 24 hours.
which the Post Office may pay for electricity con- Certain tariffs are sometimes further complicated
sumed, but they may be classified under broad by the inclusion of what is termed a ‘‘ Coal Clause "
headings as follows :— by which the supply authority varies the nominal
(1) A flat rate involving a constant price per unit price per unit by an agreed percentage ‘“up’’ or
consumed. ““down "’ in accordance with the rise or fall of the

(2) A sliding scale whereby the price per unit price of coal as delivered to their bunkers.
decreases according to an agreed schedule as The terms offered under a tariff such as No. 6 are
the total consumption increases. usually very favourable, but the supply is only
(3) A two-part tariff with a constant price per available during the night period, and therefore
unit and a fixed periodical additional charge advantage can be taken of such a tariff only where
based on the size of the machines installed. staff are already available at the exchange to carry
(4) A maximum demand tariff with a constant out all the battery charging during this period. There
price per unit and a varying periodical addi- are occasions, however, when the savings in the cost
tional charge depending upon the maximum of electricity by adopting the tariff are capable of
demand recorded in any specified time interval justifying a night shift on these grounds alone. The
over a certain period. limited hour tariff can never, of course, be used where
(3) A two-rate scale whereby the price per unit a battery float system is in use, as a supply must then
varies according to the time of the day or night be available throughout the 24 hours. In such
during which the electricity is consumed. circumstances, the increased costs involved by the
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adoption of some other tariff have a tendency to
minimise the other financial advantages of the
system.

A battery float system is also at a slight dis-
advantage as compared with the charge-discharge
system, so far as electricity costs are concerned, when
a maximum demand tariff is adopted because with
the latter system the period of peak demand can be
adjusted in relation to the demand of other apparatus
in the building so as to reduce the combined maximum
demand from the supply cables. These disadvantages,
however, are almost invariably outweighed by the
increased overall efficiency and other economic
advantages of the battery float system.

Each individual exchange supply has, therefore, to
be treated on its merits to determine the most
favourable tariff to adopt.

In this connection the curves shown in Fig. 1 are
interesting. They show the consumption of electricity
from the supply mains at Temple Bar telephone
exchange, London, under varying conditions as
explained below :—

Curve (1).—Total units consumed per 24 hours.

Curve (2).—Units consumed during the night-time
(8 p.m. to 9 a.m.).

Curve (3).—Units consumed during the day-time
(9 a.m. to 8 p.m.).

Curve (4).—Number of direct exchange lines, which,
of course, is the chief factor influencing the power
consumed by the telephone equipment from the
batteries.

Period A.—Normal charge - discharge battery
working.

Pericd B.—Charge-discharge battery working, but
the batteries are steadily deteriorating and it is
therefore necessary to use the motor-generator
sets to assist the discharge during the busy
periods of the day.

Period C.—Charge-discharge battery working. The
batteries are now in bad condition and the motor-
generator sets are assisting the discharge for
long periods each day.

Period D.—The batteries are being replated to a
reduced capacity and the exchange is working on
one battery, using assisted discharge and counter
E.M.F. cells during charging.

Period E.—The batteries are now replated to a
reduced capacity. Charge-discharge working
with assisted discharge during busy periods of the
day.

Period F.—The power plant is now converted for
divided battery float working.

Prior to December, 1937, a two-rate electricity
tariff was in force at the above exchange with current
at 2d. per unit during the day-time and $d. per unit
at night, with no fixed charge. With the introduction
of the divided battery float system, it was found
advisable .to change on to a two-part tariff with a
fixed charge of {210 per annum and electricity at $d.
per unit. A few months afterwards the supply
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authority reduced their charges and the price per
unit became d.

The curves show clearly the improved overall
efficiency obtained by the divided battery float
system and also the disastrous effect which batteries
in bad condition can have on electricity costs.

High Tenston Chawmbers.

Where the electricity supply is given at high tension,
accommodation has to be found for the transformers
and associated gear. In many respects, it is preferable
for these to be housed in a separate building or hut
on the exchange site remote from the main building.
Where this is not practicable a room in the building is
provided for the purpose and should be on the ground
floor as near as possible to the point where the supply
cables enter the site. More often than not, however, a
room on the basement floor has to be accepted and
then complications in the way of lowering the heavy
plant into position are introduced.

The room has frequently no means of communica-
tion with the rest of the building, the only means of
access being via an external door on the face of the
building.

The transformers are as a rule of the oil-immersed
type in a steel tank fitted with cooling tubes. The
tubes may be arranged to be detachable where the
means of access to the high tension chamber are
restricted, thus facilitating handling.  They are
extremely efficient appliances and efhiciencies of
97 per cent. and above are not uncommon. Even so,
a considerable amount of heat is dissipated under
working conditions and to prevent undue temperature
rise adequate natural ventilation must be provided
for the room. This is usually done by vermin prcof
grids of adequate area disposed at high and low levels
in the outer walls, such that a flow of cooling air
through the room will be induced. In exceptional
circumstances, mechanical ventilating plant may have
to be installed for the purpose, but this is avoided,
whenever possible, as a failure of the fan and motor
might set up a dangerous condition.

The presence of the oil-filled transformers constitutes
a fire-risk in the event of a major fault occurring and
various precautions are taken to limit the spread of
fire. The walls of the room are always made of
brickwork and the doors are fireproof. A concrete
sill or low wall is sometimes built around each
transformer to prevent burning oil from spreading
across the room and outside.

In certain exchanges CO, apparatus is now installed.
A bank of cylinders containing compressed CO,
is fitted permanently in the room and the outlets
are connected to pipes which terminate in nozzles
located over the apparatus. A steel cable is run round
or across the room on pulleys, one end being fixed
and the other terminating on a heavy weight which
keeps the system under tension. At selected points in
the cables fusible links are inserted so that in the
event of an outbreak of fire these are melted and the
weight is allowed to fall. In so doing, it operates a
device which punctures the seals of the CO,cylinders,
and the gas is released rapidly into the room where it
displaces the air and extinguishes the fire as it will
not support combustion.





















The Effect of Noise and Interfering

Signals on Television Transmission

U.D.C. 621.397.8

By R. F. J. JARVIS, php., and
E. C. H. SEAMAN, Bs..

This article indicates the effects of various types of electrical ‘‘ noise ’ on television reproduction, and describes tests to
determine the minimum satisfactory signal/noise ratio for television transmission.

Introduction.

STATIONARY flat picture, or scene pro-
A jected on a flat surface, may be regarded as a

variation of brightness in two dimensions. If
the picture is scanned by a spot of light moving in
such a manner as to cover all points in the picture at
regular intervals, the light reflected or transmitted
by the picture being scanned can be converted into an
electrical current proportional to the instantaneous
magnitude of the reflected or transmitted light.
Then if a spot of light at the receiving end is moved
in synchronism with the transmitting spot, and the
intensity of this light at any instant is varied propor-
tionally tothe value of the transmitted current at that
instant, the picture will be reproduced at the receiving
end, providing the rate of scanning is fast enough to
enable the eye to see the receiving spot at all positions
simultaneously by reason of the effect of persistence of
vision. The picture is usually scanned in horizontal
lines and it is more usual now to scan an electrical
image of the transmitted picture with an electron
beam, rather than scan the actual picture with a light
beam, but the connection between the brightness in
the picture and the electrical current transmitted
remains the same. It is necessary to keep the scanning
spot at the receiver in synchronism with that at the
transmitter by suitable synchronising signals trans-
mitted on the same path as the vision signal or on an
independent path.

It is necessary to appreciate this fundamental
connection between the brightness in the different
parts of the transmitted and received pictures and
the variation of transmitted current with time, in
order to understand the effects of interfering signals
on the received picture. Such interfering signals may
be produced in the transmission path, or be picked up
from outside. The instantaneous value of the total
interfering current adds to the instantaneous value of
the television signal current so that the brightness of
the receiver spot at this instant is modified in
accordance with this addition. The interfering
current by itself, if of sufficient magnitude, produces
a variation of brightness over the area of the received
picture which appears as a series of spots or pattern,
as described later, and when the television signal is
added the desired picture is seen with this interference
superimposed.

With sound transmission the disturbing signals are
termed ““ noise,”” and the same term is generally used
for disturbances present in television signals, although
their effect is, of course, visual. The most important
types of noise are :

(@) Random noise, having a uniform energy
frequency spectrum. This is produced by
thermal agitation and valve noise.

(6) Noise consisting of sharp transients produced at
regular or irregular intervals. The most
important type of this noise is that due to
ignition systems.

(¢) Single frequency noise produced by interference
from outside transmitters or set up in frequency
translation processes.

It is proposed only to deal with the first and third
types in this article, although the general conclusions
will apply also to the second.

Effects ¢f Noise on Television Reproduction.

As explained above, noise superimposed on a
television signal causes an unwanted variation in
brightness of the light-spot in the receiver, and if the
noise level is sufficiently high the reproduced picture
is marred by an irregular background, random white
spots, or a superimposed pattern, the effect depending
on the nature of the noise. The presence of noise also
alters the shape of the synchronising pulses, so that
relative displacement of successive lines in the picture
occurs and the picture detail is distorted ; interlacing
is also impaired. If the noise level is very high the
receiver may lose synchronism entirely, but noise
which is just sufficient to produce an objectionable
effect on the appearance of the picture is not generally
sufficient to cause complete loss of synchronism,

The effects of different types of noise are more
fully described below, and are illustrated by photo-
graphs of the screen of a television receiver taken
during the reception of a B.B.C. programme, with
noise superimposed on the received signal.

Effect ¢f Random Noise.—When random noise is
present at such a level that it is just visible on the
picture, its effect is to produce a fine irregularity of the
background illumination (Fig. 1(g)). At higher
levels it results in the appearance of numerous white
spots, occurring irregularly in position and time, which
may entirely obscure the picture detail (Fig. 1 (h)).

Effect of Single-frequency Noise.—When single-
frequency noise is present, a sinusoidal voltage
variation is superimposed on the signal which controls
the brightness of the light-spot in the receiver. The
brightness of the spot is increased during the positive
half-cycles of the noise and decreased during the
negative half-cycles, and a pattern appears super-
imposed on the reproduced picture. The nature of
this pattern depends on the relation of the noise
frequency to the line, frame, and picture scanning
frequencies, i.c., the number of lines, frames, and
complete pictures respectively scanned per second.
It is convenient to consider two cases :

(a) Noise frequency lower than line frequency.

(b) Noise frequency higher than line frequency.

If the noise frequency is much lower than the line
frequency, so that a number of lines are scanned in
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the duration of one cycle of noise, there is no appre-
ciable variation of brightness in the horizontal
direction. The noise causes a variation of brightness
in the vertical direction, and if the noise frequency
is an integral multiple of the frame frequency, a
stationary pattern consisting of horizontal bars
alternately dark and light is produced, the number of
pairsof bars being equal to the ratio of noise frequency
to the frame frequency (Fig. 1 (b)). If the noise
frequency is not an integral multiple of the frame
frequency, there is a horizontal bar pattern which
appears to move vertically, or a general flicker effect.

If the noise frequency is lower than the line
frequency but not very low compared with the latter,
the patterns are more complicated on account of vari-
ation of brightness across individual lines ; the effect
is generally one of sloping dark and light bars. When
the noise frequency is higher than the line frequency,
if the noise frequency is an integral multiple of the
line frequency, a stationary pattern consisting of
vertical bars alternately dark and light is produced,
the number of pairs of bars being equal to the ratio of
noise frequency to line frequency (Figs. 1 (c) and 1 (e)).
If this relation does not hold, but the noise frequency
is an integral multiple of the frame frequency, a
stationary pattern consisting of sloping bars is
produced (Fig. 1 (d)). With a noise frequency not an
integral multiple of the frame frequency, there is a
bar pattern which appears to move across the picture,
or a general flicker or mesh effect (Fig. 1 (f)).

Stgnal/Noise Ratios.

In the reception of the B.B.C. television trans-
missions from the studio at Alexandra Palace, even
under conditions of freedom from interference, the
picture has a slight irregularity of background
illumination. This is due to random noise which arises
in the cameras and circuits at the transmitting station
and in the receiver. For the design of a complete
television system it is necessary to consider how far
noise from these sources reduces the picture quality
obtainable with a given number of scanning lines and
frequency band-width; this question is, however,
outside the scope of the present article, in which such
noise will be regarded as “ inherent”’ in
the television signals.
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(8) the highest level of noise relative to signal that
could be tolerated without serious deterioration
of the quality of the received picture, or
undue irritation to the observer, giving the

’

“Tolerable Signal/Noise Ratio”’ ;

As these relations are subjective, readings were
taken by a number of different observers, and the
average calculated. The “range’ of the observa-
tions (difference between highest and lowest readings)
is indicated in the Tables.

The signal/noise ratio is expressed as the ratio of
the double amplitude peak (D.A.P.) vision signal
voltage to the peak noise voltage. Referring to Fig. 2,
the D.A.P. vision signal voltage is the magnitude S
of the vision signal between black and full white,
synchronising pulses being excluded. The peak noise
voltage is the single amplitude peak value .N.

Tests with Random Noise on Signals from Film-
scanning Transmatter.

The experimental circuit for determining the effect
of various amounts of random noise on pictures
obtained from a film-scanning transmitter is shown
in schematic form in Fig. 3. The vision signal was
developed by 405-line interlaced scanning of stationary
film in a cathode-ray film-scanning television trans-
mitter. Random noise due to thermal agitation over
a wide frequency range was produced by the use in
series of two wide-band amplifiers, of which the
frequency response was flat to within 4 1 db. from
10 ke/s to 2 Mcjs. These were followed by a variable
attenuator for adjustment of the noise level.

Vision and noise were combined in a mixing unit
of which Fig. 4 shows the circuit diagram. The two
signals were applied to the grids of valves VI and V2,
which had a common anode load, and the combined
signal was passed to the cathode follower output
stage V3. The response of the unit, measured from
either the vision or the noise input to the output, was
flat to within 4 1 db. from 100c/s to 2 Mc/s; in
calculating the results allowance was made for
difference in gain between V1 and V2. A picture
approximately 10 in. by 8 in. in size was reproduced
on a television picture monitor, and viewed from a
distance of five feet.
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The vision signal was measured by a cathode-ray
oscillograph at the transmitter, and the peak noise by
a peak valve voltmeter at the output of the wide-
band amplifiers. From these measurements and the

TaBLE 1

EFFECT oF RANDOM NoOISE ON PICTURES OBTAINED FROM
FILM-SCANNING TRANSMITTER
V = Visible signal/noise ratio in decibels.
T = Tolerable signal/noise ratio in decibels.

" Picture  Picture = Picture ° Picture Average

Observer A B ! C »
Ne. —_—— i T —— —
v T v T -v T VvV T VIT
1 P — | 35 - 32 32 |
— 30 27 28
2 36 — i |
31 — - —
3 — — 30 | —
— — | 27 — i
4 — — — | 31
— — — 21
5 34 35 [ — |
| 30 28 1 | — — |
6 137 38 37 | 38
L33 33 25 34
7 — 3 P — — ‘
| — 25 | — —
8 42 | 31 132 33
T 21 21 26
9 139 34 31 | 35 |
| 29 24 19 27 ‘
11 — — .
— — — 19 [
12— 35 133 34 |
‘ — 26 23 29
Range | 8 7 7 9
|7 12 8 15
Average 38 : 34 33 33 35 -
1 30 27 24 26 | 27




known gains and losses in the circuits, the signal/
noise ratio at the cathode-ray tube of the picture
monitor was deduced. As a check, the signal and
noise amplitudes were also compared directly by
a cathode-ray oscillograph at the anode of the
vision output valve in the picture monitor. The
results of the two methods agreed to 1 db.

The following pictures were employed :

(A) Close-up view of part of speaking clock.

(B) View of men working on telegraph pole, giving
effect of silhouette against clear sky.

(C) View of sea-shore with trees in distance.

(D) Close-up view of potter at work.

The results of the observations are given in Table
No. 1.

Tests with Random Noise on B.B.C. Signals.

The B.B.C. transmissions were received at Dollis
Hill on an experimental television receiver. To enable
noise to be mixed with the vision signal, the receiver
was modified by the addition of a valve in parallel
with one of the existing vision-frequency amplifying
valves. Random noise was obtained from wide-band
amplifiers as previously described, a variable
attenuator being interposed between the amplifiers
and the noise input to the receiver for adjustment of
the noise level. The signal/noise ratio was measured
at the modulating electrode of the cathode-ray tube
by means of a cathode-ray oscillograph with amplifier.
The results of the observations are given in Table
No. 2.

TaABLE 2

EFFECT OF RaxpoM NOISE ON PICTURES OBTAINED FROM
. B.B.C. TRANSMISSIONS

‘ | Signal/Noise Ratio (db.)

Type of ‘ Observer
Programme | No. Visible | Tolerable
Various .. ‘ 6 33 ; 27
Various L 12 33 | 28
Various .. ‘ 12 ; 34 29
Film S 7 31 —
Film .. o 10 37 —
Film .. .. 12 34 —
Studio. . .. 7 — 24
Studio. . Lo 10 — 29
Studio. . R 12 — 32
Studio. . } 7 37 27
Studio. . .. 10 32 30
Studio. . Lo 12 32 : 30
Range. . .. ‘ 6 3
Average o] ‘ 34 28

Tests with Random Noise Alone.

In these tests the same arrangement of apparatus
as described in the preceding paragraph was employed,
but there was no signal input to the receiver. In the
absence of noise input, the picture field on the cathode-
ray tube was uniformly illuminated, and its brightness
could be varied by the control provided on the
receiver. The level at which noise from the wide-
band amplifiers just became visible was determined
for three different brightness conditions, as follows :

" (a) Low brightness.—Picture field just visible.

(b) Medium brightness.—Intermediate value.

(c) High brightness.—Maximum brightness obtain-

able without defocussing.

The noise levels were recorded in terms of signal/
noise ratio related to the signal level used in the tests
described in the preceding paragraph, which was
sufficient fully to load the cathode-ray tube. The
results therefore indicate the signal/noise ratio at
which random noise would be just visible on a picture
free from inherent noise. The observations are
recorded in Table No. 3.

TaBLE 3

EFFecT oF RaNnpoM Noise oN UNIFORM PicTURE FIELD
Signal/noise ratio in decibels at which noise was just

visible.
Brightness
Observer No.
Low Medium High
7 41 42 37
10 40 42 40
12 41 43 39

Average .. 41 42 39

Tests with Single-frequency Noise on Signals from
Film-scanming Transmitter.

The effect of single-frequency noise at a number of
frequencies in the range 20 kc/s to 2 Mc/s was investi-
gated experimentally. The film transmitter and
mixing unit were employed as previously described,

TaBLE 4
EFFECT OF SINGLE-FREQUENCY NOISE

Frequency |
(approx.) | Effect on Picture

ke/s

20-25 Vertical bar pattern—2 pairs of dark and
light bars in picture width. Bars drifting
slowly across picture. Picture flickering
sideways in step with movement of bars
across its edge. Little loss of picture detail,
but irritating flicker effect due to move-
ment of bars and picture.

22-9 Pattern consisting of bars nearly horizontal
—about 30 pairs in picture height. S5light
rapid up-and-down movement of pattern,
giving shimmer effect. Vertical lines in
picture serrated and detail coarsened.

101-3 Effect similar to that at 20-25 k¢/s, but bars
narrower and more numerous.

1035 Bar pattern similar to that at 22-9 kc’s, but
bars sloping upwards from left to right.
Also vertical bar pattern (probably due to a
harmonic in the noise) superimposed.

500 In each of these cases the frequency was
1,000 critically adjusted to give two different
1,500 patterns as follows :

2,000 Bar Pattern, consisting of vertical bars,

slightly wavy and fluctuating sideways in
position, giving impression of moving
grating in front of picture.

Mesh Pattern of vertical and diagonal lines,
having finer structure than the bar
pattern and without irritating fluctua-
tion.

Both types of pattern became finer in

structure as the frequency was raised.
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and single-frequency noise was superimposed on the
vision signal by connecting the output of a standard
signal generator to the “ noise input ’’ of the mixing
unit. The noise frequencies at which tests were made,
and the corresponding effects on the picture, are
detailed in Table No. 4.

Readings of visible and tolerable signal/noise ratios
were taken by five observers on the pictures (A) and
(C) mentioned on page 197 ; the results are given in
Table No. 5.

With signal/noise ratios lower than about 15 db.,
the presence of the noise caused a noticeable increase
in the general brightness of the picture; the bright-
ness control of the monitor was not readjusted to
compensate for this effect. The “ visible ' level was
taken as that at which a pattern became visible, any
increase in brightness being ignored. In certain

instances, marked (X) in the Table, the observer was
unable to detect any pattern from the normal viewing
distance.

In assessing the ““ tolerable ”’ level, the increase in
brightness was taken as part of the interfering effect
of the noise, and at the highest frequencies over-
modulation of the tube from this cause had a more
serious effect than the presence of the noise pattern.

Conclusions.

As was to be anticipated from the nature of the
observations, there was a large variation between the
signal/noise ratios assessed by different observers, but
the averages for all observers did not vary greatly on
different pictures, and there was good agreement
between the average results of tests on pictures
obtained from the film-scanning transmitter and from
the B.B.C. transmissions.

TABLE §

EFFECT OF SlNGLE-FREQUENCY Noisg oN PICTURES OBTAINED FROM FILM-SCANNING TRANSMITTER

V = Visible signal/noise ratio in decibels. (X) Observer unable to detect any pattern
T = Tolerable signal/noise ratio in decibels. from normal viewing distance.
| [
! | Frequency (Approx.) kefs
‘ ‘ ' 500 | 1,000 \ 1,500 2.000
Picture Observer No. 2025 229 101-3 103-5 . ! - | -
Bar Mesh Bar | Mesh | Bar Mesh Bar i Mesh
vir|vit|v|rv|r|lv rjviTlv|r| v|T v|[T v|T|v|T|V]|T
) 50 33 |47 |35 40 21| | 34 18 30| |16] |18 16
32 ! 30 29 32 27 15 26 9 |15 12 9 9
S Mol N it Sl B 7
. 48 | 33 ‘ 50 40 43 25 38 26 32 20 18 19
P4 | I 26 40 31 37 20 31 L 16 i 22 14 12 12
— _ — L I - S —_— — — —
. 49 } | 30 | 46 39 40 | 24 37 20 30 16 15 (X)
" 32 | 24 34 30 31 I'15 26 9, .16 11 9 ! 8
) 45 30 43 40 37 27 36 20 28 17 14 (X)
1 [l I il N
28 23 20 31 27 20 26 10 | 17 12 11 12
51 35 44 41 34 28 32| |19 33 20 17 18
13 — — — ——
33 27 33 33 26 22 26 16 20 16 12 8
} 6 5 7 6 9 7 6 8 4 4 —
Range e
12 11 3 11 7 5 7 7 5 3 4
49 32 46 39 39 25 35 21 | 31 18 16 —
Average )t ! -]
33 26 33 31 30 18 ! 27 12 L1 ! 13 11 | 10
. 47 43 | 49 40 40 | 28 36 25 | 33 18 16 18 ‘
39 34 | 40 33 33 117 25 |12 14 i 10 7 | 7
. 50 fa0 50 40 41 26 40 31! 35 | 19 | 19 15 i
36 28 44 3q 34 17 28 I'18 : 20 | 14 12 10
0 47 30 46 37 42 26 38 22 | 29 P21 16 | (X)
© 32 20 “ 35 30 32 | 16 24 10 15 | 10 LT 8
_ = il S atall AR _ 2
12 47 20| 146 | 35 40 25 32 21 25 20 12 | (X)
27| | o3| 32 |24 26 16 25| In 14 11 12 11
i 52 31 | 54 35 42 25 37 23 | 34 | 20 20 |15
40 Vo7 43 25 38 19 29 i1 | 18 14 12 8
5 14 8 5 2 3 8 10 | 10 ! 3 8 —
Range ; ! —— R — ‘
13 14 12 10 12 3 5 8 6 4 |5 4
‘ 49 35 49 37 41 26 37 24 31 20 17 | —
Average — i —_—]— —
35 |28 39 29 33 | 17 26 13 16 12 10 9
49 34 48 38 | 40 26 I 36 23 | 31 19 17 —
(A) and (C) Average ' | : -
} 34 26 36 | 30 32 18 | 27 ‘ 13 17 13 11 10
H i I

198



On the basis of the average results, it is concluded
that added random noise is just visible on the picture
at a signal/noise ratio of the order of 35 db., and that
a signal/noise ratio lower than about 28 db. cannot be
tolerated. It appears that, on a picture having no
inherent noise, random noise would be just visible at
a signal/noise ratio of about 40 db.; further investiga-
tion of this aspect would, however, be desirable before
definite conclusions were drawn.

The effect of single-frequency noise was found to
vary considerably according to the type of pattern
produced, and for frequencies of the same order was
much more serious when the frequency was an exact
multiple of the line frequency, so that a stationary
vertical bar pattern was produced. With a given type
of pattern, the interfering effect decreased as the
noise frequency was raised ; the very low values of
signal/noise ratio obtained at the highest frequencies
may, however, have been partly due to lack of
definition in the monitor employed. It is concluded
that, for single-frequency noise in the range 20 kc/s
to 2 Mc/s, the interfering effect is greatest when the
noise frequency is a small integral multiple of the line
frequency. For such noise frequencies, added single-
frequency noise is just visible on the picture at a
signal/noise ratio of the order of 50 db., and a signal/
noise ratio lower than about 35 db. cannot be tolerated.
No tests were made at frequencies lower than 20 kc/s,
but as the visual effects would be similar, it appears
reasonable to assume that the same figures would

apply with lower frequencies such as to give distinct
bar patterns. ' ‘

It will be appreciated from these results that single-
frequency interference is, in general, more objection-
able than random interference, as the bar pattern
produced by the former is more noticeable than the
moving spots produced by the latter, for a given
intensity.

The level at which interfering signals first become
visible is clearly directly related to the minimum
perceptible percentage difference of brightness. It
has previously been found that this is nearly inde-
pendent of brightness over a wide range of brightness,
and is of the order of 1-2 per cent. For a figure of
1 per cent. the interfering signal would just become
visible at a signal/noise ratio, as measured in the
experiments described in this article, of 46 db., which
corresponds approximately with the level at which
single-frequency interference just became visible in
these tests.

Another important feature which these results
indicate is the comparatively small difference of only
about 12-14 db. in the level of noise which is just
visible in the absence of all other noise, and the level
of noise which is intolerable. Although this is, in
some respects, a useful feature, the importance of it
must not be overlooked when connecting a number
of links of a television circuit in tandem, for while the
noise in each individual link may just be invisible,
the noise on the overall circuit may become intolerable.

Book Review

“ Cathode Ray Tubes.”” Manfred Von Ardenne. Trans-
lated from the German by G. S. McGregor and R. C.
Walker. 530 pp. 465 Ill. Pitman. g42s.

This book is a revised English translation of a work
originally published in German in 1933. The author
has been associated with the development of cathode
ray tubes and their application to television technique
for many years, and the work is therefore authoritative.
The subject is divided into four main chapters dealing
with the construction of the cathode ray tube, the
accessory circuits, the application to measurements,
and the application to sound film recording and
television.

The first chapter is illustrated with some particularly
interesting photographs of ray paths to demonstrate
focusing, etc. Practical information is given regarding
the design and manufacture of gas-filled and high
vacuum tubes. The information regarding after-glow
in screens is interesting in connection with the applica-
tion to television transmission. The section on the
application of electron optics to focusing could, with
advantage, have been amplified in view of the progress
in this connection in recent years.

The second chapter gives useful information regarding
power supplies and pre-amplifiers. Although the
frequency ranges dealt with in connection with the
latter have been far surpassed in television development,
the general principles remain unaltered. Considerable
space is devoted to time-base circuits, particularly for
measurement work.

The wide field of usefulness of the cathode ray tube
as a measuring instrument is well illustrated in the third
chapter, and a careful study of this chapter will no doubt
suggest to readers other applications to their particular
problems.

In the fourth chapter the author’s pioneer work on the
application of the cathode ray tube to film scanning is
of considerable interest, but no attempt is made to deal
with the latest development in cathode ray television
receiver technique, the author referring the reader to
his later book on television reception.

The book is well illustrated with diagrams and photo-
graphs, and an extensive bibliography is given at the

end of each chapter.
R.F.J.T.
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Auxiliary joints are made on from 100 pairs up to
250 pairs of wires on the exchange side of the joint
and are usually situated at the junction of networks
for the 8 and 20-year planning periods as shown in
Fig. 5. Itisgenerally undesirable toinstall an auxiliary
joint at a point less than a %-of-a-mile from the
exchange. At points less than this distance it is
generally cheaper to carry the cable for the 20-year
period back to the exchange. It should be mentioned,
however, that discretion should be used in deciding
the position of these joints and there should be no

AUX. JOINT
100/ 10 — 150 [ 10
) N - _
TO EXCHANGE 30 30 TOD.P
70 70 U
MAIN\JOINT

F16. 5.—PRINCIPLE OF AUXILIARY JOINT.

hesitation in placing them at points adjacent to the
junctions of the 8 and 20-year planning point if
conditions warrant the procedure. This means either
extending the 8-year into the 20-year area or vice
versa.

Generally mechanical joints (Nos. 1, 2 and 3) may
be used on cables having 100, 200 and 300 pairs
respectively on the exchange side of the auxiliary
joint. Cables totalling more than 350 pairs should not
be used on account of the danger of damage to the
insulation of the wires and possible displacement of the
paper sleeves when the tube is removed. The number
of pairs which are led into an auxiliary joint from
D.P.’s in excess of those from the exchange varies
considerably and of course depends chiefly on the
forecast. Approximately 33 per cent. of the pairs on
the exchange side are taken into the auxiliary joint.

Teed Foints.—These joints are generally provided at
suitable junction points within the 20-year area.
These points are usually to be found at the junction
for several D.P.’s where the forecast figures do not
permit of all the total available pairs being carried
forward in the main track towards the exchange. In
Fig. 6 twenty-six pairs are shown connected direct
and the remaining twelve are teed to twenty-four
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F16. 6.—ExaMpPLE OF TEED JOINTS.

pairs from D.P.’s. Such joints should not be made on
pairs passing through an auxiliary joint as such an
arrangement tends to complicate the records.
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Lccal Loops (Link Pairs).—As previously explained, :
these provide a certain amount of flexibility between
D.P.’s and also have the advantage of absorbing dead .
pairs in the main track which, on account of cable
sizes, cannot be carried back to points of flexibility
or the exchange.

A cable scheme should be planned so that relief can
be provided, when necessary, by one or more of
the following methods :—

(1) By the extension of the plant at the extremities

of the area beyond the points of flexibility.

(2) By re-arranging auxiliary joints.

(3) By drawing-in additional cables between the

exchange and points of flexibility.

The practice of cutting into a large size cable for
single D.P. spurs should be avoided where possible
and the spur cables brought to the nearest joint
providing the distance is not more than, say, approxi-
mately 100 yards.

In planning development schemes for large areas,
it may be found very convenient to lay out the
proposals for the whole area, and then sub-divide
into smaller areas for estimating purposes, e.g., north,
south, east and west localities.

Aerial Cables.

These cables are usually designed to cater for the
20-year requirements and used in rural and urban
areas where the forecast figures do not warrant the
provision of a duct. Unless expensive reinstatement
conditions exist, aerial cables of types larger than
54 pairs are, as a general rule, not provided, but
the question of providing cables of larger size is
under review. Aerial cables up to this size are usually
employed unless footway grass reinstatement is
concerned, when underground may be found to be
more economical, but nowadays with the many
road-widening schemes that are either in progress or
contemplated, this type of reinstatement is met with
only on rare occasions. Before aerial cable construc-
tion is embarked upon, due consideration should be
given to:—

(a) Road Conditions.—It is not advisable to erect an
aerial cable route over a road which has numerous
twists and turns with large trees on either side, as
such conditions tend towards difficult and expensive
maintenance. Where acute bends exist in a long
length of route, it is good practice to lay duct at the
bend for such a length that is sufficient to provide
staying facilities for the two end aerial cable poles.

(b) Stays.—The strains and stresses on an aerial
cable route are considerable and unless suitable
conditions exist and the wayleaves are forthcoming
for the necessary stays and struts, it is impossible to
make an engineering job.

(¢) Junction Cables.—Invariably if a junction cable
is required along the same route, it is preferable for a
duct route to be provided unless both subscribers and
junction ultimate requirements are small, when
one or two cables may be provided aerially.

(4) Road Alterations.—Aerial cable routes would not
be provided where road alterations are contemplated
as this would involve costly shifting operations.
It is desirable, if possible, to wait until road operations



are in progress, lay a duct and avoid reinstatement
charges.

(e) Amenities.—This type of construction, which
cannot be considered sightly, is not recommended in
built-up localities and should be restricted in the
main to outlying areas.

Cable Design.

Aerial cable routes generally serve sparsely popu-
lated areas, included in which are isolated farms.
It has been the practice in one District to meet the
requirements of such farms by taking the back end
pairs, as well as the exchange side pairs, into inter-
mediate terminal blocks on the route, to avoid
running wires for long distances on the overhead
route. Should the subscriber cease service, then the
cable pair can be strapped through on the block and
used in another locality. This arrangement is similar
to the method of *“ local looping *’ as described earlier
in the article.

Subscribers’ Underground Distribution.

This method of providing subscribers’ service is
adopted only where economical or where otker methods
are impracticable. Where semi-detached houses are
concerned, one W.I. pipe is provided between the
public thoroughfare and the premises and two 1-pr.
10 P.C.T. cables are provided for the two houses.
Couplings can generally be used where the pipe joins
the main cable run. Depending upon the number of
houses and the forecast, 7, 10 and 15 pair cables are
used for direct distribution.

A general planning policy to be adopted on future
schemes on new estates is now under review by the
Engineer-in-Chief’s Office.

Distribution Poles.

The introduction of the ring type D.P. when used
with open wires has done much to improve the
appearance of overhead services and it is felt that
less objection will be offered to this type of overhead
construction than to the old cross arm covered wire
type of D.P.

Dependent upon the type of property and of course
the forecast, the ring type D.P. is frequently the most
suitable for urban type areas. These D.P.’s may be
provided to accommodate from 7 to 20 pair cables and
are situated approximately 90 yards apart.

From a general appearance aspect it may be prefer-
able to break out from a duct track and open a D.P.
rather than run a number of open wires for several
spans. This method is less subject to interruption
and therefore less costly from a maintenance
standpoint.

The @sthetic appearance of the ring type D.P. may
be considerably enhanced by fitting additional insu-
lators in positions diametrically opposite to the
existing insulators where one-sided distribution
predominates.

Block Wiring Points.

Every opportunity should be taken to install these
points where suitable conditions exist.

Where large D.P.’s are situated in the inner localities
of a busy town, the position should be reviewed from a
block wiring aspect, as it will be appreciated that to
provide new and maintain old services from such a
D.P. is comparatively costly.

“ Leads-in "’ to Large Buildings.

Where a number of floors in one building have to be
served telephonically it may be advisable to serve
each floor by a separate cable from an M.D.F. in the
basement rather than by diminishing cables to each
floor. This arrangements affords flexibility and when
congestion arises on any particular floor it can be
relieved by a redistribution of the main cable pairs
on the M.D.F.

Conclusion.

To deal with a subject of this magnitude it will be
appreciated that an outline of the broad principles
only can be attempted but it is felt that if the ideas
included in this article are put into practice many of
the difficulties experienced with local line plant will
be eliminated.
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Constant Impedance Equalisers : Simplified

Method of Design and Standardisation

U.D.C. 621.391.312.

F. PYRAH

In this article the author gives details of a method whereby constant impedance equalisers can be designed in a simple
non-mathematical manner. Details are also given of a variable equaliser, together with a suggested scheme of standardisation
of constant impedance equalisers for audio circuits.

Introduction.

OR many years equalisation of attenuation
Fdistortion on cables has been done by the

“ grid-tuning ’ type of resonant equaliser.
This type is quite suitable for coil-loaded lines of
comparatively low cut-off frequency, but is totally
unsuited for large amounts of equalisation or for the
equalisation of unloaded cables. The growth of multi-
channel carrier telephony and the consequent use of
either very lightly loaded or unloaded cables has
resulted in a more extended use of constant impedance
equalisers for the correction of attenuation distortion.
Apart from the use of such equalisers on carrier
schemes, the number of audio circuits for which it
has been necessary to provide them has increased
until at the present time there is a considerable
number of repeater stations at which constant
impedance equalisers are fitted. They are generally
fitted on special circuits, such as music circuits,
where the ordinary method of equalisation is un-
suitable owing to the use of unloaded cable or where
the repeaters are not equipped with attenuation
equalisers. Apart from the fact that such uses will
continue to occur, it is possible that unloaded cables
and flat gain amplifiers will become of general use in
the provision of short repeatered circuits, when
constant impedance equalisers will become part of the
normal equipment at all repeater stations.

The first equalisers to be fitted as permanent
equipment on Post Office lines were those for the
Port Kail-Donaghadee telegraph cables when they
werc released for use as telephone and V.F. telegraph
circuits in 1933. Since then the design of equalisers
has been undertaken by the Engineer-in-Chief’s Office,
from theoretical considerations or from transmission
measurements. Experience in this connection has
shown that considerable mathematical labour can be
avoided by the use of curves which are of more or
less general application. Further experience in the
use of these curves has led to the development of a
variable equaliser for use on audio (or voice) circuits,
and as a result of this work it has been found possible
to formulate proposals for standardisation of constant
impcdance equalisers for such circuits. As will be
explained later the general curves are applicable not
only to the voice range of frequencies but to carrier
frequencies also.

Method ot Design from Sivmple Mathematical Con-
siderations.

A previous article on constant impedance equalisers?,
to which reference should be made for general
information, has been published in this JournaL. The
article gives methods of design, but it is desirable in

1 PO.EE.J., Vol. 29, p. 302
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the present article to outline in brief another method.
It is as a result of attempts to simplifv this latter
method that the standardisation of equalisers becomes
practicable.
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Fic. 1. —GENERAL LADDER TyPE OF CONSTANT
IMPEDANCE EQUALISER. Z,=600Q.

The type of equaliser which is to be considered is
the ladder type having a characteristic impedance of
600 2 shown in generalised form in Fig. 1. Figs. 2
and 3 show the two particular forms of the equaliser
with which this article is concerned. The form shown
in Fig. 2 is generally used for unloaded lines of com-
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Fi1G. 2.—NoN-RESONANT TYPE EQUALISER.

paratively short length, and the equaliser shown in
Fig. 3 is used for loaded cables and also on long
lengths of unloaded line—often in association with
an equaliser of the form shown in Fig. 2.

Referring to Fig. 1, the ratio, n, of the voltage
across the input terminals 1, 2, to that across the
output terminals 3, 4, is given by

r\ . . X
n = (l -4 tﬂ)):] BOO "ttt 1 (a)

where r and x are the effective resistancce and
reactance respectively of A and jB in parallel.
Squaring 1 (a)

n? = (1 + ﬁ) l(({@ ............ 1 (b)

The transmission loss N of the equaliser is given by
Ndb.=20logn =10logn............... 2)
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F16. 3.—RESONANT TYPE EQUALISER.

Now assume it is necessary to design an equaliser
to produce a specified loss/frequency characteristic.
A typical characteristic plotted to a linear frequency
scale is given in Fig. 4. It can be seen that an exten-
sion of the curve at the low frequency end indicates
that the loss at zero frequency (D.C.) should be

found that if this is done the values of frequencies so
determined will also be in a geometrical progression.
This indicates that the loss characteristic will be
obtained by making use of a condenser as the only
reactive element in the series arm (see Fig. 2). It is
also possible to simplify the calculations by taking
fixed values of a ratio of B to A, and then it is possible
to have a table whereby conversion from a parallel
arrangement of resistance and reactance to its
equivalent series resistance and reactance can be
effected quickly.

Design Curves cf General Application and Non-
resonant Equaliser *“ Masks.”

A more useful aid to the evaluation of equalisers is
to plot on logarithmic paper a series of curves for
fixed values of A (and therefore basic loss) and
varying values of reactance B marked on a logarithmic
scale. Such a set of curves is shown in Fig. 5, the
vertical scale being marked in decibels. It will be
seen that although only three curves have been
plotted, it is quite possible to insert estimated
additional curves, such as the one shown dotted, for

1N

any basic loss without actually carrying out
any calculation. Such estimated curves are
sufficiently accurate for ordinary purposes. The

set of curves shown in Fig. 5 can be used for
the design of either of the equalisers shown in

Figs. 2 and 3, and this is done as follows :
First of all a basic loss is decided upon and
the value of A evaluated, using Equation 3 ; if

necessary the estimated curve for this basic loss

is inserted on Fig. 5. It is then possible to

3
ta )
: N\ |
i T~ —
nO 1000 2ooo'mm q‘ 3000 4000

Fi16. 4. —GENERAL SHAPE OF EQUALISER CHARACTERISTIC FOR

UNLOADED CABLE.

approximately N db. This loss will be referred to as
the basic loss of the equaliser. At zero frequency
assume the effect of the reactance across the resistance
A of Fig. 1 is nil. The value of x in Equation 1 (a)
is therefore zero and the value of r becomes equal to
A. Equation 1 (a) therefore reduces to

n=1+ A
- 600
or as n = antilog N/20
A =600 [(antilog N/20 — 1] ....(3)

Having thus found the value of the resistance A, it is
now possible to use arbitrary values of shunt reactance
B and to find their joint impedance in terms of
effective rcsistance and reactance. These values can
then be substituted in Equation 1 (b) and the trans-
mission loss evaluated from (2). Thus, for cach
arbitrary value of B it is possible to find the loss
which will result. Reference to the desired loss curve
(Fig. 4) will enable the frequencies to be read off at
which these losses are to occur. It then remains to
plot a curve of reactance/frequency which is to be
simulated in order to produce the required loss
characteristic. By taking values of B which are in a
geometrical progression, it is possible to avoid a fair
amount of arithmetical lJabour. Sometimes it will be

wa  write down the values of reactance B required
to give the desired loss characteristic of the
equaliser by reading off the values of frequency
and reactance for a common loss from the
two curves, i.e. equaliser loss curves of Fig. 5 and
curve of transmission loss of the line to be equalised,
or as it will be termed, ““ line plot.”
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I'16. 5. —GENERAL DESIGN CURVES FOR CONSTANT IMPEDANCE
EQUALISERS.

For the type of curve in Fig. 4, however, which
can be closely simulated by an equaliser of the type
given in Fig. 2, it will be found that if the curve of
required equaliser loss is plotted on logarithmic paper
the curve is of exactly the same shape as those

205



given in Fig. 5. This will be evident if it is
remembered that the reactance of a simple condenser
is inversely proportional to frequency. Thus if the
reactance loss curves of Fig. 5 are printed on a trans-
parent medium and this mask, as it will be termed,
is then placed over the required equaliser loss
frequency curve in such a manner that the latter
curve becomes, in effect, an extra curve in the set of
three shown, then the required equaliser curve can
be considered as being common to the two sheets.
This being so, there must be a common relationship
between the scales of frequency and reactance. This
is clearly so if they have both been plotted to the
same scale. It is only a matter, therefore, of reading
off the value of reactance B at any frequency, and
from the relationship B = 1/wC the value of C can
be determined. The value of L in the shunt arm
follows from the relationship L = C x 6002, which is
fundamental for constant impedance equalisers.
Even the evaluation of the condenser may be
eliminated by inserting condenser values instead of
reactance values in Fig. 5. Thus, having placed the

a5
3

value of resistances A and R, can, where necessary, be
evaluated from Equation 3 and the relationship
AR, = 6002 The joint resistance of A in parallel
with 600 Q gives the value of R;.

A better method of calculation, however, is to
evaluate R, and R, directly from the following :

where R, is the combined resistance of A in parallel
with 600Q and where n is the voltage ratio
corresponding to the basic loss.

It will be clear that when using a transparent mask
it is not necessary to plot the curve of required
equaliser loss as such. Provided the decibel scales of
the line plot and mask are inverse a direct comparison
can be made between the curves on the mask and the
line-loss curve.
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Fi1Gc. 6.—DEgsIGN CURVES FOR NON-LOADED CABLE EQUALISERS.

two sheets so that the required equaliser loss curve
and mask curve fit in with each other, suppose that
the value of reactance on the mask, which is coincident
with the 1,000 c/s index of the line plot is replaced by
the value of the condenser which will give that value
of reactance at 1,000 c/s. As the other values of
reactance are inversely proportional to frequency,
then all other reactance values may be similarly
treated. Thus the reactance scale now becomes a
scale marked off in capacitance values.

Fig. 6 shows a complete mask. Values of inductance
in the shunt arm of the equaliser are also shown, as
these are related directly to the capacitance in the
series arm. Such masks enable the type of equaliser
shown in Fig. 2 to be determined by comparing the
required equaliser loss characteristic with the mask
characteristic and reading off the basic loss together
with values of capacitance and inductance. The
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Extension f Methods for Resonant Equalisers.

The equaliser given in Fig. 2 is of a non-resonant
type, and its loss approaches zero as the frequency
approaches infinity. Such an equaliser is not suitable
for loaded lines and for certain unloaded lines. For
such lines it is usually necessary for the equaliser to
take the form shown in Fig. 3. The loss/frequency
characteristic of this type of equaliser is shown in
Fig. 7 (full curve), and it will be seen that, assuming
perfect coils and condensers, the loss is zero at a
finite frequency due to the resonance which occurs
between L. and Cs and between L, and C,. The
slope of the curve, that is the rate at which the loss
reaches zero, is dependent upon the relationship
between L. and Cs (or L, and C,); thus, if the
product L.Cs is varied, then the resonant frequency
1s also varied, and if the ratio is varied, then the slope
of the curve only is varied. It would appear at first
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sight that to obtain a set of curves from which an
equaliser of this type can be designed easily will
present some difficulty. This, however, is not so.

It will be realised that the basic loss is determined
by the value of A in Equation 3, and that the rate at
which this basic loss approaches zero 1s a function of
the reactive elements. From a consideration of the
curves for non-resonant equalisers (Fig. 5), it is
evident that a single curve for a basic loss of infinity
(i.e. A = infinity) could have been used with a fair
amount of accuracy, and it is reasonable to suppose
that this can be done for resonant type equalisers. As
the curve for such equalisers will require to show
both resonant frequency and variable slope, it is
evident that the omission of the resistance A will
effect considerable simplification in the plotting of
curves of general application. The dotted curve of
Fig. 7 shows the loss characteristic of an equaliser
when the basic loss is assumed to be infinity.

Assume the resistance A in Fig. 3 is omitted. The
equation connecting the loss of the equaliser with the
impedance of the series arm therefore reduces to:

2
Loss = N = 10 log,, <l + A> ........... (6)

Having omitted A from the network, it is left to
calculate values of reactance B for various values of
CzandLyinFig. 3. ThereactanceB,of any capacitance
C in series with an inductance L at a frequency f,
such that 2 7 f, = w, is given by :

1

Bl:wlL_w—lC

At the resonant frequency fo

1
VIC

27Tfo:u)0:

from which
1
T weC
Therefore substituting in (7)
_en 1
B, wo!C  w,C

Rearranging,

1 w, Wo
B, = o le) ................ (8)

At frequencies below resonance this value will be
negative, indicating capacitative reactance. Sub-
stituting this expression for B in equation (6).

_ 1 w Wo 2
loss—N db.-lOlogmlJrl:Jot(;; (71)] . .(%)

or, alternatively, as

1
U)oC = wDL

2
N db.=10log,y 1+ [wDLG-' — ﬁ)] ..(9b)

Wo wy

These two formula are of interest, because of the
ease with which the loss/frequency characteristic of
the type of equaliser under review can be determined.
Also, it can be seen that if a curve is calculated for a
particular value of woC (or wol), this curve is
applicable for an infinite number of values of either
w or C provided the same values of w,/w. are used
and provided the product wo.C remains constant.
Assume one such curve is calculated for say a
capacitance of ‘05 uF and plotted on a transparent
medium such as celluloid, using logarithmic paper
underneath for scale purposes. The scale of the
logarithmic paper should be marked off from 100 to
10,000 c/s and the decibel scale marked to a con-
venient size. Let the value f, (i.e. wo/27) be taken as
1,000 c/s. Draw a vertical line coincident with this
point. Now, if the transparent medium, or as it is
termed, mask, is moved horizontally along until the
vertical line coincides with, say, 5,000 on the
logarithmic paper, the points through which the
curve passes indicate the losses of the equaliser when
its resonance is altered to 5,000 c/s and the value of
the condenser has been reduced to one-fifth of its
1,000 c/s resonance value. If a point is now placed
on the horizontal axis of the mask coincident with the
1,000 c/s point on the logarithmic paper, this point
can be marked off with the value of 4/LC which
gives resonance at 5,000 c/s.

The curve calcuated is only one of an infinite
number which can be made to resonate at 5,000 c/s.
It can, however, be defined because the curve was
calculated using particular values of w,, C and L.
Thus, the slope of the curve applies to a particular
value of L/C (or C/L), and this value can be marked
off alongside the curve. That this is valid can be
seen if we consider the mask to be moved further
along horizontally until the vertical line indicating
resonance frequency is coincident with 10,000 c/s.
The value of the resonant frequency has been doubled.
From Equation 9(a) in order to keep the same curve,
C must have been reduced to half of its 5,000 c/s
value ; also from Equation 9(b) L must also have
been reduced to. half of its 5,000 c/s value, that is, the
ratio of L/C has remained constant but the values of
C and L have been changed. From this it will be seen
that a family of curves can be calculated and plotted
from Equations 9(a) or 9(b). Having done this, each
curve can be marked off with its value of L/C and a
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sufficient number of resonance points indicated by

marking off the value of 4/LC at points coincident
with the relative 1,000 c¢/s index to enable a con-
siderable number of equalisers of the type shown in
Fig. 3 to be designed quickly. In actual fact, if it is

remembered that the values of 4/LC are marked
off to the same scale as the logarithmic paper, then a
logarithmic scale can be placed on the mask from

which any value of 4/LC may be used in the design
of an equaliser. Fig. 8 shows the curves of a mask
constructed to be of use over the frequency ranges
-1 kc/s to 10 ke/s and
1 ke/s to 100 kc/s

It will be observed that the curves have been marked
with the values of 4/L/C, as this value is more easily
used than L/C.

From such a mask it is possible to design an
equaliser of the type given in Fig. 3 for either audio
or carrier frequencies in a matter of a few minutes by
. the solution of a few simple simultaneous equations.
This i1s done in the following manner.

First the loss/frequency characteristic of the line to
be equalised is plotted on the same type of logarithmic
paper as was used in the construction of the mask,
using the same scale of decibels on the vertical axis.
The mask is then placed over this with its vertical and
horizontal axes parallel to those of the line plot and in
such a position that one of the curves on the mask is
coincident with the line plot from a point as near as
possible equal to f,, to the frequency at which the
correction is +7 of the total amount of correction
required, as indicated in Fig. 7. After this the line
plot tlattens out and will cut the decibel scale of the
mask. The value read off on this latter scale is the
basic loss. Having thus placed the mask in the
correct position, the following values are read off :—

Basic loss in db.

4/C,L, (value coincident with 1 kc/s or 10 ke/s index).
4/L,/C, (value given alongside particular curve used).

The resistance components R; and R, of the
equaliser can be obtained from Equations 4 and 5.
The values of Cs and Ls are obtained from the
following two equations :

Lszl\/Cs—Lsx\/IC‘S .............. (1)

The shunt arm components are obtained from the
relationship
L,=C000% .. .......... ... .. (12)
G 6002
If a balanced equaliser is required, then the impedances
in the seriecs arm must be divided by two and each of
the impedances so obtained inserted ‘onc in each leg.
Where it is necessary to use equalisers having a
characteristic impedance Z, different from 6008, the
conversion is effected by multiplying all impedances
by the ratio of Z,/600. Calling this ratio r,
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Resistances are multiplied by r.

Inductances are multiplied by r.

Capacitances are divided by r.
Loss/Frequency Curves Requiring Two Equalisers.

Difficulties in obtaining satisfactory equalisation

with a single equaliser arise when the amount of
equalisation is large or when the frequency band to be
equalised is very wide. As an example, music circuits
often require as much as 30 db. equalisation over the
range 50 c/s to 6,000 c/s—a frequency ratio of 1 : 120.
For such circuits, when the limits of accuracy cannot
be obtained on one equaliser of either of the types
under discussion, satisfactory equalisation can be
obtained by using two equalisers, usually one to
equalise the lower frequencies and the other to
equalise the higher frequencies. Equalisation of lines
used for Carrier System No. 4 affords a good example
of the method of treatment.

Design cf Equalisers for Carrier Circuits.

The masks shown in Figs. 6 and 8 are intended
mainly for use on audio circuits, but they can also be
used equally well for any frequency range, as, for
example, the range of frequencies covered by Carrier
Systems No. 4 or No. 5 (P.O. 1 4+ 4 and 12-circuit
carrier systems respectively).
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A typical transmission loss/frequency characteristic
of a section of 25-Ib. conductor loaded with 6 mH
coils at 1,000 yards for Carrier System No. 4 is shown
in Fig. 9. The frequency range covered is 200 c/s to
16,000 c/s, and it is clear that two equalisers will be
necessary. The characteristic is therefore split up
into two separate curves, one conforming tothe shape
which is obtained by using a simple non-resonant
type equaliser, and the other curve to the shape
obtained by using a resonant equaliser. Referring
to the non-resonant equaliser, the required curve
would be obtained when the 100 c/s of the line plot is
coincident with the values C = 0-45 pF, L = 162 mH
of the mask. Extension of the line curve to a value
approaching zero frequency indicates a basic loss of
12 db. The evaluation of the resistances R, and R,
from Equations 4 and 5 completes the design of this
equaliser.






TaBLE 1. TABLE 2.
VALUES OF CONDENSERS AND INDUCTANCES OF VARIABLE
EQUALISER. VALUES OF RESISTANCES IN VARIABLE LEQUALISER.
|
i Values of Basic Basic
Position of | Loss | RI1 R2 - Loss R1 R2
Switch Arms ! Cl L1 C2 L2 Decibels | Q Q Decibels Q Q
CL1and CL2 wF mH pF mH : :
0 0 0 0 0 5 263 ‘ 770 20-0 540 66-7
1 ‘025 9 ‘0707 25-5 6-5 317 538 21-5 550 55-0
2 ‘0353 12-7 05 ¢ 180 8:0 361 397 23-0 558 45-6
3 05 18-0 0353 | 12:7 9:5 400 302 24-5 564 38-0
4 0707 255 ‘025 i 9-0 11-0 431 235 26-0 570 31-6
5 ¢ -100 36-0 . 0177 6-4 12:5 458 187 27-5 574 26-4
6 I 141 i 5140 + 0125 4-5 14-0 480 150 29-0 579 22-1
7 i +200 720 i -0089 | 3-2 15-5 500 121 305 582 18-5
8 I -283 {1020 [ -0063 ! 2-25 170 515 ! 98-8 ! 32-0 585 15-5
9 ‘ -400 I 144-0 ‘ 18:5 529 | 80-9 - 33-5 588 12:9
10 -565 i 204-0 | 20-0 540 | 66-7 & 35-0 530 10-R
TABLE 3.
VARIABLE EQUALISER SETTINGS—UNLOADED CABLE TyPE LEQUALISERS.
1,000 C/s. INDEX
UA UB uc uD UL UF UG UH uJ UK UL UM UN up
cricrfen e cLicLfeL cL cLicL CL |CL CLiCL|CL|CL CL‘CL cL,cLfcL cLjcL cLfcL: cL]cCL CL
1 ‘ 2 1 2 1.2 1 i 2 o1 L2 1| 2 1 2 1] 2 12 I ‘ 2 1 2 I 2 I 2 1 Zero Loss Index
‘ | “‘F‘\_ T ) ! | - -1 % 1 T
~@=—=LINKS IN POSN. 2——3 || < LINKS IN POSN. 1 >
o 8 ol 7 o | 6 o' s " o 2 o 3 i 0 4 | O 5|0 6 o 7 ‘ o 8 o 9 ofjro o —
‘i 3 181z, 7136 il sls! 46 307 208 1)]— —|— T L
| ‘ ri7fzliels staialsisfe 2y o) —J— —]—- — 2
‘ rli6fzis)s 4]e 3]s 2{eic)]— —|— —|—- —|- — 3
‘ r 5|z 43 .34 2)s t|]——~]— —|— —|— —|— — 4
tisfz s)slzjain)— —|— -} —|—- —|— —]- — 5
i 1 3 2 ‘ 2 3 1 j— - "y —-J1—-—'—}]-—- - —91—\—= 6
r 20z 01— — 1= 1= 01=-— |- 1= —_f-——"1=-—= N
‘ DR PN N N PR DU DR DR RN DENR 8
TABLE 4.
VARIABLE LEQUALISER SETTINGS—LOADED CABLE TYPE LEQUALISERS.
Links IN PosiTiON 2.
Curve Number
Family 1 9 3 4 ) 5 6 Resonant
o 1 o - A Freq.
i | fu
CL1 j CL2 | CL1 |, CL2 | CL1 lcLe|crLr o cre|cLr . crLe|crr cCL2
A - | — 7 1 8 2 9 3 10 4 — — 2,200
B 6 | 1 7| 2 s | 3 9 4 1w 5| - — 2,650
C 5 1 6 2 7| 3 8 | 4 9 5 | 10 s 3,150
D b} ‘ 2 6 3 7 ‘ 4 8 5 9 6 10 7 3,750
E sl 2] 51 316 a1 5|8 6] o9 1 4,450
F 4 3 5| 4 6 ! 5 7 6 8 7 9 8 5,300
G 3 3 4 |4 5 ‘ 5 6 | 6 7 7 8 8 6,300
H 3| s s e ]e 1|1 s ] — —] 700
J 2 | 4 3 05 4 ‘ 6 5 7 6 s | — — 8,900
K 2 5 3 6 | 4 | 7 5 s [ — — 1 —  — ] 100600
i t |
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densers and inductances used and Table 2 gives the
resistance values.

The masks for use with this variable equaliser
are printed on celluloid and are similar to Figs. 6
and 8 A third mask is also available; this
mask is similar to Fig. 8 but gives intermediate
curves and index points. It will be observed that the
masks have a ‘‘ family "’ letter which (referring to
voice circuits) when coincident with the 1,000 c/s of a
line characteristic plotted to the correct logarithmic
scale enables the loss/frequency characteristic of that
particular family of curves to be read off. The curves
themselves are also marked with a number, and to
set up an equaliser to give a particular loss charac-
teristic it is necessary to refer to Tables 3 or 4, from
which the setting for any curve of the families given
can be obtained. The equaliser has the following
settings on the three controls.

Basic loss : 20 steps. This covers the range 5 db.-
35 db. in steps of 11 db.

CL1: 10 steps. CL2: 8 steps.

By a combination of these settings it is possible to
obtain a total of over 2,500 curves, although the
settings given in the tables do not enable more than
2,000 of these curves to be specified ; the remaining
curves are considered to be of no value. The range
given by these curves is intended to cover the
frequency band 35 c/s to 11,000 c/s on both unloaded
and loaded cables.

Use cf Variable Equalisers.

The main use of variable equalisers will be to
enable correction of attenuation distortion on
circuits to be made without recourse to the Engineer-
in-Chief’s Office. This can be done by employing a
variable equaliser for trial and then, having proved
the suitability of the equaliser, a fixed one made up of
components similar to those used in the variable
equaliser can be substituted where desired. Another
use for variable equalisers is to be found where
temporary music circuits are to be set up for a matter
of a few hours for broadcast purposes. These circuits
are usually referred to as OB—outside broadcast—
circuits to distinguish them from SB (simultaneous
broadcast) circuits which are permanently rented by
the B.B.C.

The method of use of the masks has been given
earlier. Instead of having to perform calculations to
determine the equaliser components, the required
setting of the equaliser is obtained by noting the
basic loss, family letter coincident with the 1,000 c/s
index, and curve number. The required basic loss
on the equaliser can be set up directly from the dial
setting and the setting of the controls CL1 and CL2
can be obtained from Tables 3 or 4.

For unloaded cables equalisers of the form given in
Fig. 2 are usually satisfactory. Sometimes, however,
the line curve, instead of flattening out at the high
frequencies, continues as a more or less straight line
and cuts the horizontal scale of the mask. These
curves can be satisfactorily treated by noting at
which of the points marked “ zero loss index " the
line plot cuts the horizontal scale of the mask. The
setting required to obtain the desired curve is
obtainable as before by reference to Tables 3 and 4.

If a permanent equaliser is required then after
checking the suitability of the variable equaliser
setting the values of the components required can be
obtained from Tables 1 and 2.

It will be seen therefore that all settings on the
equaliser can be specified in the form of a simple three-
element code of which the following are examples :

15.G.3, and
20.UF.2.

The first number in the code indicates the basic
loss in decibels. Where this is followed by a single
letter this letter indicates the family of curves used on
the loaded cable equaliser masks. If, however, the
letter is prefixed by the letter ** U *’ then the equaliser
curve is of the unloaded type. The final figure of
loaded cable type equalisers gives the particular
curve number whereas for the unloaded type
equalisers it indicates the frequency at which the
equaliser loss is zero.

Standardisation cf Equalisers.

It is desirable to standardise any type of equip-
ment as far as possible. With constant impedance
equalisers this has not been possible up to the present,
but it is thought that sufficient progress has now been
made on the practical side of equaliser design to
warrant future standardisation of all equalisers used
for audio circuits.

The chief advantages to be gained are :

(@) A standard specification can be drawn up to
cover all equalisers.

(b) Equaliser units can be stocked, so enabling
equalisers to be made up at short notice or
replacements to be effected with little delay.

(¢) Full design data and performance within close
limits can be specified in the form of a simple
code, thus simplifying records and eliminating
the need for a large number of equaliser
diagrams.

The equaliser units referred to in (b) above will each
consist of a two-section inductance and two-section
condenser in the same case. The inductances will be
inverse to the condensers so that in an equaliser to
Fig. 2 it will be necessary to use only one unit. The
necessary resistors will be made up as required and
will be screwed on the top of the case. It will be
possible to mount six of the proposed units on a
standard 19-in. by 3}-in. mounting together with a
connection strip.

Conclusion.

The subject of attenuation equalisers is at the
present time of considerable moment and it is hoped
that this article has shown that, by the use of suitable
‘“ masks,”” the design of constant impedance equalisers
of the types discussed has been simplified to a con-
siderable extent. At the present time the long-
distance backbone cables are all being designed for
12-circuit carrier systems. Attenuation equalisation
is an absolute essential for this scheme. The future
of the shorter distance, i.e. zone to group, cables is
under consideration, and it is more than likely that
attenuation will be catered for by feedback amplifiers,
and all attenuation correction will be done on the line.
The importance of the subject is consequently obvious.
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A New Power Plant for P.M.B.X’s.

U.D.C. 621.311.8 : 621.395.23

W. S. ATHERTON

Up to the present, double battery schemes (charge-discharge working) have been standard for the power supply at
P.M.B.X'S. The author describes the single battery float scheme which will be provided on future installations.

Introduction.

HIE various methods of supplying power
to P.M.B.X'’s. may be summarised as
follows :—
(a) Primary Cells.
(b) Power Iead.
(¢) Secondary Cells.

Where more than one of the above methods is
possible, the choice is determined from economic
considerations. Excluding the smaller switchboards,
the choice usually lies between methods (b) and (c),
and generally,supply by means of a power lead proves
the cheaper.

Where secondary cells are installed it has been the
practice to install duplicate batteries worked on a
charge-discharge basis. With very few exceptions the
cells are charged on the subscriber’s premises from the
public supply mains or the subscriber’s private
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New Type f Plant.

In the new plant only one battery is used and it will
usually be of lower capacity than either battery of the
superseded power plant, so that the actual cost of the
cells has been more than halved. There is no control
equipment corresponding to the existing charging
panels, (Panels, Charging No. 7, 9, etc.), i.e. the
switchgear and associated apparatus for changing the
batteries from charge to discharge and vice-versa,
and disconnecting the mains supply automatically
at the completion of a charge. The need for periodic
‘visits has also been eliminated as the battery is
continuously floated.

The schematic diagram of the new plant is shown in
Fig. 1, from which it will be seen that the load is in
parallel with a 12-cell battery floated across the mains
via a metal rectifier (Rectifier, No. 38).

Three sizes of rectifier, capable of supplying maxi-
mum loads of 15, 30, and 60 Ah per day (denoted by
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Fi1c. 1.—CircuiT CONNECTIONS.

supply. Economic considerations apart,secondary cell
power plants have two important advantages over
power lcads :(—

(1) Continuity of service is practically ensured.

(2) Improved transmission due to a steady, higher
mean voltage at the P.M.B.X. bus bars.

The relatively high cost of secondary cell installa-
tions arises partly from the capital and installation
cost of the cells and the associated control and charging
equipment, and partly from the high maintenance
charge. The bulk of the latter charge is caused by the
necessity for periodic visits at shortintervalsto change
over the batteries.

It was realised that a considerable reduction in these
costs might be effected by a properly designed float
system. Such asystem has now been standardised for
the power supply to P.M.B.X's. equipped for more
than five exchange lines (switchboard AT3796, etc.),
where an A.C. mains supply is available.
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suffix letters A, B and C respectively), have been
standardised. For larger loads rectifiers may be
connected in parallel.

The rectifiers, which have been designed in collabora-
tion with Messrs. Westinghouse Brake & Signal Co.
Ltd., consist essentially of a mains transformer and
bridge connected rectifier. A choke in the D.C,
negative lead provides sufficient smoothing for P.B.X.
work. The mains transformer secondary taps and the
resistance in the secondary circuit allow for adjust-
ment of output during manufacture. In the smallest
size (Rectifier No. 38A) this resistance is also used to
provide three different outputs by taps, thus effectively
combining three sets in one, viz., a capacity of 5, 10
or 15 Ah per day. The function of the relay connected
across the secondary of the mains transformer is to
give immediate notification of a failure of the mains
supply. The circuit arrangements are described later.
Figs. 2 and 3 are photographs of the smallest and
largest sizes respectively.
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F16. 4. —REGULATION CURVES.

conditions, from 24 to 30 volts maximum. How these
limits are maintained will, perhaps, best be made clear
by considering a practical example. Suppose that a
switchboard with a day load of 30 Ah (calculated at
26 volts) is served by a Rectifier, No. 38B. Insuchan
installation the battery capacity would not be less
than 50 Ah. Experience shows that normally 40 per
cent. of the day load is concentrated in the two busy
hours. It will be assumed that the other 60 per cent.
is totally absorbed in six hours. The actual load
delivered during the busy hours, therefore, will be
40 per cent. of 30, that is 12 Ah at an average current
of 6 A. The remaining 18 Ah will be delivered
in six hours at an average current of 3 A. During the
busy hours the battery will be discharging and the
battery voltage will consequently not be greater than
24 V. With nominal mains voltage the output from
Rectifier No. 38B at 24 V is approximately 3 A, as
will be seen from the regulation curves, Fig. 4, so
that the battery must supply 2 (6—3) = 6 Ah. TFor
the remaining six hours the load current and the
rectified current will both approximate to 3 A and
hence it is not likely that there will be any further
appreciable drain from the battery. The total drain
from the battery during a normal day is thus 6 Ah,
which will not lower the voltage of a 50 Ah battery
below 24 V.

At the end of the working day in this assumed
installation the rectified current will be equal to
3 A, and the load current will be zero. The battery
is now on charge and the battery voltage will rise
more or less gradually and, as a consequence, the
charging current will be progressively reduced. The
battery will continue charging with a rising voltage
and a falling charging current until a point is reached
at which the rectified current has fallen to a value
incapable of causing any further voltage rise. The
system will remain stable at this point until either the
mains voltage changes or a load is applied.

The actual battery voltage at which the system will
stabilise under no load conditions is determined by the
final charge rate, that is the ratio of the battery
capacity to the rectifier output. The maximum current
the rectifier can deliver at 30 volts may be read off the
regulation curve for mains 6 per cent. high, Fig. 4,
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and is seen to be approximately 0-3 A, and thus the
maximum charge rate at 30 V. would be 50/0-3
that is 167. The following typical figures, obtained by
test on the Post Office enclosed type cells, show how
final battery voltage is related to charge rate :(—

Final volts Final voltage cf fully

Charge rate per cell charged 12-cell battery
30 hour 2-6 31-2
50 hour 2-57 30-8
100 hour 2-52 30-2
133 hour 25 30
200 hour 2-46 29-5
500 hour 2-33 27-9

As 167 lies between 200 and 133 in the above table
the maximum voltage that will be reached in the
assumed installation will lie between 29-5 and 30,
and will be reached only when the input mains are
6 per cent. high—quite a likely condition during the
night. At these rates gassing is inappreciable and the
battery may be left on charge indefinitely.

Curves showing the actual rise in battery voltage and
decline of charging current with a Rectifier, No. 38B
connected to a completely discharged 12-cell, 50 Ah
battery on no load are given in Fig. 5.
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F16. 5.—RISE IN BATTERY VOLTAGE AND DECLINE IN
CHARGING CURRENT,

When the mains supply fails the load will be served
solely by the battery. Even if the failure takes place
at the end of the working day the example just
considered shows that a large fraction of the rated
battery capacity will be available. It has been
assumed, rather arbitrarily, that the average dis-
charge during the busy hour, under mains failure
conditions, should not exceed the 8-hour rate. As
already stated it is a good working rule that 20 per
cent. of the day load is absorbed during the busy
hour, hence, if L is the day load in ampere-hours, the
average load current during the busy hour is numeri-
cally equal to L/5. If this is not to exceed the 8-hour
rate the minimum capacity of the battery must be
L/5 x 8, that is 1:6L. Thus at whatever time of the
day failure of the mains supply occurs there will be






Notes and Comments

Publication under War Conditions

Time has not been sufficient since the outbreak of
war for the Board of Editors to consider fully the
long term policy of the JOURNAL in the present emer-
gency. It can be stated, however, that the Board
proposes to make every endeavour to continue
publication and trusts that it will receive full support
from contributors, subscribers and advertisers.

Certain of the editorial staff have been decentralised
from London but communications, other than those
in reply to specific enquiries, should continue to be
addressed to the Managing Editor, P.O.E.E. JoURNAL,
Alder House, Aldersgate Street, London, E.C.1.
Arrangements will be made for these communica-
tions to be forwarded to the official concerned.

Staff Changes

The Board of Editors regrets that it has not been
possible to obtain details of the staff changes which
have taken place during the past three months. It
is hoped that it will be possible to resume this feature
in the January, 1940, issue.

Mr. C. W. Green
In the last issue of this Journal, reference was
made to the appointment of Mr. C. W. Green as

Technical Representative in Europe of the American
Telephone & Telegraph Company and Bell Telephone
Laboratories in succession to Dr. L. F. Morehouse.
Mr. Green was instructor in electrical engineering at
the Massachusetts Institute of Technology from
1907 to 1914, and assistant professor from 1914 to
1917. He subsequently joined the Western Electric
Company and was there engaged on repeater develop-
ment. In 1922 he was appointed Carrier Telephone
Engineer in the Bell Telephone Laboratories. Mr.
Green is a member of the American Institute of
Electrical Engineers.

There is no need to remind our readers of the value
which the Post Office place on the direct representa-
tion of the American Telephone & Telegraph Com-
pany and Bell Telephone Laboratories in this country.
The representatives appointed have not only been
engineers of wide knowledge and experience but they
have had the gift of co-operating whole-heartedly
with the British Post Office and with other European
administrations. In offering a very sincere welcome
to Mr. Green, the Board feel sure that relations with
him will be as friendly as with his predecessors and
hope that he will enjoy his stay on this side of the
Atlantic.

The Institution of Post Office Electrical Engineers
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1458 XNomogram.: the theory and practical con-
struction of computation charts.—H. ]J.
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(Brit., 1938.)

1461 Toundations of Technical Drawing.—A. C.
Parkinson. (Brit., 1938.)
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1463 Aluminium Bronze.—Copper Development Asso-
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1939.)
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Flux.—Miles Walker. (Brit.,, 1933.)

1473 Electricity Meters and Meter Testing.—G. W.
Stubbings. (Brit., 1939.)

1474 Introduction to the Calculus: Part I.—S.
Beatty and J. T. Jenkins. (Can., 1933.)

1476 Introduction to Modern Statistical Methods.—
P. J. Rider. (Amer., 1939.)

1477 Cathode Ray Tubes.—)\I. von Ardenne, trans. by
G. S. McGregor and R. C. Walker. (Cont.
1939.)

1478 Carburation and Carburettors.—C. H. Fisher.

(Brit., 1939.)

New Editions.

932 Handbook of Technical Instruction for Wireless
Telegraphists.—H. M. Dowsett. (Brit., 1939.)

942 High-frequency Alternating Currents. — I,
Mcllwain and J. G. Brainerd. (Amer., 1939.)

1031 Motor Vehicle: A Descriptive Text-book of
Chassis Construction for Students, Draughts-
men and the Owner-Driver.—I{. Newton and
W. Steeds. (Brit., 1939.)

1168 Meter Engineering: A Practical Book on the
Installation, Testing and Maintenance of
Electricity Meters.—]J. L. Ferns. (Brit., 1938.)

1274 Accumulator Charging : Maintenance and Repair
—Covering Charging and Upkeep of Accumu-
lators for Wireless \Work, Electrical Vehicles,
Motor Cars and Cycles, Country House Lighting
and Emergency Plants.—W. 5. Ibbetson.
(Brit., 1938.)
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specialist wiremen and the construction work is a credit
to the men concerned.

Power was brought to a point near the site by the
North Wales Power Company on an 11 kV 3-phase
overhead line, and this is continued underground to the
transformer house where it is terminated on a 25 kVA
H.T. transformer. The radio station is mains operated
at 240 V, but a standby Diesel charging set of 25 h.p. is
installed for emergency purposes and an automatic
switch brings this into operation within nine seconds of
a mains failure. The station will be unattended and it
is anticipated that two maintenance visits will be
required weekly.

South Western District
DEATH OF MR. H. G. SMITH

The sudden death at the age of 57 of Mr. H. G. Smith,
Area Engineer, Bournemouth, while playing tennis, on
July 22, 1939, came as a shock to his many friends and
colleagues throughout the Service. Up to the time of his
death he had enjoyed perfect health, and this made the
suddenness of his passing the more noticeable.

Mr. Smith was an ex-National Telephone Co. servant
and transferred to the Post Office in 1912, when he took
up an appointment as Inspector at St. Albans. During
the Great War he was stationed at \Vatford and was
subsequently promoted to Chief Inspector at St. Albans
in 1924, where he remained until his promotion to Asst.
Engineer in the Norwich Section in 1930.

When the post of Efficiency Engineer became vacant
in the Eastern District in 1933, Mr. Smith was trans-
ferred to Cambridge to fill it, and during his period as
Efficiency Engineer he carried out valuable investiga-
tions in the Eastern District for the Committee on Unit
Construction Costs (Internal), which materially assisted
in the determination of suitable internal items and rates.
Mr. Smith was at the time of his death a member of a
Headquarters Committee which was reviewing the
Internal Unit Construction Costs scheme, and his work
in this connection will be greatly missed.

In 1936 he was promoted to Executive Engineer at
Bournemouth, where he remained until his death, which
took place only three weeks after the opening of the
Bournemouth Telephone Area.

“H.G.” will be remembered for his enthusiasm and
abundant confidence which never failed to act as a tonic
on his colleagues.

South Eastern District

INAUGURATION OF THE CANTERBURY
TELEPHONE AREA

An inauguration ceremony in connection with the
Canterbury Telephone Area took place at 3.45 p.m. on
August 21st, 1939, at Telephone House, Canterbury.
In this new and commodious building will be housed the
headquarters staff of the new Area, formerly housed in
a number of different buildings under the control of the
District Manager and Sectional Engineer.

The gathering took place on the fourth floor of the
building when Mr. MclIntyre, Surveyor of the South-
LEastern District introduced the Telephone Manager,
Mr. B. R. Mead, to the assembled company of about 250.
Mr. Mead then took the chair and welcomed the staff of
the new organisation. TFurther speeches followed by
Mr. A. B. Morice (Acting Superintending Engineer,
South-Eastern District), Mr. B. Lister (Area Engineer),
Mr. B. Knowlden (Chief Clerk), Mr. T. R. Thompson
(L,ocal Whitley Committee, Staff Side), Mr. T. S. Stigger
(Post Office Engineering Union), and Mr. C. T. Burrows
(Enginecring Whitley Committee).

After greetings telegrams of good wishes which had
been received by Mr. Mead had been read, the pleasant
proceedings were brought to a close by a tea, and a
staff dance followed in the new building in the evening.
An excellent opportunity was thus afforded for the
commercial and engineering staffs to become acquainted
with each other and with the work of the various sections
of the new organisation.
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The Board of Editors wishes to inform
readers that it will make every
endeavour to produce this jJournal
regularly, and with as little change as

possible, during the present emergency.
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