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This article is concerned with the latest type of 12-circuit carrier sy§tem now being introduced in the trunk network of this country ;

it deals with the reasons underlying the introduction of a new system, with the basic features, the requirements laid down for the

performance and certain other miscellaneous features. A subsequent article will deal with more of the circuit details and give
figures showing the performance of installations employing the new equipment.

G:neral.

HE No. 7 carrier system is the successor of those

of the N -. 5 and 6 types! and supersedes those

systems. Basically it is a system designed to
provide for the transmission of a group of twelve
circuits upon pairs in cables designed specifically for
what has become known as ‘‘ 12-circuit working.”
At the same time it is designed to provide many
special facilities and incorporates features resulting
from experience with the earlier systems.

At the 1938 meeting of the C.C.1.F., which was held
at Oslo, there were tabulated certain recommendations
regarding the performance of 12-circuit carrier
equipment as used in connection with the provision
of International circuits. Fundamentally the
recommendations were as follows :—(1) The twelve
channels of a group assembled in the frequency range
12 to 60 kc/s should be the erect sidebands of the
twelve virtual carrier frequencies 12, 16, ......
56 kcfs. (2) The range of frequencies transmitted
effectively should extend, for each channel of the
group, from 0-3 to 3-4 kc/s.

Actually, the systems in use in this country at the
time of the Oslo conference did not meet the
requrrements indicated above; the No. 5 and 6
systems use the lower sidebands (i.e. frequencies
transmitted to line) of the carrier frequencies 16,
20, ...... 60 kc/s and, in addition, they are designed
to provide an effective transmission range per channel
from 0-3 to 2-6 kc/s. That the C.C.I.LF. had recom-
mended for international use a system, the per-
formance of which differed from that in use in this
country, did not necessarily mean the abandonment
of he systems in use but it was clearly necessary
to examine if a change of system was warranted.
Briefly, the retention of the existing systems meant
that the introduction of another system would be
avoided, that the general use of inverter equip-
ment would be unnecessary, and that it would be
necessary to use special systems only on 12-circuit
routes connecting terminals in this country with
points abroad. On the other hand there were
advantages in introducing a new system and these
were as follows :—

(1) The two systems in use (Nos. 5 and 6) were very
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different in construction and it was apparent that a
new and more standardised system should be intro-
duced at some time.

(2) The performance requirements of the system
recommended by the C.C.ILF. meant considerable
technical advancement, the broad channel band being
particularly attractive.

(3) The firms manufacturing carrier telephone
equipment in this country would not be called upon
to produce one type of equipment for use in this
country and another for export.

(4) It would be possible to introduce new features
and improvements shown to be desirable by
experience with the earlier types of system.

(8) The form of the new system could be such that
it would be suitable for use as the basic group for use
in connection with coaxial cable equipments, i.e. it
was possible to have a standard 12-circuit group end
for use in connection with either the special carrier
pair cables or the coaxial cables.

(6) It was likely that a saving of repeater station
space could be effected.

After due consideration it was decided that a new
system having the performance recommended by the
C.C.LF. should be introduced; the result is the
Carrier System No. 7.

Basic Features.

The main problem to be faced in the design of the
new system was the greatly increased ratio of
frequency range effectively transmitted to band-
width available per channel. In the earlier systems
this was (2-3)/4, whereas that of the new system
was (3-1)/4, i.e. adjacent channel suppression had to
be accomplished in 0-9 kc/s instead of in 1-7 kc/s.
Using filters employing reactors of normal con-
struction this would have been possible if some
form of double frequency changing?® was employed,
but it was apparent that the problem would be most
easily solved by using quartz (or similar) crystals
as certain of the filter reactors.

With crystals of normal construction it is not
desirablz to use elements resonating at frequencies
much below 60 kc/s; if this limit is exceeded the

2G.E.C. Journal, Vol. 9, p. 48.
3p.O.E.E.]J., Vol. 31, p. 254.
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crystals become too large. It was therefore decided
to form the group initially in the frequency range 60
to 108 kc/s and to group frequency change the whole
group to place it into the range 12 to 60 kc/s; this
latter step can be effected with the aid of a group
carrier frequency of 120 kcfs, The choice of this
particular arrangement was governed by the following
factors :—

(1) A sub-committee of the C.C.I.F. which had
met in London in December, 1938, had recom-
mended that one of the basic groups for use in

A BB

Tests on cables laid for 12-circuit working had
shown that it was possible to adjust far-end crosstalk
values so that the transmission of line frequencies
up to 108 kc/s was practicable ; on certain cables it
was found that the far-end crosstalk values could
be made so good that working to frequencies much
in excess of this figure was possible.  With a view
to utilising this cable properly it was decided so to
arrange the layout of the No. 7 type equipment
that, if and when necessary, 24 channels could be
transmitted on one cable pair; it is apparent that

@

(o)

\

[ S

A dddddd

¢ NNNNNNMNNE\_M\I

] ©

0 4 12

60

108 120

- FREQUENCY (ke/s }

FiG. 1.—FREQUENCY SPECTRA USED IN SvsTEMs Nos. 5, 6 AND 7.

connection with systems designed to use coaxial
cables should employ the range 60 to 108 kc/s, the
channels being assembled as the lower sidebands of
the carrier frequencies 64, 68, ...... 108 kcfs. A
twelve channel group employing this particular range
after one frequency changing stage was therefore
suitable for use as a basic group on coaxial cable
systems.

(2) Within the frequency range concerned the
design of filters presented no particular difficulties
and the band width to mid-band frequency ratio was
not too small.

(3) As the range of frequencies (60-108 kc/s) was less
than one octave the group frequency changing stage
wasunlikely to cause undue inter-channel interference.

Fig. 1 shows in diagrammatic form the frequency
spectra used in the Nos. 5, 6 and 7 systems. Fig. 1(a)
represents the spectrum concerned in the No. 5 and
6 systems; 'V’ indicates a voice band approxi-
mately 4 kc/s wide, the vertical arrows the real or
virtual carrier frequencies and the twelve numbered
triangles the twelve channels as transmitted to line.
Fig. 1(b) illustrates the assembly (as in the No. 7
system) of twelve channels in the frequency range
60 to 108 kc/s, the channel frequencies being
“inverted ” with respect to the modulating fre-
quencies. Fig. 1(c) indicates the inversion and
frequency shifting accomplished by modulating the
band of Fig. 1(b) by a carrier frequency of-120 kc/s
and selecting the lower sideband.
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this arrangement involves the omission of the group
frequency changing stage from one of a pair of
channel equipments and for the provision of equip-
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F1G6. 2.—TERMINAL STATION WORKING ON
““ 24 CHANNEL Basis.”

ment (filters}) to combine the two groups. The
arrangement of terminal station equipment working
on a ‘24 channel basis ” is illustrated in Fig. 2.
The frequencies transmitted to line are, of course,
those of the normal twelve of the system plus those
obtained after one stage only of frequency changing,



i.e. those of Figs. 1(b) and 1{c). Cable attenuation
at 108 kc/s is such that, using line amplifiers having
a gain of 65 db. the maximum repeater spacing is
16-0 miles compared with 22-0 miles when the
maximum transmitted frequency is 60 ke/s ; existing
routes laid down on a basis of 22 mile spacing do not,
therefore, lend themselves immediately to 24-circuit
working. Certain new routes will be laid down
with the maximum spacing of 16 miles.

The possibility of working on a 24-circuit basis
made it necessary to introduce new line amplifiers
as those in use in connection with the Nos. 5 and 6
systems will not transmit effectively at frequencies
much in excess of 60 kc/s. At a later stage con-
sideration will be given to the design of this amplifier.

Performance Requirements.

When the design of the new system was considered
the following performance requirements were taken
into account :—

(1) When used in conjunction with pairs in the
12 quad carrier type cable of standardised design and
amplifiers spaced at suitable intervals the equipment
should be capable of providing either 12 or 24 channels
per pair.

(2) The system should operate on a 4-wire basis
separate cables being used for the *“ go ’” and *‘ return”
directions of transmission.

(8) The end-to-end {frequency response of all
channels should be within the limits shown in Table 1.

TABLE 1.
Frequency cfs | 800-400 | 400-500 | 600-2400 2400-3000,‘ 3000-3400

N
Loss in decibels +5-7 +2-9 +1-1 +2-9 +5-7
relative to that to to to to to
at 800 cfs. —-11 -11 —11 —11 —1-1

{(4) The audio to sideband and sideband to audio
response of the channel equipment should be in
accordance with Table 2.

TABLE 2.

Audio Input Freq.
{or corresponding | 300-400 400-600
Virtual side Freq.)

600-2400 | 2400-3000 | 3000-3400

Loss in decibels
relative to that at +4-3 +2-15 +0-85 +2-15 +4-3
800 c¢/s or to to to to
corresponding -0-85 —0-85 —0-85 —0-85 —0-85
Virtual side Freg.

(Note.—The Contractors concerned were advised
that the performance limits indicated in tables 1 and 2
would be considered as applying only until a sufficient
number of equipments had been made to determine
just how far these limits could be tightened without
making the apparatus impossible from a manufactur-
ing point of view.)

(5) Noise, however caused, should not exceed 2
millivolts (E.M.F.) as measured on a circuit noise
measuring instrument weighted in accordance with
the relevant C.C.I.F. recommendations, the measure-
ment being made at a point of zero relative test level.

(NoTE.—The “relative test level ” at a point is
the power level which would exist at that point were
1 milliwatt applied at the 2-wire input terminals of
a circuit via a differential transformer having a
2-wire to 4-wire loss of 4 db. Transmission terms

and definitions have recently been reviewed having
regard to the C.C.ILF. recommendations and in
future quantities quoted as “ relative test levels”
in this article may be referred to either as ‘ relative
levels 7 or ““test levels” according to the terms of
the new definitions. The present term has been
used because those which may supersede it are not
vet in general use.)

(6) The system should be designed to operate
satisfactorily with the input test level at the 4-wire
point of any channel at any value between —13:5
and 4-10 db. with reference to 1 mW in 600 ohms.
The impedance at the 4-wire input point of a channel
should be 600 ochms.

(7) With the input levels mentioned under (6) the
design of the receiving portion of the channel equip-
ment should be such that the 4-wire output level
could be varied in steps of 1 db. (4 0-25 db.) to any
value between 0 and 4 10 db. with respect to 1 mW
in 600 ohms. The impedance at the 4-wire output
point should be 600 ohms.

(8) The sum of the carrier leaks from 24 channels
should be at least 12 db. below the relative test level
per channel when measured at the output of the
channel equipment.

(9) The relative test level at the output of the trans-
mitting line amplifier should be sensibly equal to
+5 db. with respect to 1 mW.

(10) Points of flexibility (jumpering frames) should
be provided at certain points so that flexibility of
channel, group and line equipment could be attained.

(11) Line amplifiers should be capable of operating
efficiently over the frequency range 12 to 108 kc/s.
They should have a maximum gain of 65 + 1 db.,
the gain being adjustable over the range 45 to 65 db.
The input and output impedances should be sensibly
equal to 600 and 140 ohms, respectively, the return
loss against these impedances being a minimum of
20 db. in each case. With an output level of 25 db.
in excess of 1 mW the harmonic suppression should
be at least 55 db. The overload point should be at
least 30 db. in excess of 1 mW. The amplitude
distortion should be such that the amplifier gain
does not change by more than 0-5 db. when the
output level varies from —40 to +10 db. with respect
to 1 mW. It is required that the amplifier does not
oscillate under working conditions.

(12) The equalisation of attenuation distortion
should be such that at any station the residual
distortion does not exceed 4 db. over the frequency
range concerned and at stations where an H.F.
repeater distribution frame is installed (see later) the
residual distortion should not exceed 2 db.

(13) The carrier frequency generating equipment
should be capable of providing the carrier frequency
supply for 48 channel and group equipments. It
should also be capable of transmitting a 60 kc/s
signal on 24 cable pairs.

(14) The carrier frequency generating equipment
should be capable of being controlled by a high
accuracy 1 kc/s source or by a 60 kc/s signal received
from another station. The design of the carrier
frequency synchronising equipment should be such
that it is not affected by the presence of sideband
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signals on the line carrying the synchronising current.
The carrier generating equipment should be capable
of sending a synchronising tone on any or all cable
pairs and being controlled by tone received from
any cable pair.

Reasons for choosing the Performance Requirements
specified.

Consideration will now be given to the factors
underlying the foregoing requirements.

Requirements (1) and (2) are self explanatory.
As for (3), the end-to-end channel response required
is two-thirds of that recommended by the C.C.I.F. for
an international circuit; actually it is desired to
obtain a response superior to this but, as indicated
earlier, the figures shown were taken as being satis-
factory for initial designs. The requirement for the
audio to sideband and sideband to audio response is
such that, with a group formed of two channel equip-
ments of different manufacture, the overall end-to-end
response is not likely to be inferior to that of require-

crosstalk) be measured with certain levels of inter-
fering signal ; it is required that the interfering signal
shall be speech on two channels disturbing at a
level of 4 db. below R.T.P.

At first sight it would appear that the levels which
may be applied at the 4-wire input point are unduly
wide (requirement (6) ). Actually these were chosen
bearing in mind these factors; the test level at the
output of an audio 4-wire repeater is 410 db. relative
to 1 mW and it may be desired to extend an audio
circuit on a carrier basis without providing special
attenutors and without using non-standard levels ;
under pad switching conditions (and this is the
limiting condition) the level available at the 4-wire
input point may not exceed —13-5 db.

The range of output levels mentioned in require-
ment (7) is such that a carrier circuit may be extended
on an audio basis and still provide the standard test
level on the 4-wire line and, in addition, directly
terminated circuits may be adjusted to have a 2-wire
to 2-wire loss of 0 to —4 db. ; if used with 3 db. 2-wire
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F16. 3.—TERMINAL STATION—BLOCK ScHEMATIC DIAGRAM.

ment (3). After experience with the first few group
ends of the new design it is hoped that it will be
possible to make the audio to sideband and sideband
to audio response requirements 50 per cent. of the
end-to-end requirements.

The limit for factor (3) is considerably superior
to that recommended by the C.C.1.F. for international
circuits. The figure of 2 mV of total noise at a point
of zero relative test level was decided upon as a result
of experience with earlier multi-channel carrier
systems ; usually the channel noise is likely to be very
much less than the specified maximum figure. The
2 mV EMF. (1 mV P.D. at a 600 ohm point) is
intended to cover unwanted interference however
produced and includes intelligible crosstalk, unin-
telligible crosstalk, noise from power supplies, valve
noise, thermal agitation (Johnson) noise, inter-
modulation products, etc. As intermodulation is a
function of loading the specifications concerned
require that inter-channel interference (within-group
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extensions at each end of that portion of a circuit
provided on a 12-circuit basis it is still possible to
obtain a zero loss circuit.

The requirement in connection with carrier leak
is such that with reasonable changes in rectifier
bridges when in service, the total carrier leak shall
not be of such a level as to interfere with routine
channel level measurements or such as to cause undue
loading of the line amplifiers.

Requirement (9) is bound up with the overload
point of the type of line amplifier employed and with
the number of channels to be handled simultaneously.
Much research has been done and much written on
the relationship between channel test level, number
of channels to be handled simultaneously and amplifier
characteristics ; the channel test level specified was
determined after taking into account the known
factors and also after reviewing experience with the
amplifiers used on earlier multi-circuit carrier systems.

On the earlier 12-circuit carrier installations it had



been found necessary to provide a point of flexibility
at the junction of line and terminal equipment; it
was obviously desirable that this point, the high
frequency repeater distribution frame (H.F.R.D.F.)

H.F.R.D.F. G.D.F.

CONDITION ILLUSTRATED.

various types of equipment are indicated in Fig. 4.
Broadly, the H.F.R.D.F. permits the interconnection
of apparatus handling the frequency range 12 to
60 kc/s whereas the G.D.F. permits interconnection at
the 60-108 ke/s point. On the HF.R.D.F.
it was possible to arrange that under all
circumstances the nominal channel test

of No. 7.)
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should also be made available in connection with the
new equipment. In addition, the use of the
60-108 kc/s basic group of the No. 7 type channel
equipment made it available for forming basic super-
groups for transmission on high-frequency (coaxial
and like) cables, and made it desirable to provide an
additional point of flexibility where the channels
were in the 60-108 kc/s range. The second
frame is known as the group distribution frame
(G.D.F.). The relative positions of the two distri-
bution frames are indicated in Fig. 3, which also
shows, in block schematic form, the apparatus items
comprising a 12-circuit group end. The ways in
which these frames permit the interconnection of

(Carrier Systems No.5 & 6
and imitial installations

’{ E 0 -'O—H One group terminated.

12-circuit  group

(Systems No. 5,6 & 7.)

One  12-circmit  group
extended on a coaxial
system.

One through 12-circuit
group between coaxial
systems.

One terminated 12-circuit
group (coaxial type equip-
CHANNEL EQUIPMENT ment).

One  12-circuit  group

terminated. (No. 7 system,

later and modified in-
stallations.)

through 12-circuit
group with Inverter.

One terminated 12-circuit
group with Inverter.

level at that point was -5 db. with
respect to 1ImW ; on the G.D.F. it was
found impossible to arrange for a common
test level and this may vary from about
—8 to —36 db. with respect to 1 mW.
Another factor of interest in connection
with the distribution frames is that all
apparatus connected to the H.F.R.D.F.
has a nominal impedance of 140 ohms
(balanced) whereas that connected to the
G.D.F. has an impedance of 75 ohms
(unbalanced). The impedances concerned
are the approximate characteristic imped-
ances of the pair type and coaxial type
cables most often used. Jumpers on
the HF.R.D.F. must be of pair type
(screened), whereas those on the G.D.F. are
of coaxial form.

Concerning requirement (11), the maxi-
mum gain chosen was dependent upon a
number of factors. Firstly, with the
battery voltages available (130 V H.T.
and 24 V L.T.) it was not practicable to
produce an amplifier having an overload
point much in excess of 1 watt (with
adequate harmonic suppression); with the
number of channels concerned thisrestricted
the test level per channel .to about
+5 db. with respect to 1 mW. Secondly,
with a view to having adequate margin
against thermal agitation noise at the
point of minimum signal level it was
inadvisable to permit the signal level to
fall much below 60 db. below 1 mW.
(For the bandwidth concerned the
weighted noise level is about 139 db.

] — . below 1 mW; for a single section signal

S;ﬁ Eign;;ﬁtzdui i to mnoise ratio the signal should not

H (> o e o 12 crrcud Lo therefore fall below about 79 db. below
——o——

1 mW. As doubling the number of
repeater sections results in approximately
3 db. degradation of signal to noise it was
apparent that, for a large number of re-
peater sections the minimum signal level
should not be far below 60 db. below 1 mW.)

The specified amplifier output impedance is such
that a good return Moss shall be obtained when the
unit is connected to a line having a characteristic
impedance which is approximately 140 ohms over
the frequency range concerned. The input impedance
is such that, in transmitting amplifiers a good filter
closure is effected, whereas in through and receiving
amplifiers, the equaliser impedance is 600 ohms,
the transformation to the cable impedance being
effected by a transformer preceding the equaliser.
Good return losses must be obtained if reflected
near-end crosstalk difficulties are to be avoided. In
practice all of the line amplifiers are identical,
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with the exception that those immediately preceding
the HF.R.D.F. on the receiving side have con-
tinuously variable potentiometers for gain control,
whereas all others have potentiometers using soldered
connections. The requirement that the amplifier
shall not oscillate under working conditions is self
explanatory.

The limitation of residual attenuation distortion
(requirement 12) is based upon two factors. Firstly, it
is undesirable from the point of view of interchannel
interference to have too wide a difference of test level
for the channels transmitted simultaneously by one
amplifier. Secondly, the residual attenuation dis-
tortion should not be such that the gain-frequency
characteristic of a channel is affected appreciably.
The fairly stringent requirement regarding residual
attenuation distortion as measured between adjacent
H.F.R.D.F’s is based upon the fact that numbers
of such links may be joined in tandem, and it is
desired to make as infrequently as possible special
equaliser adjustments consequent upon the connection
of links in tandem.

In the earlier 12-circuit carrier systems it is possible
to operate either 12 or 24 channel equipments from
one set of carrier frequency generating equipment ;
experience has shown that it is desirable that the
number of groups ‘‘ driven ”’ by one set of generating
equipment should be larger than this, and the figure
of 48 (requirement 13) was chosen bearing thisin mind.

When the No. 5 system was designed it was con-
sidered unnecessary that there should be absolute
synchronism of the carrier supplies at the two
terminals of a group ; there is negligible distortion
to commercial quality speech if there is an asyn-
chronism of not more than about 5 c/s between the
carriers at the two ends and hence it was considered
necessary to provide only unsynchronised oscillators,
such units having adequate inherent {frequency
stability. When the frequency generating equipment
for the No. 6 system was considered it was decided
that carrier frequency synchronism should be pro-
vided, and a system of transmitted pilot frequencies
was adopted!. Experience with the No. 6 system
and experimental work described in this JoUurRNAL?
showed that there were certain disadvantages in
carrier synchronising systems employing directly
transmitted pilot frequencies which were used to
lock directly the controlled oscillators; the defects
were (i) that the locking signal might be modulated
during transmission and so cause “ flutter ” in the
controlled oscillation and (ii) that, in the event of the
failure of the pilot signal, the controlled oscillator(s)
became “ free ”’ and there was immediate and possibly
considerable asynchronism.

Much might have been done with the aid of oscil-
lators of very high accuracy which would have to
be provided at every station at which terminal type
equipment was installed, but it was considered that
in view of 2 V.F. signalling and V.F. telegraph
requirements it was preferable to have all oscillator
equipments locked.

A further factor which had to be borne in mind
when deciding the type of synchronising arrangement

*P.0.E.E.J., Vol. 33, p. 5.
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to be used arose as a result of experience with No. 6
installations and with special synchronising arrange-
ments which were provided with a view to making
certain carrier routes suitable for carrying 2 V.F.
signalling currents. This was the difficulty which
arose from time to time as, unlike normal groups,
those specially arranged to carry synchronising signals
could not readily be rearranged, re-routed or modified
as required by service conditions. To overcome this
it was arranged that, in the No. 7 system, all equipped
pairs should carry synchronising signals, the con-
trolling pair at any terminal station being selected
at a jumper field, i.e., all pairs are to be identical
as far as synchronising facilities are concerned and
apparatus changes may be made with a minimum risk
of disturbing the carrier synchronising arrangements.
Synchronising Equipment.

The type of arrangement decided upon is known
as the ““ motor control system.” At one station the
carrier frequencies generated are an exact multiple
of an accurate 1 kcfs source. To control distant
terminal stations there would be transmitted on all
pairs radiating from this station an accurate 60 kc/s
signal (this is neither a real nor virtual carrier fre-
quency). The controlling arrangement at a station
receiving the controi from the first station is indicated

in Fig. 5.
o HFRDF

60 kefs

F

———————e— = e —————

F1G6. 5.—SYNCHRONISING CONTROL AT A
CONTROLLED STATION.

At the controlled station the 60 kc/s signal is
received on all pairs; one of the incoming signals
may be directed via a small jumper field to the
selecting filter F. After amplification it is applied
to a frequency changer network A. The local carrier
frequencies are derived by multiplication of the basic
frequency generated by the ““ master ” oscillator Oy
or its standby O, ; the frequency generated by these
oscillators is nominally 4 kc/s and it is the function
of the controlling arrangement to ensure that the
frequency is accurately 4 kc/s. The frequency
generated by O; may be actually (448) kc/s and is
dependent upon the value of C;, which is a condenser



in the oscillatory circuit. By the frequency multiply-
ing arrangement employed (this will be described
in a later article) the 14th harmonic ( (56-148) kc/s)
of the fundamental is selected and applied to A.
One of the frequencies present at the output of the
frequency changer will be (60— (56+148))=(4—149)
kc/s. This frequency is applied to amplifiers E and F,
but at the input to the latter there is a network N
which causes the phase of the input voltage to F to
be shifted by 90° with respect to that applied to E.
The phase relationship is maintained at the outputs
of the amplifiers. The output of each of the ampli-
fiers is split, one “leg” being applied to apparatus
associated with O, and the other with that associated
with O,. The output of E will be termed (4—148)
and that of F (4-—148) [90°; these currents are
applied to frequency changers B and D, respectively,
B and D are also fed with current derived from (O
it follows that the outputs will contain currents of
frequency (44-8) — (4—143)=153, and as the relative
phases still apply these can be described as 158 and
155 190° from B and D, respectively.

Motors M, and M, of Fig. 5 are of the form indicated
in Fig. 6, B and B representing poles associated with

FI1G. 6.—ARRANGEMENT OF SYNCHRONISING
CoNTROL MOTOR.

frequency changer B, and D and D those associated
with the frequency changer D. As the currents of
frequency 156 are at right angles with respect to one
another it follows that at any instant there will exist
in the inter-pole space a field having a particular
sense, and this field will rotate at a frequency of 158.
P is an armature of magnetic material and is hence
constrained to move with the field. P is connected
mechanically with C; and the connection is in such
sense that the movement of C, decreases the value
of & and hence the motor continues to drive until
8=0; when this condition is reached O, is generating
exactly 4 kc/s.

To ensure that the standby oscillator is always
in a condition to take over the load in the event of
the failure of O,, it is arranged that this, too, shall
be continuously motor-controlled. To effect this
the second “legs” of the output of E and F feed
frequency changers similar to B and D, but which
are associated with O,. In this case the wanted
frequency derived is (44-3,) —(4—148)=3,+149, and

the motor will *“ drive " until this frequency becomes
zero.

It will be observed that a small change AS in the
frequency of O, results in a change of 15A8 in the
frequency applied to the motor M,; a frequency
change of AS,; in oscillator O, however, changes
the motor frequency by the same amount only;
hence the working oscillator is driven into syn-
chronism 15 times as fast as is the standby unit.
Actually, as is apparent, either oscillator may be
used as the working oscillator.

It has been mentioned that, at the controlling
station, a 6) kc/s signal is transmitted on every
equipped pair ; similarly at a controlled station the
signal is transmitted on all equipped pairs and used
for the control of carrier synchronisation at other
stations, i.e. on all routes signals will be passing on
all equipped pairs and for each direction of trans-
mission and the selection of those actually used for
control purposes is under the control of the terminal
stations.

The working of the system is based upon all
stations being synchronised at any one time to a
particular terminal station which happens to possess
a 1 kc/s supply of high accuracy. To overcome the
effect of breakdowns high accuracy 1 kc/s oscillators
are being provided at a number of points and at these
stations the 4 kc/s oscillators can be synchronised
by the 1 kc/s source ; in the event of the breakdown
of the master 1 kc/s the control would be taken
over by the master at another station and the direction
of control changed where necessary. The breakdown
of isolated links is guarded against by the provision
of control tone on all pairs and by the availability
of alternative routings.

The advantages claimed for the synchronising
scheme described are as follows :—

_ (1) It is positive in action.
(2) It is extremely flexible.

(3) By reason of the mechanical inertia of the
motor it is immune from the effects of flutter.

(4) The controlled oscillators are not in forced
oscillation, but are always oscillating at their natural
frequency ; hence, in the event of the failure of the
pilot signal the oscillator does not immediately get
out of step, but continues to oscillate at the correct
frequency until either temperature or battery changes
cause a change in the natural frequency of oscillation.
As the oscillators are not in forced oscillation they
can be made inherently stable. This stability of
frequency even when control is lost, is a very
important asset.

Carrier Generating Equipment.

Regarding the actual generation of the carrier and
other necessary frequencies, it was decided that this
should be effected by the “ saturated coil ”’ method.
This method has been adequately described else-
where5, but it is of interest to examine briefly the
principle involved. The elements of the circuit
concerned are shown in Fig. 7.
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Fic. 7.—ELEMENTS OF CARRIER
GENERATING CIRCUIT.

Current at 4 kc/s derived from the controlled
oscillator is applied to the circuit of Fig. 7; the
resonant circuit in shunt at the output of the
amplifier and the series resonant circuit are employed
to ensure that a relatively pure waveform is applied
to the “saturated coil” L. This coil has a small
core (usually of permalloy) and carries currents of
such magnitude that over a large part of the applied
cycle the core is saturated. It will be appreciated
that the inductance of the coil is comparatively
.high while the core is not saturated, but falls to a
very low value during saturation; ie. it is
non-linear. This non-linearity and the dis-
charge path cause the waveform to be extremely
“ peaky.” Fig. 8 shows the relative input

&

<

RPN U R R PURpR

Fic. 8. —WavEForRMS FOR CIRCUIT OF FiG. 7.
(a) Input, (b) Output.

and output waveforms. The -output waveform

is rich in odd harmonics and it is found that the

amplitudes of relatively high order harmonics vary
but little, e.g. it might be found that the wvari-
ation between the 17th and 27th harmonics of

4 kc/s was only 2 db. The necessary even harmonics
are obtained by full-wave rectification.

Layout of System.

A block schematic diagram of a group end and its
associated common equipment is shown in Fig. 3.
The equipment comprises channel equipment, group
frequency changing and combining equipment, G.D.F.,
H.F.R.D.F., line amplifiers, equaliser and frequency
generating equipment.

The channel equipment, which comprises all the
apparatus necessary to assemble 12 channels in the
frequency range 60-108 kc/s and for the restoration
of such a group of channels to individual voice
frequency paths, is assembled upon two bay sides of
standard type (10 ft. 6 in.). For the initial installa-
tions the group frequency changing and combining
equipment (that which frequency changes 60-108 kc/s
currents into the range 12-60 kc/s and wvice versa,
and also which can combine two 12-channel groups
for transmission on one path) is accommodated on
the channel bays. It is anticipated that it will be
possible at a later date to rearrange the channel
equipment so that it occupies one complete bay side
only ; when this has been accomplished the group
frequency changing and combining equipment will be
mounted upon separate bays—it is anticipated that
four such equipments will be accommodated upon one
bay side.

The two frames are of flexible type. When the
H.F.R.D.F. was first introduced it was made of
fixed size, and this was based upon consideration
of the largest number of 12-circuit type cables it was
anticipated would be employed in any one repeater
station ; however, the development of carrier trans-
mission has been such that it was considered desirable
to introduce frames which would be extensible in a
manner similar to the standard R.D.F. Special
problems were met in the design of the new frames
and their associated wiring as crosstalk conditions
are severe.

The main carrier frequency generating and
associated synchronising equipment is mounted upon
one double-sided bay; the output of this bay is
sufficient to “ drive” twelve channel equipments
and also to supply power for synchronising tone for
a corresponding number of pairs. This bay carries
the standby as well as the “ working ”’ equipment.
A second bay, which is provided only if and when
required, is equipped with ““ worker *” and ““standby”’
amplifiers designed tc supply carrier currents to
48 groups and the synchronising tone for a corres-
ponding number of pairs.













enclosed pendant fittings arranged to give the
Treasury illumination standard of 5 ft. candles.
The general lighting in the drawing office, however,
is obtained from circular steel reflectors suspended
from the ceiling, and the
conferenceroom is lighted
by semi-circular bowl ceil-
ing nittngs, as the height
of this room is rather
small for successful treat-
ment by pendants. In
the corridors, where false
ceilings have been pro-
vided, concealed flush

1 REMOVABLE 3 3 i

BUSHE 3 rrouT i circular fittings are in-
o accessto  stalled and the staircases
~ | CABLES

A are lighted by semi-
l'/;‘_J cylindrical wall fittings.
CLEAR Jl ghor tevet  The lighting fittings for

the mainentranceand the

halls on each floor are
of rectangular ceiling and
pendant types specially
designed for these pur-
> poses. The rooms

4 occupied by the Regional

AR T Director, Deputy Region-

al Director,an? the Heads

BUSH E of Branches each have

o one large central fitting

d B . .

Y Al 3 _LEVEL. also of special designs;

= \ﬁ ! -3 the larger Regional

YA e two  Director’s and Deputy

TRENCH. Regional Director’srooms

Fic. 5. being, in addition, pro-
MEeTAL SKIRTING DETAILS.  vided with flush mounted
wall fittings. The general

lighting is supplemented by individual table fittings
in the drawing office and the rooms occupied by
the Regional Director and his principal assistants.

During the preparation of the lighting scheme
much thought was given to the selection of the
lighting positions in relation to the structural beams
and partition walls. Endeavour was made to obtain
layouts which would result in the fittings being placed
at uniform distances from the ceiling beams, these
layouts being also independent of the positions of
partition walls. The result was a scheme which
should require the minimum of alteration to fitting
positions or disturbance of concealed conduit, if it is
found necessary at some future date to alter the
sizes of certain rooms by removing or erecting
partition walls. For the same reason, care was taken
to ensure, as far as possible, that switches were kept
off partition walls.
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Heating.

The cubic content of the building requiring heating
is 370,000 cubic ft. and this necessitates the generation
of 1,049,000 B.T.U.s per hour, which is well within
the capacity of the two ‘“ Robin Hood Major”’
boilers installed in the basement. FEach of these
boilers is capable of 792,000 B.T.U.s per hour, and
they supply the hot water for heating the building
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on a low-pressure forced circulation system. Most of
the radiators employed are of the ordinary cast
iron pattern, but as the walls of some of the principal
rooms are panelled, convector type radiators, con-
cealed behind the panelling, were installed, the air
circulation being obtained by bronze grilles. All
heating pipes are concealed either in vertical ducts
or in floor trenches, an example of the latter being
shown in Fig. 2.

Auxiliary electric heating is provided in the
principal rooms, and consists of 2 kW radiators with
a special surround and mounted flush with the wall
panelling.

Mechanical Ventilation.

The conference room on the fifth floor is fitted
with double windows to preclude the possibility of
external noise interfering with important conferences.
The need for artificial ventilation at once became
apparent and it was decided to install a plenum
system. A separate {an-room erected on the roof,
houses a standard plenum unit consisting of a motor-
driven fan and filter, together with a 9 kW electric
air-heater and the associated control gear. * On”
and “Off” remote control buttons, fitted in
the conference room, control the ventilating unit,
similar adjacent buttons controlling the heater.
These buttons are duplicated in the fan-room for
maintenance purposes. The switching arrangements
are interlocked so that it is not possible for the heater
to be on without the fan running, although the
latter can be switched independently of the heater.
An adjustable thermostat fitted in the ductwork
governs the temperature of the air to the room.

The sub-ground floor is divided into rooms used as
the staff air-raid refuges and other rooms in which
work will be carried on regardless of local air raids.
Ventilating plant is essential for both of these types
of accommodation as the possibility of bombing and
gas attacks prevents the use of natural ventilation.
Fig. 6 shows the layout of the ventilating plant and
ductwork, the latter being represented by single lines
for clearness.

Air raid refuges 1 and 2 are ventilated by plant
“A,” which is designed to supply 150 cu. ft. of air
per person per hour, the air being drawn in through a
high level inlet duct and “A” filters by centrifugal fan
“A” of rated capacity 2,500 cu. ft. per minute.
From this fan the air is blown through the con-
necting ducts and enters the refuges by conical
nozzles in the ductwork. As the refuges are sealed
against the entry of gas, a separate exhaust system
for each refuge is necessary and this is provided by
fan Cl, also of capacity 2,500 cu. ft. per minute.
The outlet ducts from the refuges terminate at the
fan and are extended to the high level outlet.

One of the main differences between the air raid
refuge plant described above and the working space
(“ W.S.”) refuge plant is that the latter is designed to
supply 1,000 cu. ft. of air per person per hour
instead of 150. Air is drawn in through the high
level inlet duct, and passes from “B”’ filters to either
fan Bl or B2 (one is a stand-by), each of capacity
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Lifts.

The building is adequately served
by three electric lifts: one pas-
senger, one goods and one service lift. The passenger
and goods lifts serve all floors—sub-ground to fifth—
except the small basement, and occupy two adjacent
wells at the front end of the building, but the service
lift operates only between the sub-ground and
ground floors.

(a) Passenger (No. 1).—A motor room erected on
the roof houses the motors and control gear for both
the passenger and goods lifts, the layout of the
plant being shown in Fig. 7. As the passenger lift
travel is 70 ft., this justified a maximum speed of
350 ft. per minute and consequently the provision of
a lifting motor operated on the variable voltage
principle. The lift motor obtains its supply from a
D.C. generator which is directly coupled to a 2-phase
induction motor driven from the mains, and to a
D.C. exciter. In this system lift speed variation is
obtained by altering the strength of the generator
field and by this means there are no sudden speed
changes during acceleration or retardation. The
exciter supplies current to the generator field, lifting
motor field, electromagnetic brake and the electro-
magnets of the control gear. A standard Vee-sheave
drive is used, the four ropes passing direct from the
car to the counterweight without employing inter-
mediate idle pulleys. Worm and worm wheel re-
duction gearing of the over-type (worm above the
wheel) is installed between the lift motor and the
driving sheave, the worm being of steel and the
wheel of cast iron with a renewable phosphor-bronze
rim. The electromagnetic brake operates on the
coupling between the motor and gear-box. The

-=~3>—- AIR OUTLET OUCTS

Fi16. 6.—MAIN VENTILATING PLANT.

car has a capacity of 15 cwts., the two-leaf doors
being operated automatically by a small electric
motor fitted on the car roof. Landing doors, which
open to the main halls at each floor, are also auto-
matically opened and closed, this being effected by the
coupling of the car door to the appropriate landing
door when the lift reaches a landing. Dual control
(either automatic push-button or car switch) is
employed, the change being effected by a key switch
in the car. A landing call indicator and buzzer are
fitted in the car for use when on car switch control.
The motor generator control incorporates a shut-
down device whereby the set automatically shuts
down if the lift is not used for a predeterminéd
period, this cut-off being adjustable up to a maximum
of 10 minutes. Operation of the car-switch or a
landing call button restarts the set. An illuminated
landing position and direction indicator is installed
on each floor. Safety gear of the gradual wedge clamp
type is fitted under the car and under the counter-
weight and is operated by a rope attached to a centri-
fugal governor in the motor room. This governor is
driven by a rope secured to the car and a governor
switch opens, cuts off the controller, and applies
the brake if the maximum car speed is exceeded by
10 per cent., while the governor will operate the
safety gear if the speed increases still further to 20 per
cent. above the maximum speed. Oil buffers are
installed in the bottom of the well, under the car and
under the counterweight, and lessen the impact if the
car overtravels the terminal floors and opens the
emergency limit switches fitted in the well. The
controller is equipped with the usual safety and
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non-interference devices which prevent interference
from landings when the car is in motion.

(b) Goods (No. 2).—This lift has a maximum speed
of 200 ft. per minute and the drive is by a two-speed

(¢) Service (No. 3).—This is a small lift of 1 cwt.
capacity intended primarily to convey files of
papers between the registry and the records room
and is driven by a 2-phase slip-ring induction
motor which, operating through worm gearing,
gives a cage speed of 50 ft. per minute.
Vertical shutters are installed on the

cage and at each loading level, the
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distance between the levels, i.e. the lift
travel, being 11 ft. The control is
semi-automatic push-button and both
cage safety gear of the instantaneous
cam type and volute spring buffers are

fitted.

Telephones.

The main telephone requirements are
provided by exchangelines from the public
auto-exchange to the wvarious instru-
ments via a P.M.B.X. installed on the
second floor of the building. Intercep-
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tion facilities have been incorporated
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whereby calls to the instruments of
certain officers occupying single rooms
may be answered in their absence.
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systems are installed for each of the
five branches so that the Controller of
each can communicate directly with
any one of a selected group of his
principal officers. These branch systems
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also provide means of direct communi-
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cation between the principal officers in
any particular branch.

Clocks.

Post Office standard type j-minute
impulse clocks (No. 58A) are installed

throughout the building, with the
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tandem motor with over-type worm gearing and Vee-
sheave. The motor comprises a high speed slip-ring
section and a low-speed squirrel-cage section built
in one unit, the former being employed during start-
ing and running at maximum speed, and the latter
when the lift is travelling at slow speed during the
approach to a landing. The car has a capacity of
10 cwts. and is fitted with a standard collapsible
gate but, unlike the passenger lift, the landing doors
and car gate are manually operated. Control is by a
fully automatic push-button system. Instantaneous
cam type safety gear is fitted under the car and
counterweight and is operated by an overspeed
governor in a similar manner to that on the passenger
lift. The buffers for this lift are of the volute spring
pattern, two being installed in the well under the car
and two under the counterweight.

exceptions of the Regional Director’s
and Deputy Regional Director’s rooms
in which specially designed dials have
been provided to harmonise with the
panelling.

Staff Signalling Systems.

A lamp indicator system is provided for the use of
the principal officers so that each can give an external
indication of whether he is “ engaged ”’ or “ free.”
This consists of two small low voltage lamps, one red
and one green fitted outside and above each door,
the former indicating “engaged” and the latter
“free.”” Duplicate lamps are installed above each
door on the inside thus enabling the occupants of
the rooms to see the nature of the outside indications.
Operation or cancellation is controlled by a push
button tablet fitted on each of the officers’ tables.

The usual messenger and typist call services are
available in each office, the call buttons being on a
table tablet and the indicators in the messengers’
and typists’ rooms respectively.
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The Phase Cyclometer

U.D.C. 621.317.772

H. T. MITCHELL, aM.LEE, and
T. KILVINGTON, B.sc.(Eng)

The rotary phasemeter used for the measvrement of changes of insertion phase shift at radio frequencies is not a suitable

instrument when the phase shift exceeds 360°. This article describes a cyclometer which may be used in conjunction with

the phasemeter to record the number of 360° phase-cycles between two frequencies, to which the phasemeter reading must
be added, thus increasing the range of the instrument indefinitely.

Introduction.

HE necessity for phase measuring apparatus

I in the development of television cquipment

has already been pointed out in a recent
article! which described a method of measurement
developed in the Post Office laboratories. The
method uses a rotary phasemeter to indicate directly
insertion phase shift. Phase shift indications by
this method are obviously limited to wvalues not
>xceeding 360° and if the phase shift is actually
greater than 360°, e.g. 360N° 4 ¢ (whete N is an
integer), the value indicated by the phasemeter will
be ¢ and no account will be taken of the 360N°,

In practice this method works well for measure-
ments on repeaters, equalisers, filters and the like in
which the rate of change of phase
vith frequency is small, but
lifficulties are encountered when
neasurements areattempted on wide
sand cable circuits with lengths of

constants of the cable. This method is only applic-
able to relatively short lengths of cable and assumes
that the cable circuit has a smooth phase/frequency
characteristic.

A method was therefore sought of determining the
unknown quantity N, — N; by some means other
than that of making accurate phase measurements
at small frequency intervals or computations
and thus of simplifying the measurement of very
large phase differences.  For this purpose the
“ phase cyclometer ” was evolved. Briefly, this
instrument counts the number of complete phase
cycles between two given frequencies, the result
being shown on a counter of the telephone sub-
scriber’s call-meter type.

VARIABLE FREQUENCY STANDARD OF
‘w ’ OSCILLATOR ™} FREQUENCY
Q01— 5 Mc/s 7

t —

nore than a few hundred yards. - A

°
o@ @—LPHAsE METER 0-360°

DETECTOR

TUNING CONTROL.

To quote a concrete example, ex- Coa i
>erimental measurements on a wide  sYsTem —&%
sand coaxial cable loop circuit of RN
ibout 18 miles length were carried

»ut, using the rotary phasemeter l
:quipment, and it was found that

he frequency steps provided at
ntervals of 100kc/s were inadequate
or determining the change of phase
shift. Using a separate continuously
7ariable oscillator, it was found by
naking measurements at very
mall frequency intervals that, for a
requency change of 100 kc/s, there
vere as many as 10 or 11 ‘“ phase
'ycles.””  That is to say, that if
he phase shift at the lower
requency f; is 360N,° 4 ¢, and that at the
righer frequency f, is 360N,° + ¢,, then N, — N;
=10 or 11 when f, — f; = 100 kc/s. Spot measure-
nents with the rotary phasemeter used in the normal
nanner at 100 kc/s intervals would have given only
he values of ¢, and ¢,. Over the complete range
or this particular cable circuit (0-2 to 3-2 Mc/s)
here were more than 300 phase cycles and it is
bvious that a complete measurement would be a
rery tedious process. On longer lengths of say 200
niles the measurement would be quite impracticable,
or the number of phase cycles would exceed 3000
ver the same frequency range.

An alternative method of determining the value
f N, — N, is by computation from the primary

R
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F1c. 1.—MEASUREMENT OF PHASE CHANGES GREATER THAN 36)°.

Description of the Apparatus.

At the top of Fig. 1 is shown the normal phase
measuring equipment using a continuously variable
frequency oscillator in place of the crystal oscillator
normally used. At some given frequency the voltage
received from the cable loop will be exactly out of
phase with the voltage fed into the loop. If the
frequency is slowly increased until the received
voltage is again exactly out of phase with that sent,
then the frequency change has caused one complete
phase cycle or one complete revolution of the phase-
meter needle, assuming the equipment has been
held in tune throughout. In the phase cyclometer,
which is shown in the lower part of Fig. 1, the sent
and received voltages are added vectorially after they
have been amplified to approximately the same level.
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The resultant is rectified and the rectified voltage
used to control a relay which in turn operates a
counter and pilot lamp in parallel. When the fre-
quency is such that the sent and received voltages
are out of phase, giving rise to a very small resultant,
the circuit is so arranged that the relay is operated,
and when the frequency is such that they are in
phase, giving a large resultant, the relay is released.
It will be seen, therefore, that if the frequency is
slowly increased from f; to f,, the counter will record
the number of frequencies at which the sent and

-24v

operating point of the relay may be adjusted. This
relay controls the counter and pilot lamp in parallel,
the pilot lamp indicating whether the counter is
operated or not. This information is important as
will be explained later.

The monitoring signals are fed to the two pairs
of plates on the oscilloscope. Besides enabling the
two voltages V; and V, to be made approximately
equal in amplitude, the shape of the figure obtained
provides a rough check on the phase difference
between them. Typical figures for various phase
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Fi16. 2.—Circuir Diacram oF PHASE CYCLOMETER.

received voltages are out of phase. In other words,
it will measure the number of phase cycles between
f, and f,. The apparatus will now be described in
more detail.

The outbreak of war has delayed the construction
of the apparatus in its final form but Fig. 2 shows
the circuit diagram of the experimental set-up which
was found to work satisfactorily. The voltage fed
to the cable loop and that received from it, are fed
to the grids of two variable-mu valves. Bias adjust-
ments on these valves enable the signal levels to be
suitably adjusted and made approximately equal.
A further fixed-gain amplifying stage is provided
for each signal and this supplies a voltage at a level
sufficiently high to feed the deflecting plates of a
monitoring oscilloscope. In addition, a small part
of the anode load of these valves is made common to
both valves so that in this portion of the load the
two signals are added vectorially. This signal, Vy,
is passed to a diode-triode detector-amplifier, the
anode of the triode being fed through one coil of a
telegraph relay. The bias winding of the relay is
provided with a pre-set bias current so that the
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differences and equal amplitudes are shown in Fig. 3.
It may be noted that since part of the anode load
is common to both the amplifying valves, the figures
will be somewhat distorted ; the effect, however, is
small in practice.

NOOQ0/000N

Fi1c. 3.—FIGURES OBTAINED ON MONITORING OSCILLOSCOPE
FOR VARIOUS PHASE DIFFERENCES.

If V, is the portion of the output voltage from one
amplifier fed to the diode circuil, V, is that from the
other and ¢ is the phase angle between them, then
the resultant voltage V;, applied to the rectifier is : —

(V2 + V2 4 2V, V, cos ¢) ¥
A family of curves showing the relation between
Vp/V, and ¢ for various values of V,/V, is shown in
Fig. 4. It will be seen that the curves for the different
ratios of V,/V, cross at approximately 135° and 225°
and use is made of this fact by arranging that the



relay is operated between these values, so that the
value of V;/V, is not critical.
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Assuming that the detector-amplifier is linear,
graphs of the corresponding current through the
relay winding in the anode circuit of the amplifier for
different phase angles will be of the general shape
shown in Fig. 5. The current through the bias
winding of the relay is then adjusted so that the relay
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operates for values of ¢ between 135° and 225°
With the particular counter used, the figure is
registered when the counter releases so that it is
necessary to know whether the counter is operated
or not when measuring angles in the neighbourhood
of 225° ; this is indicated by the pilot lamp.

Method of Operation.

The method of operation is best understood by
considering an actual example. Suppose that the
rotary phasemeter measurement gives readings of
35-5° and 179-3° at frequencies f; and f, respectively,

f, being the lower frequency. Then it is known that
the insertion phase shift at f; is 360N;° + 35-5° and
at f,is 360N,° + 179-3°, where N; and N, are integers.
It is now desired to find the value of Ny — Nj.

The crystal oscillator is set to the frequency f, and
the variable frequency oscillator is set to the same
frequency by listening to the audible beat note
between the two. The voltages V, and V, are set
to suitable values judging by the deflections on the
monitoring tube. The value of 35-5° is roughly
checked by the pattern on the screen and the counter
reading is noted. Suppose it is 5765 and the counter
is not operated (i.e. pilot light extinguished). The
crystal oscillator is then set to the upper frequency
f, and the frequency of the variable oscillator is
increased at a steady rate until it reaches the value
f,, again judged by the audible beat note between
the two oscillators. The rate at which this change
can be made is limited only by the speed at which
the counter will operate, though care must be taken
not to overshoot the frequency f,. At frequency f,
the value of 179-3° is roughly checked by the pattern
on the screen and the counter reading is again noted.
Suppose it is now 5776 with the counter operated
(i.e. pilot lamp alight).

Then N, — N; = 5776 — 5765 = 11.

If the phase angle at f, had been 279-3° instead of
179:3°, then the counter would have registered once
more on passing through the 225° phase angle although
another phase cycle would not have been completed.
This fact must be remembered when dealing with
phase angles between 225° and 360°; it presents no
difficulty in practice.

It should be pointed out that although in Fig. 1,
the crystal oscillator is shown merely as a frequency
standard, this applies only when determining the
various values of N, — N;; the crystal oscillator
would be used for determining the values of ¢ at the
specific frequencies at 100 kc/s intervals.

Conclusions.

The phase cyclometer forms a useful accessory to
the rotary phasemeter measuring equipment—an
accessory which is almost essential in wideband cable
measurements where the length of cable exceeds a
few hundred yards. For relatively short lengths of
cable the work of the cyclometer may be covered by
computation of the phase/frequency characteristic
of the cable circuit, but even in this case the cyclo-
meter method has the advantage, and gives the
satisfaction, of being an absolute measurement
independent of the assumption that the phase/
frequency Ttharacteristic is smooth.
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Principles of Design of
Smoothing Chokes

U.D.C. 621.314.61 : 621.318.42

R. O. CARTER, M.sc, AM.LEE., and
D. L. RICHARDS, B.sc.(Eng.)

The article describes a method of design of choke coils having laminated cores with air gaps, as applied particularly
to the smoothing filters used in floating battery power supply systems. The fundamental properties of core materials
under combined steady and aiternating magnetisation are briefly described. Curves and formulae for 4 per cent. silicon
steel are derived which enable the most suitable design of coil to be obtained for any particular performance requirements.

Introdisction.

N account of the wide application of silicon
Osteel alloys to electrical machinery and

transformers, the properties of these materials
when subjected to purely alternating magnetic
forces were early investigated, and the information
necessary for most design purposes is now readily
available. The condition of incremental magnetisa-
tion, that is, of an alternating magnetising force
superimposed on a steady or polarising magnetising
force, is of comparatively infrequent occurrence in
apparatus associated with the supply and utilisation
of electric power. It is, perhaps, for this reason that
the behaviour of silicon steels under this condition of
magnetisation has only recently been studied in detail.

The British Standards Institution (B.S.I.) has
prepared a specification (Reference a) for magnetic
materials to be used under combined D.C. and
A.C. magnetisation ; it is to be hoped that its
publication will lead to uniformity in the methods of
measurement and manner of presentation of technical
data, and in the method of acceptance testing of
materials.

Transformers and chokes carrying both alternating
and direct current occur frequently in telecom-
munication circuits. With the development of
floating battery power supply systems in telephone
exchanges and repeater stations, there is a con-
siderable demand for smoothing chokes. In some
of the larger stations each choke may weigh as much
as a ton and the cost of the complete smoothing
filter may be comparable with that of the associated
motor-generator set.

There is therefore an increasing demand for
information on the relevant properties of suitable
core materials and for a scientific method of design
of chokes for any particular requirements. The
design method about to be described is based on
experimental work on silicon steels, since this material
is invariably used for the cores of large chokes.
All the curves given are typical characteristics for
4 per cent. silicon steel, but the same principles
apply to other grades and probably also to other
ferromagnetic materials.

A brief description of incremental magnetic
properties and of the recommendations of the B.S.I.
specification will first be given.

Fundamental Considerations.

Fig. 1 shows the general shape of a typical B-H
curve for a ferromagnetic material. This curve
gives the variation of the induction or flux density
(B) as the applied magnetising force (H) is increased
steadily from zero, the specimen being initially
unmagnetised. The corresponding curve of per-
meability u (=B/H) is also shown. If, after reaching
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Fig. 1.—TypicaL MAGNETISATION AND PERMEABILITY
CURVES.

a certain maximum value, the magnetising force
is then decreased to zero and increased to the
same maximum value in the opposite direction, the
induction will not follow the same curve. However,
if the value of H is varied smoothly between a
maximum positive and the same maximum negative
value a number of times, the material will settle
down to a cyclic state, and will follow one of the well-
known hysterisis loops shown in Fig. 2, the size
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of the loop depending on the material and on the
maximum value of H. This represents the behaviour
of the material when subjected to purely alternating
magnetisation of low frequency.

Suppose now that a steady or polarising magnetising
force H, is applied to an initially unmagnetised
specimen, bringing it to the operating point P in
Fig. 3. If a slowly alternating magnetising force
(not necessarily sinusoidal) is superimposed on the
force Hp, so that the value of H varies smoothly from

H, — HA to H, + H_\, the material will settle
down after a large number of reversals, to a cyclic
state represented by the loop SR. It will be observed
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Fic. 3.—HvsTERISIS LoOP FOR COMBINED POLARISING
AND ALTERNATING MAGNETISATION.

that the mean value of the induction (i.e. the polaris-
ing induction B,) is increased from PT to QT when
the alternating magnetising force is applied. The
mean slope of the loop SR will be an approximate
measure of the permeability (called the incremental
permeability) of the material to the superimposed
alternating magnetising force. A more precise
definition of this quantity will be given later. The
ratio (QT/OT) of the polarising induction to the
polarising magnetising force will be called the
polarisation permeability, u,. It is evident that
when the amplitude of the alternating magnetising
force is zero, the polarisation permeability (=PT/OT)
is identical with the ordinary D.C. permeability p
of the material. From Fig. 3 it will be seen that the
incremental permeability is less than either u, or pu.

It should also be noted that even when the ampli-
tude of the alternating magnetising force is very small,
the incremental permeability does not, as is commonly
supposed, approach the slope of the magnetisation
curve, but is always much less than this.

The incremental loop of Fig. 3 is unsymmetrical.
If the incremental magnetising force (H,) is sinu-
soidal, the incremental induction (B,) will contain
harmonics, and the positive and negative peak

values, B, and B,, of the incremental induction
will not be equal. Similarly if the conditions of
test are such that B, is sinusoidal, H, will contain
harmonics. Even if the R.M.S. values of either H,

or B, are the same under the two conditions, slightly

different loops will be described and different values

of incremental permeability will apply.

To minimise the complication arising from these
effects, the B.S.I. specification makes the following
recommendations :—

(1) That the conditions of test shall be such that B,

is maintained sinusoidal as closely as possible.

(2) That for any given value of H,, the value:

of Hy or B, used shall be restricted to a
range in which serious distortion of the
waveform of H, does not occur.

(For silicon steel, the percentage modulation

. HA

of H, i.e., i,
50 per cent.)?

(3) That when some distortion does occur, the
harmonics in H, shall be disregarded. The
fundamental component of H, will not be in
phase with B,. The incremental permeability
shall be defined as a vector quantity, nall,
the magnitude being equal to the ratio of
B. (which is sinusoidal) to the fundamental
component of H,, and the angle equal to the
phase angle between these quantities.

In what follows, By will be assumed sinusoidal.

]A3 1 will denote the peak value of By, and I:IA will
denote the peak value of the fundamental component
Of H Ae

The foregoing description is merely a summary
of the phenomena associated with the incremental
magnetisation of ferromagnetic materials in general
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From Fig 3 1t will be evident that the percentage modulation

B
of B, TBA_ « 100, is always less than the percentage

modulatmn of H.
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and of silicon steels in particular. A more detailed
treatment of the subject is given in References (a)
to (z) in the list at the end of the article.

Experimental data requived.

As already explained, the value of the polarising
induction (B,) for a given value of polarising mag-
netising force (H,) is altered when an alternating
magnetising force (H.) is superimposed, ie., B, is
a function not only of H, but also of H, or alterna-
tively of By. In practice B, is the more convenient
parameter.

A family of magnetisation curves (B, against H,)

for various values of B can be derived experimentally
for the material under consideration. For silicon
steel the general form of these curves is shown in
Fig. 4, which also gives the corresponding curves
of p,. A second family of curves giving the value

of u A/_g against H, for various values of By can
also be experimentally determined, the form of these
curves for silicon steel being as shown in Fig. 5.
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Fi1c. 5.—CuURVES OF INCREMENTAL PERMEABILITY.

These two sets of curves contain all the experimental
data relating to the core material which are necessary
for the design of gapped chokes and transformers
in the region of low distortion as defined by the
B.S.I. Specification.?

Owing to the effect of eddy currents in the core
stampings, the curves will vary with the frequency
of the alternating magnetising force; however,

2This method of presenting the data was suggested by Mr.
E. V. D. Glazier and Dr. K. A, Macfadyen.
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with 14 mil sheet, 4 per cent. silicon steel the change
up to 800 c/s is very small.?

Theory of the Asr-gapped Magnetic Circuit.

In considering the theory of a coil having a core
of ferromagnetic material with an air gap, the
following simplifying assumptions will be made :—

(@) The core is of uniform cross-section.

() The length of the gap is small compared with
the cross-sectional dimensions of the core,
so that very little fringing of the flux occurs
at the edges of the gap.

(¢) Flux leakage is negligible, so that at any
instant the total flux in all parts of the core is
the same, and is equal to the total flux in
the gap.

Some of these assumptions, particularly (5), do
not hold accurately in practice, but the general
conclusions still apply.

From elementary magnetic theory the following
relationship holds for any closed magnetic circuit.

&= F/S
where @ is the total flux (in Maxwells),
I is the applied magnetomotive force (in
Gilberts),
S is the total reluctance (in Gilberts per
Maxwell).

If the magnetomotive force is due to a current I
amperes in a winding of N turns, the equation may
be written :

where B is the flux density or magnetic induction in
gauss, and A is the cross-sectional area of the core
in sq. cm.

If [ is the mean length of the flux path in the core,
and 8 the length of the air gap, both in ¢m., then

l o
S=an taw

where p is the permeability of the core and p, is the
permeability of air. Since p, is numerically equal to
1 4, the expression becomes

1 /1 )
S=K(ﬁ+x) Wherex=~l—

x will be called the gap ratio.
Hence from equation (1),

B YA NL_ . 2)

1
z (— + x)
w
3This is true notwithstanding the fact that it is commonly
found that the inductance of a choke at a given polarisation
falls with increase of frequency even below 800 c¢/s. The
reason for this 1s that the inductance is usually measured
at a fixed applied alternating voltage. As shown later
(equation 8), the incremental flux density 1s then
approximately inversely proportional to the frequency.
Since pa increases with Ba as shown in Fig. 5, a higher
inductance is obtained at the lower frequencies.
4According to modern ideas, permeability is not a pure
numeric. Although, therefore, u, is equal to 1 gauss per
oersted, it should be retained in the equations 1if the
dimensions of all terms are to be the same. For simplicity,
s is omitted in the present article. The expressions

developed hold numerically, provided the quantities
involved are measured in the units stated.




When the current I contains an alternating com-
ponent (I,) superposed on a polarising component
(I,) the equation may be applied either to polarising
or incremental quantities, i.e.

B 04 NL L (3)

® 1
l ——+x)

Mo
0'47T LT’f[A

1
l( +x)
Ha

The values of magnetic induction (polarising or
incremental) in core and gap are equal, but the values
of the magnetising force are not. In the gap the
magnetising force (in oersteds) is equal numerically
to the magnetic induction in gauss. -In the core
the magnetising force is equal to the magnetic
induction divided by the appropriate value of per-

and ]ASA =

meability, i.e. if H, and Hx are the polarising and
incremental magnetising forces respectively in the
core,

B

H=-"2

? Mo
and f‘IA == BA
[2AN

0-47 N1,

The quantity has the dimensions of

l

magnetising force and will be denoted by H*. It
is the value which the magnetising force would have
if the magnetic circuit were homogeneous and of
length / 8..

From equation (3),

1
H *=B, (— + x)
Hp

=Hy (1 + pyx)

1 /7H*
whence o = - =2 — 1
Hp (Hp )

For any given value of B,, u, and H, are con-
nected by one of the curves shown in Fig. 4, and
curves of x against H, can be derived for various
values of H *. Fig. 6 shows a family of such curves

for 4 per cent. silicon steel at low values of B. (less
than about 100 gauss), when the magnetisation curve

is not appreciably affected by the value of Ba.

Sets of curves for higher wvalues of B 1 would,
however, be of the same form.

5As already explained, pa is a vector quantity. The reluc-
tances of core and gap are therefore analogous to two
impedances having different phase angles, and must be
added vectorially, not numerically. It has, however, been
found that the error introduced into any practical design
of smoothing choke by neglecting the phase angle of pa
is, for silicon steel, quite small. In the present simplified
treatment, therefore, the phase angle has been assumed
to be zero.

SHy* differs slightly from the quantity H, used by Glazier
(Reference ) which 1n the notation of the present article
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Fic. 6.—CUrVES OF AIR GaP RaATIO.

If the inductance to alternating current (i.e. the
incremental inductance) in henrys is denoted by La,
then from elementary theory,

Lo BeAN o (5)
I
From equations (4) and (5),
. 2
Ly= w— X 1078 ........ (6)
l ——+x>
Ha

The reciprocal of the permeability of any substance
is called its reluctivity and is denoted by the symbol
v. Thus the incremental reluctivity (vi) of the
core is equal to 1/us. The quantity (1/ps-+x) is
the reluctivity of a hypothetical homogeneous
material having the same dimensions as the core
and having the same total incremental reluctance
as the actual core plus the air gap. It will, therefore,
be called the apparent incremental reluctivity and
denoted by va*.

Hence

0-47 N2A
L, = ok trrereeeeeees (7)

From Figs. 5 and 6, families of curves of w,*
against H, for various values of H,* can be derived,

aseparate family being obtained for each value of Ba.
Such a family is shown in Fig. 7, which applies to

4 per cent. silicon steel for values of B,up to about
10 gauss, when v,* is little affected by the precise

value of By. The curves for higher values of B,
would be similar in shape.

Effect of varying the Air-Gap of a given coil.
The effect on the incremental inductance of varying
the air-gap of a given coil can now readily be derived.
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It is assumed that the polarising current and the
magnitude and frequency of the applied A.C. voltage
remain constant as the gap is varied. It is further
assumed that the D.C. resistance of the winding is
small compared with the A.C. impedance under the
test conditions (this is almost always true in practice).
The applied A.C. voltage is then equal to the induced
EM.F.; hence from elementary transformer theory,

Vi =4/2 = By ANf x 10-8volts

where f is the frequency and V. the R.M.S.
magnitude of the applied A.C. voltage
A Vi x 108
and therefore By = -—=>"""_ g3
* T Ve aANE ®

B, therefore remains unaltered as the gap is varied.
Since T, is constant so also is H,*. Hence for any
gap the value of H, can be found from the curve in

USS v vvvvnnnnn (8)

INDUCTANCE

GAP LENGTH

FiG. 8.~—VARIATION OF INDUCTANCE WITH LENGTH OF
AIr Gar.
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Fig. 6 corresponding to the value of H_ *. The
variation of v,* with H, is given by the appropriate
curve of Fig. 7. Itis evident that vi* is a minimum
for a particular value of H,, and the corresponding
gap ratio can be found from Fig. 6. For this value
of gap ratio, the inductance of the coil will be a
maximum. If a different value of I, and therefore
also of H * is chosen, the minimum value of v,*
will be changed, and will occur at a different value
of H, and therefore of gap ratio. This is illustrated
in Fig. 8 which shows the manner in which the
inductance of a typical coil varies with gap length
for various values of polarising current.

From Figs. 6 and 7 and similar families of curves

for other values of B, it is a simple matter to derive
curves of the minimum value of vy* (denoted by
va*,o), and of the corresponding value of gap
ratio (denoted by «,), against H,* for various values

of By. These curves are shown in Fig. 9.
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F1g. 9.—VARIATION OF MINIMUM APPARENT INCREMENTAL
RerLucTivity AND OpTiMUM Gap Ratio wiIte Hp*.

Determination of the best design of a choke for a given
performance.

The foregoing method and results are similar in
some respects to those described by Hanna and
extended by Glazier (References (/) and (m)). These
methods, as well as several others, aim at the determi-
nation of the maximum inductance which can be
obtained from a core of known dimensions wound
with a given number of turns, for any conditions of
polarising current and applied A.C. voltage. The
practical problem in the design of smoothing chokes
for floating battery installations is, however, to



determine the best dimensions of the core and number
of turns, given the following particulars :(—

Polarising current (normally the maximum
current which the choke is designed to carry).

Magnitude and frequency of applied A.C. voltage.

Incremental inductance and D.C. voltage drop
under the above conditions.

The present method of designing a choke to meet
such requirements is based on the experimental fact

that for any wvalue of }AS  va¥an can be expressed
as a simple function of H, * by the empirical formula,
va¥*, = o« H*® where « and f are constants

depending on the core material and on B 1 and the
frequency. For 4 per cent. silicon steel the variation

of ¢ and B with ]% s for small values of ]A3 1, and over
the lower audio frequency range, is negligible, so that

for values of B A up to 10 gauss a single pair of values
for o and B may be assumed. It 1s fortunate that

higher values of B 1 occur infrequently in smoothing
chokes for floating battery installations. In develop-
ing the design method, it will first be assumed that

B + does not exceed 10 gauss ; reference will be made

later to the more complicated problem when B A
has larger values.

The values of a and B can be determined by
plotting the curves of Fig. 9 to logarithmic scales,
and drawing a mean straight line through the experi-
mental points. It is found that for 4 per cent.
silicon steel the equation is then accurate within +
5 per cent. over a range of H,* from 20 to 200 oersteds,
which covers the practical values. Typical values
of H,* occurring in actual chokes are given in
the following table. The table also includes the
values of other design parameters to which reference
will be made later.

PARTICULARS OF TyPICAL SMOOTHING CHOKES

Current Induct- 3ot H.* Y __
rating  ance L. diop ' Approx. 1 l:f\ 1‘}\’ '\/ A
malli- Voo ‘Vflght 093‘ = o =  _

amps.  henrvs  volts bs. steds '\/A l
1 700 54 11 35 00064 65 014
10 10 19 1 33 73 ' 00123 64 0-11
200 13 | 045 260 | 110 | 00035 55 0-08
500 072 040 730 130 00032 ' 5.4 0-11
1500 0079 017 730 130 | 60076 5:3 0-11
2200 0094 030 1460 | 150 ' 00046 86 007

It may be assumed that, whatever the shape and
size of core and number of turns, the gap will be
adjusted to the optimum value for the specified

polarising and incremental conditions. Hence
equation (7) can be rewritten
0-4m N2A
Ly= X 1078 (9)
lVA min
Also by definition H,* = 0'47; Ny (10)

A third equation is required involving the D.C.
voltage drop in the choke (V,).

V,— LR = p b

where R is the D.C. resistance of the winding.
p is the resistivity of the conductor.
A is the mean length of turn.
a is the cross-sectional area of the conductor.

It is convenient to make the following substitutions :

N
k, = % ........................ (12)
and k, = ?/% ...................... (13)

From purely geometrical considerations of reason-
able shapes of core and winding, k, and k, will not
vary much, though k; will tend to be smaller for
very heavy current chokes in which, to assist cooling,
the winding conductor fills only a small percentage
of the available winding space. In the development
of design formule, k; and k, will be assumed constant.

From equations (11), (12) and (13)

Lpk,N24 /A  LKN2yA

Vs = k.2 2

.. (14)

where K = k—z

The ratio _\/ZA will be called the core-shape factor,

denoted by . For a short core of large cross-sectional
area, y will be large, whereas for a long thin core y
will be small. The determination of the best value of
this parameter is part of the design problem. Sub-

stituting VA = ! in equations (9) and (14),
0-47 N3y2] y

L, — 10 .. (15)
VA" mmn
2
and V, = ESZ\I_V .................... (16)

From equations (10), (15), (16) and the empirical
equation

vt a=al* Lo (17)

the unknown quantities N, v *,, and H/* can
be eliminated and the following solution found for /,
the magnetic length of the core

1

I [ a2l ZK2-8] 2+8 1016 ]Il?

(0472232 BV 26 -+(18)
Hence the volume of the core = Al = B
i
_ y2—8K32-B)gSL 61 328 x 1048 118 (19)
= (0-I7)sa-AV 32-A o
Solving equations (10) and (16) for H,* and N,

H* = 04r (
%
andN-(IKy>

When H,* has been determined, the value of =,
the optimum gap ratio, can be found from Fig. 9.

As stated above, K is approximately a constant
for all chokes using the same conductor (invariably
copper) for the winding. a and B are experimentally
determined for the core material in question. The
only remaining unknown parameter is .
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Optimum Value of vy, the Core-shape Factor.

By choosing various values for y, it is possible to
design a whole range of chokes with cores of difterent
shapes, all giving the same inductance and voltage
drop at the specified polarising current. The most
suitable choke may be selected from any one of the
following considerations, depending on circumstances,

(a) Minimum volume.
(6) Minimum weight.
(¢) Minimum cost.

Dealing first with condition (), it is evident from
equation (19) that the volume of the core of a choke
satisfying the performance requirements is pro-

2—8
portional toy ¢+# .

The volume of the winding conductor

= NaA
= kiko" VA

—_——IﬁxlA
Y

k.k
= 172 s vyolume of coie

Y
Hence total volume of core plus winding conductor
is proportional to
2—8
(.lﬁ + 1) yTTE
Y
By differentiating this with respect to y and
equating to zero, it can be shown that the total
volume is a minimum when
2(1 +
= —gtﬂ kiky
It will be seen that the optimum value of y depends
on 8, which is determined by the core material, and
on k, and k, which are approximately constants for
all chokes. For 4 per cent. silicon steel 8 does not

vary much with frequency or B, (for values below
10 gauss). Hence it follows that for a given core
material, a single value of y will give minimum
volume for all chokes irrespective of inductance or
current rating, provided the characteristics are
specified in the manner assumed, i.e., the inductance
value and voltage drop to be obtained at a certain
polarising current.

The densities of 4 per cent. silicon steel and copper
are approximately in the ratio 1:1-2; the value
of y giving minimum weight is therefore 1-2 times
the value giving minimum volume. The costs per
unit volume of 4 per cent. silicon steel and copper
are in the ratio of about 1 to 2, so that the value of
v giving minimum cost of core material and copper
would be about twice the value giving minimum
volume. However, the labour and overhead costs
of a choke with this value of ¢ would exceed those
of one designed for minimum volume, on account
of its greater size. To determine the value of y
giving minimum total cost it is necessary to know
how these other costs depend on the various design
factors.

Practical Values of Constants.
From the dimensions of a large number of chokes,
of which a few examples are listed in the table, the
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mean value of k, may be taken as 0-007 and of k,, 6-5;
for copper (hot) p=1+9 microhm-cms, say, and hence
K=p k,/k, =1-76 x 1072 For 4 per cent.silicon steel,

and for values of B, not exceeding 10 gauss, average
experimental values of a and 8 are 0-00105 and 0-6
respectively.

With these values, from equation (22), the value
of y for chokes of minimum volume is about 0-1,
and for minimum weight about 0-12. The curves
of volume or weight against i are quite flat in the
region of the minimum, so that the difference in
either weight or volume between a choke designed
for minimum volume and one designed for minimum
weight is very small. The values of y obtained from
actual chokes given in the table suggest that chokes
are in practice normally designed for minimum weight
or volume.

Taking y = 0-1, equation (19) becomes

I 1.69LA1.30 3 (23)

L_—=—cmd ......
VpO 91

I 1.69LA1.30
and Total volume = 6900 LVW— cm3
P

Volume of core = 4700

Ip‘.69LA1.30
VPO.QI
The total volume of the complete choke in case

will usually lie between 5 and 10 times the volume

given by the above formula. Again assuming the
same values of constants,

Total weight of

=024 cubic ft. ..(24)

.69 1.3
Ipl 6 LA 0

core and winding= 120 o Ibs. ...... (25)
P
Equation (18) 0.56] 043
becomes! = 78 EV %3% cm o o...... (26)
»

From this equation and equations (20) and (21),
all the design data necessary for the construction of
the choke can be derived.

Value of Incremental Flux Density.

The numerical values of a and B in the above
formule apply to 4 per cent. silicon steel for values

of B, up to 10 gauss. The same design method

can be applied when B, has larger values, provided
the appropriate values of a and B have been experi-
mentally determined. A preliminary design can be

made on the assumption that B, is not greater
than 10 gauss; when A and N have been calculated,

the value of B, can be found from equation (8).
If the value exceeds 10 gauss, the design can be
modified using the appropriate values of a and 8.
The method is one of successive approximation,
but fortunately a and B do not vary rapidly with

B, so that one redesign will usually be sufficient.”
In chokes designed for floating battery equipment

employing generators, B, will almost invariably be

“From equations (9), (10) and (17) a formula for AN can be
developed which enables the approximate value of Ba to
be determined without making a complete preliminary
design.



less than 10 gauss. When rectifiers are employed,

a larger value of B a will usually occur in the first
choke of the filter.

Effect of Temperature Rise on Design.

In the method of design given above, no account
has been taken of the temperature rise of the winding.
It has been assumed that the design is limited by
the permissible voltage drop. It is possible to make
an approximate estimate of the temperature rise
with any given design of choke by calculating the
power dissipated per square centimetre of winding
surface. This value should not exceed about 0-1 watt
for a 40°C maximum temperature rise. The surface
area of the winding will be approximately proportional
to /, the magnetic length of the core, and to the
mean length of turn, A. A has already been assumed

proportional to /A, so that the surface area can be

written k, [ v/ A where k, is a constant. From data
derived from a large number of chokes, the average
value of k, for shell-type chokes with a single winding
is 1-8, and for core-type chokes with two windings,
3:6 (when temperature rise is likely to be a serious
factor the latter type of construction would normally
be used). The power dissipated in the winding is
VI, and hence if w is the power per square
centimetre,

V.l V.1,
=— =P 27
VERGIVA T Kyl =D
Substituting the value of / of equation (25),
Vp1.6

w=4-6 X 10~* e (28)
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for core-type, two-winding chokes.
For shell-type, single-winding chokes the value
of w is twice that given by the above formula.

It is evident that, with chokes designed according
to the method described, temperature rise will be

greatest when the voltage drop is large or the incre-
mental inductance value small, the current rating
having little effect. The permitted voltage drop
for chokes used in filters of floating battery installa-
tions does not vary much. With economically
designed filters, values of inductance small enough
to give a large temperature rise occur only in filters
for very heavy current ratings. When the estimated
power per square centimetre for any design is
excessive the dimensions of the choke can be slightly
increased. This will have the effect of increasing
the radiating surface and reducing the voltage drop
and therefore the total power dissipated.®

Application of the Method.

The method described gives the best design of a
choke having a certain inductance at the rated
polarising current, the way in which the inductance
value increases as the polarising current is reduced
below the rated value being assumed to be of no
importance. With chokes designed according to
this method, the inductance with no polarising current
will usually be about 30 per cent. greater than the
value at the rated polarising current. For some
special applications, a choke may be required of
which the inductance value is either very constant
over a wide range of polarising currents or varies
in some definite way. Such instances require special
treatment.

When the method is applicable, equations (24)
and (25) can be used to give a rapid estimate of the
probable size, weight and cost of a choke, without
the necessity of working out the design in detail.
This is of particular value where very large chokes
are concerned, since accommodation and strength
of flooring are then often serious problems.

8Design formulae can be developed based on a specified value
of w instead of a specified value of V,, but these are not
given here owing to lack of space.
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The Economic Design of Manholes

U.D.C. 621.315.233
Part lll—Design of a Typical Manhole

J. P. HARDING, B.Sc.(Eng.)

The last of this series of articles applies the formul previously developed to the design of a typical carriageway manhole
and shows the savings in materials and labour effected in the new design,

WALL DESIGN

T will be of interest to examine the application
Iof the theories described in the previous articles
to the design of a common size of carriageway

type manhole of interior floor dimensions, 6 ft. by
4 ft. and height 5 ft. 6 ins. (present P.O. type RC1).

It has been shown that the bending moments
induced in a slab or a beam depend upon the degree
of fixity provided by the supports. It is not possible,
therefore, to deduce the stresses in a slab from the
loading which is acting upon it without a knowledge
of the fixity provided at its édges, which, in turn,
depends upon the dimensions, thickness and rein-
forcement of the adjoining slabs. It is necessary
to consider the design of the manhole as a whole,
and make preliminary assumptions (which may be
,subsequentII})I verified) as to the relative thicknesses of
concrete and the arrangement of reinforcement in
the walls, floor, and roof. It is convenient to assume
at first that the thickness of concrete in the different
slabs will be the same and that a variation in the
density of reinforcement in adjoining slabs will not
affect the moment of inertia of the section.

The loadings deduced in Part I, for which a design
is required are as follows :—

Vertical loads—

Maximum concentrated single
wheel loading (including im-

pact) .. .. .. . 11 tons
Maximum distributed loading
on roof 3000 1bs./sq. ft.

Horizontal loads—
Maximum concentrated anchor
iron loading in end walls
Maximum distributed lateral
loading on ‘walls 620 1bs./sq. ft.1

The effective lengths of the various slabs will be
those measured to the centre of the supports. For
slab thicknesses of about 6 ins., the effective lengths
may be deduced sufficiently closely by adding % ft.
to the interior dimensions.

Table 1 shows the general method of calculating

5 tons

! Part I showed that flooding produced an increase of
125 per cent. in the static earth pressure. The average earth
pressure on the walls of a manhole at small depth would be
about 200 lbs./sq. ft. (Fig. 8 (), Part I), and the “ flooded ”
pressure, therefore, 225/100 x 200 = 450 lbs./sq. ft. This
will be the greatest pressure produced at that depth, since
the presence of traffic will, under flooded conditions cause
no appreciable increase in the lateral pressure. In the very
unlikely event of serious flooding spreading to a depth of
15 ft. or more, it 1s possible that the external pressure of
620 1bs./sq. ft. may be exceeded, but in such circumstances
the manhole would almost certainly have filled quickly
with water borne over the duct lines, thereby partly equalising
the external pressure and relieving the walls of serious stress.

TaBLE I
: }
&3] . @) EC i (4)
| Free ”” Moments Corner Moments Loading
END WALT |
Ly p M=0.50 ¥ 620 x (43)° ; fb= 041 EARTH AND TRAFFIC
L —p=13 8 'M=041x§x789 w=6201bs./sq.ft.
s %2 =789 Ibs ft. | = —214 Ibs. ft.
L,_4 ! ‘
P =0-69 | \‘
I M=269, x 789 M=26% x —214 EARTH ONLY
=+205 Ibs. ft. =—56 lbs. ft. » =160 lbs./sq. ft.
— —_— (269, of 620)
' M=40401bs. ft. | M=—0-41x$x940 ANCHOR IRON
‘ | —=—2571bs. ft. LOADINGS
S Se— |
I
SIDE WALL ‘ ‘ fb: _0.58 EARTH AND TRAFFIC
Ly e 108 } M.026% 622 X(63)" | M=—0-58x3%8556 w=620 Ibs/sq. ft.
Ly 6 =855 1bs. ft. | ——330 Ibs. it.
‘ i EARTH ONLY
L, 6} i M==26% x 855 M=26% —330 =160 1bs./sq. ft.
T 44 o= +222 Ibs, ft. = —86 Ibs. ft. (269, of 620)

M= 4120 Ibs. ft. M= —(58x~~120 LOADED CABLE

- ibs. ft. BEARERS
8lbs I (2 concentrated
loads of 150 1lbs.
each)

the “free” and * corner ” moments. Column (1)
contains the ratios of L /L., from which the bending
moment coefficient can be read from Fig. 7, Part II ;
the ratio Ly/L, is also given and, from Fig. 13, Part II,
is used to obtain the value of f,. The bending
moments for the lateral pressures due to earth and
traffic loading are evaluated and those due to earth
loading only deduced also.

F1c. 1.—ANCHOR IRrRON.

The bending moments produced by the anchor iron
loading on the end wall may be found as follows :—

The redesigned form of anchor iron shown in
Fig. 1 has bearing dimensions of approximately
5 ins. X 5 ins. When embedded in 5-in. concrete
with 1 in. cover to the bearing plate, the load spread
to the inside wall of the manhole will be given by—

u=v=4/a% 1 H2 =14/5% + 42 — 6-4 ins.

u v

I. == (12 and I

Hence

= 0-089.
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Taking an intermediate value of 0-10 and reading
from Fig.9, Part II, for a ratio of L./L,=1-33, M,=2-7,
the corresponding value of M, for a distributed load
(u/L,=1-0) is 0-6. The concentrated load, therefore,
induces a bending moment in the direction L,
2-7/0-6=4-5 times as great as the same load would, if
uniformly distributed. The corresponding distributed
load would be (5 x 2240)/(6 x 41)=415 lbs. per sq. ft.
The ““free”” bending moment produced by the concen-
trated load of 5 tons is, therefore, 4:5x0:5x 415X
(41)2/8=2,350 1bs. ft. in the direction L,. This moment
is that which would be produced by a loading in
the centre of the wall. In the manhole to be designed
the anchor irons in the end walls are to be fixed
9 ins. from the side walls and from the roof. It has
been explained previously that the method given is
applicable only for the calculation of loads disposed
symmetrically on the slab. There is no mathematical
method, so far as the author is aware, of evaluating
the moments where the loads are operating off
centre. Tests have shown, however, that, where the
load is acting considerably off centre, as in the
present instance, a reduction of 60 per cent. in
the bending moment may be safely assumed in the
direction L, when the moment to be allowed will be
(40/100) x 2,350=940 Ibs. ft.

The bending moments in the side wall resulting
from loaded cable bearers have been deduced in a

TABLE II—DEsicN MOMENTS
Slab Moment End Wall.

i ;?Z}Earth and traffic loading.

i gggl’Anchor iron loading.

— 86 Earth loading (side wall).
41,172 1bs. ft.

5 in. concrete. Reinforcement 0-23 sq. ins./ft.
£ in. diam. rods at 6 ins. centres (0-22 sq. ins./ft.).

Slab Moment Side Wall.

+ 855
— 330

i lig}Cable bearer loading.

— 56 Earth loading (end wall).
+ 543 lbs. ft.

}Earth and traffic loading.

5 in. concrete. Reinforcement 0-10 sq. ins./ft.
$ in. diam. rod at 12 ins. centres (0-11 sq. ins./ft.).

Corner Moment.

— 214 Earth and traffic loading} end
— 257 Anchor iron loading wall
— 330 Earth and traffic loading}side
— 46 Anchor iron loading wall

— 847 lbs. ft.

6 in. concrete. Reinforcement 0-13 sq. ins/ft.
2 in. diam. rod at 9 ins. centres (0-15 sq. ins./ft.).
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similar way by considering the effect of two con-
centrated loads of 150 lbs. each, calculated as
described in Part I.

It is necessary to find from the loadings the
maximum positive moments acting on the end and
side walls and the corner moments acting at the
edge joining them. The greatest positive central
bending moment in the end wall will be pro-
duced when the 5-ton anchor-iron loading, earth
and traffic loading are all acting together. The total
moment resulting from these will be the algebraic
sum of the free and corner moments produced by
these loads as shown in Table II. It will be observed
that this moment is diminished by the negative
corner moment produced by the earth loading on the
side wall. The corner moment at the joining edge
and side walls includes all negative corner moments
produced simultaneously in the end and side walls.
It might be contended that the full traffic loading
is not likely to be acting on each wall at the same
instant as the maximum anchor iron loading is
acting, but any reduction on this account would be
uncertain and has not been made.

Arrangement of Wall Reinforcement.

The maximum central positive bending moment
of 1,172 1bs. ft. in the end wall requires 5-in. concrete
reinforced to a density of 0-23 sq. ins./ft. ; £ in. diam.
round rods spaced at 6 ins., giving a density of
0-22 sq. ins./ft., will be suitable. The bending
moment in the side wall of 4543 lbs. ft. requires
reinforcement of 0-10 sq. ins./ft. for 5 ins. concrete ;
2 in. diam. rods spaced at 12 ins., giving a density
of 0-11 sq. ins./ft., will be suitable. (This bending
moment could be met by 4-in. concrete, but when
the vertical moment in the side wall is calculated
it is found that 5-in. concrete is required.) This
reinforcement in the end and side walls will be
placed on the insides of the walls and, theoretically,
need only extend between the points of contra-
flexure (Part II). TFor convenience in placing,
however, and to take account of bending moments
produced from anchor iron loadings in the floor,
the vertical bars extend the whole length of the
wall and are cranked inwards at their lower ends
and set in the floor with normal cover to the surface.
By extending these bars sufficiently in the floor of the
manhole they may usefully serve also as floor rein-
forcement, the increased depth of the sump hole
being amply strong to accept the induced bending
moment without reinforcement. The total vertical
loading on the floor of the manhole will be supported,
therefore, by the outer area of floor reinforced as
described. The density of the reinforcement available
by cranking the interior wall reinforcing bars is
sufficient for this purpose, since it is not necessary
for these bars to accept the stress due to the total
traffic load which may occur on the roof of the
manhole plus the dead weight of the manhole itself.
Only a fraction of this total load will be transmitted
to the floor on account of the considerable friction
between the rough outside walls of the manhole
and the surrounding earth.

The corner moment of —847 lbs. ft. requires
reinforcement at 0-16 sq. ins./ft. for 5-in. concrete



or 0-13 sq. ins./ft. for 6-in. concrete. The corners
of the manholes in the present design have been
webbed (as shown in Fig. 2) so that a greater thickness
of concrete is available at the corners; £ in. rods
spaced at 9 ins. giving a density of 0-15 sq. ins./ft.

will be most suitable. The corner reinforcement may .

conveniently be in the form of rods bent at right
angles. The length of each limb will be .determined
either by the necessity to extend to the point of
contraflexure or by the minimum grip length.

STIRRUPS

MAIN BEAM*
REINFORCING BARS

HORIZONTAL BARS

CORNER
REINFORCEMENT HORIZONTAL

INTERIOR WALL REINFORCEMENT ANGLE PIECES
Fic. 2.—Mans"oLE TypE RI1.

It is seen in this instance that the end and side
walls require to be constructed in 5-in. concrete
and, therefore, the assumption that the various
slabs will be of equal thickness is correct and no
adjustments need be made to the values of f,, due
to a change in the ratio I,/I,. Moreover, the corner
moment between the end and side walls is inter-
mediate between the central positive moments in
the end and side walls, which allows the most
economical construction.

The bending moments in the other directions in

the side and end walls and in the roof slab may be
found in a similar way, the beams in the roof slab
being considered as providing the same fixity as a
vertical wall at that point. The portions of the roof
formed between the beams and the end walls require
to be reinforced against the negative corner moment
at both these points. The ordinary bent corner
reinforcement will suffice for corner reinforcement at
the end wall.

The calculated values of the negative corner
moments at the beams are small and can be met by
bending up alternate reinforcing rods as shown.

Roor DEsiGN

The size of manhole under consideration will be
fitted with an entrance adjacent to one of the side
walls for which the frame and cover supports must
withstand the maximum loading of 11 tons.

The load of 11 tons can best be supported by two
reinforced concrete beams parallel to the shorter sides
of the manhole. It will not be advisable or practicable
to assume that these beams are other than simply
supported, although they could be made of a smaller
section if this were the case. The side walls, unless
strengthened, would not be able to provide a satis-
factory corner fixity for the localised and considerable
bending moment which would be produced in the
beams 1f these were fixed or partially fixed at their
ends. Accordingly, the beams have been assumed
to be simply supported and, to ensure that the side
walls are not subjected to a severe corner moment
at the beam supports, pieces of bitumen soaked paper
are used to prevent knitting of the concrete at these
points. The side walls are, however, reinforced against
outward bending at the beam supports by the use of
two §in. rods placed on the outside, as shown in Fig. 2.

The effective length of the beams will be 4 ft. 6 ins,
It is necessary to estimate the proportion of the
11-ton loading which may act on one of the beams.
Bearing in mind the width of a cover and the probable
bearing area of the wheel concerned, it will be reason-
able to allow for a maximum of 60 per cent. of the
total load to act on either either beam. This load
will be distributed throughout the length of 2% ft.
from one end. .

The bending moment produced will be, therefore :—

60 31 /2%.3%

w0 g\ g

= 4-3 ft. tons
or 9,650 ft. 1bs.

(The moment due to the dead weight of the beam,’
frame and cover is very small and may be safely
neglected.)

A convenient size of beam which will accept this
moment will be 6 ins. wide and 10 ins. deep reinforced
in full compression with four £ in. diam. rods.
Allowing for 1 in. cover to the rods, the bending
moment which this beam can accept will be (Fig. 3(b),
Part II), 2x18,000x0-88x3§/12=9,600 ft. Ibs.,
which is satisfactory. The minimum grip length
for a 2 in. rod is 374 x} (Equation (10), Part II)=
28 ins., i.e. 2 ft. 4 ins. This is very close to the half-
length of the reinforcing rod in the beam and the
resulting bond stress will be satisfactory. An end
anchorage consisting of a hook of the prescribed
dimensions is also incorporated.
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in this way shows that, although the degree of fixity
of the walls at their upper end is changed, the bending
moments in the walls are sensibly the same as for the
corresponding types of carriageway manholes, which
conveniently allows of the same density and arrange-
ment of reinforcement in the walls and floor. Foot-
way manholes, therefore, designed in this way
would depart from the corresponding carriageway
types only in so far as they would vary in roof
construction, in dispensing with beams and in the
adoption of a simple slab reinforcement.

A roof design for a footway manhole is shown
in Fig. 6.

There is, however, only a very small saving in
labour and material in this construction compared
with the carriageway design and, in view of the
possibility of footway type manholes requiring to be
converted to carriageway type on account of road
widenings or for other reasons, it has been decided
to standardise the carriageway type construction
for use in both footways and carriageways. The
manholes, which will be known as RO, RI1, etc.,
will, therefore, be suitable for construction in carriage-
ways and footways alike at all depths, the frame and
cover being of carriageway or footway type as
appropriate.

By this reduction in the number of types of man-
holes it is expected to simplify construction and the
preparation of estimates and to avoid the demolition
of footway type manholes when it is found that
carriageway types are required.

SHAFTS

The theory outlined can readily be applied to
calculate the necessary thickness of concrete and
reinforcement for manhole shafts. Fig. 8, Part I,
shows that the maximum horizontal pressure due to
earth and traffic loading is approximately 1,100 lbs./
sq. ft. Assuming that the effective length of the
slab span of a side of the shaft is 21 ft. and that the
span is long in comparison with its width, the
*“ free ” moment produced across the span would be
1100 x (24)2/8=860 lbs. ft. For a square shaft the
ratio Ly/L,=1, and the value of f,=0-5 (Fig. 13,
Part IT). The corner moment will be —0-5 X § X 860=
—286 lbs. ft., and the central positive moment is,
therefore, 860—286= 1574 1bs. {t.

This moment could be met by 4-in. concrete, but
it will be more satisfactory to use 5-in. concrete on
account of it being desirable to work to a higher
factor of safety in the shaft where bulging of the
concrete might have serious consequences. Further,
there is some risk of the percolation of water if a
thickness of concrete much less than 5 ins. is used.

Suitable reinforcement would, on this basis, be
2 in. dia. rods at 6-in. spacing for the central positive
moment, and § in. dia. rods at 9-in. spacing for the
corner reinforcement, the general arrangement being
as in Fig. 7.
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F1G. 7.—REINFORCEMENT OF TYPICAL MANHOLE SHAFT.

EcoNomIES EFFECTED IN STEEL AND CONCRETE

The savings in materials effected in the designs
described vary in the different sizes of manholes.
The amount of steel used in the new design is
approximately 40-50 per cent. of that used in the
early designs and the corresponding amount of
concrete between 75 and 80 per cent. Due to
the reduced thickness of the walls there is also a
slight saving in excavation charges. As has been
previously mentioned, the wider spacing of the rein-
forcement in the walls enables these to be erected
more quickly and, despite the increased complication
of the reinforcement, there is an appreciable saving
in the time necessary to erect the walls.

Experience so far has been confined to the building
of one or two manholes of each type, and circum-
stances did not permit an accurate record of costs
to be kept during construction. It is expected, how-
ever, that the overall cost of the re-designed manholes
will show a reduction of between 10 and 15 per
cent., this saving, as explained, being partly due to
the conservation of steel and concrete, and partly to
the reduction in labour both in laying concrete and
in excavation charges.
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A Simple Introduction to the Use of Statistics

in Telecommunications Engineering

U.D.C. 519.2 : 621.39

Part 3.—The Poisson Probability Law

J. F. DOUST and
H. J. JOSEPHS, rss., AM.LEE.

The present article discusses the fundamental principles of probability theory from the viewpoint of the Poisson probability
law. A significance test is outlined.

Introduction.
HE previous articles of this series dealt with
I normal distributions in which it was theoreti-
cally possible for a member of a population to
possess any value within a certain range. Many
important cases arise, however, where this is not
possible and only certain values, say positive integers,
can occur. The Normal Probability Law no longer
applies and in the following pages other methods of
attack, based on the Poisson Probability Law, are
outlined. Owing to the gradual merging of one type
of distribution into another it will be seen that
alternative methods are available, and the choice of
the most suitable becomes a matter of experience.
The dependence of the theory of statistics on the
classical theory of probability can no longer be
ignored, but is hoped that, as before, most difficulties
have been avoided by a liberal use of the phrase
“It can be shown . . .”

Continucus and Discontinuwous Variables.

It is well known that the theory of probabilities
lends itself to the solution of many important telephone
problems. These problems arise not only in connec-
tion with the trunking of calls but also in statistical
studies which underlie the making of fundamental
plans. The variables considered may be divided into
two main classes—'‘ continuous” and ‘‘ discon-
tinuous.”” A variable which is able to take all possible
values between given limits is regarded as “contin-
uous ”’ over the range considered. When a variable
is not able to take all possible values within a given
range, but is confined to a particular series of values,
such as the whole numbers, it is said to be
““ discontinuous.”

The normal probability distribution is the most
important of the continuous distributions; but
among discontinuous distributions the Poisson
probability distribution! is of the first importance.
If a variable can take the values 0. 1, 2, 3, 4, . . .,
and the relative frequency (or probability) with which
these values occur is given by successive terms in
the sequence

m m mZ —m m3 —m
e, mMeTR, 5o e goaTy e ks
where m is the arithmetic mean of the wvalues,
then the variable is distributed according to the
Poisson probability law. The terms in the sequence
represent the relative frequency of occurrence of the
values 0, 1, 2, 3. ... It will be recalled that
relative frequency of occurrence is defined by the
ratio f/N, where f is the frequency with which the
event occurs and N is the total number of observa-

YPoisson, Recherches sur la Probabilité des Jugements, Paris,
1837, pp. 205.

tions. It will be noted that whereas the normal
probability law has two unknown parameters, the
mean M and the standard deviation o, the Poisson
probability law has only one, namely, the mean m.
The Poisson probability law is sometimes called “ the
law of small probabilities” for reasons stated in
Appendix I, where it is shown rigorously that p,, the
probability (f/N) that an event will happen exactly r
times in a large group of trials for which the average
number is m, is given by the expression

ml'
r!

Pr=

where r! stands for “factorialr”’=r (r—1){r—2) . .3.2.1.

As an example of the Poisson law of small
probabilities, consider the chance of obtaining a given
number of lockouts? on a 4-wire telephone circuit
equipped with two echo-suppressors.

Suppose that during the testing of a certain 4-wire
circuit, records® were made of the number of lock-
outs occurring in 50 telephone conversations and
that it is desired to see if the observed frequency of
lockout is in accordance with the Poisson law of small
probabilities. Suppose also that each conversation
was arranged to have an approximate duration
of 100 seconds and the observed lockouts were
distributed as shown in Table I.

TABLE 1

} r
Lockouts per conversation | 0 | 1 ' 2 ‘ 3 4
7.2

21618277 21 0-4
L

!
Observed frequency .. i 22
Calculated frequency 1

To see whether the observed frequencies vary
according to a Poisson law the value of m must first
be estimated from the sample. It is found to be
0-84. The value of e™*® is 0-4317. Reverting to
equation (1) and recalling that p, is {/N, where N
is now 50, the Poisson frequency for no lockouts is,

fy = 50e~"%, or approximately 21-6.
Likewise the frequency for one lockout is,

f, = 50 (0-84) e, or approximately 18-2.
In a similar manner {,, f; and f, can be easily calculated
from equation (1). The closeness of fit between the
observed frequencies and the calculated Poisson
frequencies is shown in Table I.

When it is recalled that several variables can
affect the frequency of lockout and that the value of

2B.5.T.]., April, 1938, Vol. XVII, p. 258.
3B.S.T.J., April, 1938, Vol. XVII, p. 281.
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the parameter m has been estimated from a small
sample, the question of the stability of this sample
becomes of importance. In other words, are the
discrepancies between the observed and calculated
frequencies due to the vagaries of random sampling,
or, are they due to the fact that the observed fre-
quencies do not follow a Poisson probability law ?
This question will be answered later in the article.
At this stage, however, before any significance test
has been applied to the data, it is important to treat
any inference concerning the frequency of lockouts
as tentative.

It is shown in Appendix 1 that the Poisson
distribution is soundly based on simple probability
theory and also that it consists of a series of discrete
points corresponding to integral values of r. That
the Poisson distribution must be a series of discrete
points and not a continuous curve is a direct result
of the assumption that r represents a number of
occurrences, and it is important to note that the
distribution is determined solely by the value of the
arithmetic mean m. The Poisson distributions for
several values of the mean, m, are shown in Fig. 1.
The smooth continuous curves have been drawn
through the discrete points which represent the
distribution merely to show more clearly the form
of the distribution.
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Fic. 1..—PoissoN DISTRIBUTION FOR VARIOUS VALUES OF
THE MEAN.

It can be seen from Fig. 1 that the skewness of the
Poisson distribution is very large for distributions
which have small values of m and is less in those
with larger values of m. The Poisson distribution
tends to approach that of the normal law as m increases
and would eventually become identical with the

1490

normal law if m became infinite. Since, however, nt
must always remain finite, the distribution can
never reach exact equivalence to the normal dis-
tribution, although for large values of m the difference
between the two distributions is extremely small.
The characteristics of the distribution are simple in
that, although skew, they are completely determined
by one parameter alone, namely, the arithmetic
mean m. It will be shown later that this fact makes
it possible for the engineer to devise a straight-
forward graphical test to determine the stability of a
Poisson distribution while data are actually being
gathered.

The Poisson Exponential Summation.
According to the Poisson distribution the proba-

bilities of occurrence of the values 0, 1, 2, 3, . . . etc.
are given by the series,

- m? md m

€ ,m,z—!,ﬂ, ...... ,T!—,...

where m is the arithmetic mean. Thus, according
to this series, the chance that there are exactly
3 occurrences of an event in a large group of trials
is given by (m3e~3)/3!. The chance that there will be
at least 3 occurrences in the group will be given by
the sum of the series, starting at 3, namely,

m3 m? m?d mF

e‘“‘ﬁ—!—l—j 5—'+ ...... +W+”.

In general, the chance or probability P, that an event
will happen at least r times in a large group of trials,

may be written as,
m* me+1 m{+2
-+ (r+1)!+(r—f—2)!+ ...... etc.)

because it is the sum of the probabilities of the
occurrence of all values equal to or greater than r.
This expression can be written as
n=co

mn

n!
n=r
where the summation sign I indicates that the
sum of all the terms from r to oo, beginning with
m*/r!, is to be taken. This series is known as Poisson’s
exponential summation and is one of the fundamental
expressions in modern probability theory. For
purposes of calculation, however, it is possible to
transform P, (which involves an infinite limit in
the summation), into a more convenient form,

n=co

e—m

P.=em

Noting that e"“z El' , the sum of all possible
n=o0 ’
chances, is equal to unity, P, may be written in the
finite form .

n=r—1
m'll
P.=1—e™
n==o0
which is quite convenient for numerical calculation.

In engineering applications of Poisson’s law the
summation form is generally used instead of the




individual term form, because usually the chance
of exceeding a certain limit, rather than the chance
of obtaining any one particular value, is required.

It has been found* that the rapid application of
the Poisson summation to practical problems is
greatly facilitated by the use of what may be
described as Poisson probability paper. In Fig. 2
are sets of curves, calculated from statistical tables?,
showing Poisson’s exponential summation expressed
by equation (2).
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F1G. 2.—COMPARISON OF AN OBSERVED DISTRIBUTION OF
ReLAay ConNTacT FAULTS WITH 1Ts CORRESPONDING
THEORETICAL PoissoN DISTRIBUTION.

The curves in Fig. 2 give the relationship between
m, the mean number of occurrences of an event in a
large group of trials, and the probability P, that
the actual number of occurrences in any such group
of trials will equal or exceed any given number r.
A scale proportional to the normal probability
integral and constructed in the manner outlined in
the first article is used for P,. A linear scale is used
for the mean m, and the curves indicate particular
values of r starting at r=1. One chart (see Fig. 4)
>overs a wide range of values of m andr, the individual
: curves extending from m=0 to m=200 in steps
>t 5. To cover on a larger scale a smaller range of
n and r values, the probability chart shown in
Fig. 2 has been produced, which gives the individual
: curves in unit steps from m==0 to m=15. These
wo probability charts?® were prepared by Dr. G. A.
~ampbell, and a third chart, supplementary to the
ibove two, has been prepared by Miss F. Thorndike.5
[Chis has a logarithmic scale for m, and shows more

¢B.5.T.]., Jan., 1923, Vol. II, p. 93.
$B.S.T.]., Oct., 1926, Vol. V, p. 604.

clearly than the Campbell charts, the important
range 0-1<m<2. These probability charts enable
the comparison of actual data with the corresponding
Poisson summation to be easily made graphically,
thereby avoiding tedious calculations. The charts
can be used as co-ordinate paper® on which to plot
any distribution of data, theoretical or observed,
provided the values of the variable are limited to the
positive integers and zero.

The Use of Poisson Probability Paper.

In the vast majority of practical uses the engineer
will know whether or not he is dealing with a dis-
continuous variable. If observations are made of
the occurrence of a discrete event which either
definitely happens or fails to happen, it is likely that
the frequency distribution will be of the Poisson
type. As an example consider the occurrence of
faults on a particular type of relay contact in auto-
matic exchanges as shown in Table II.

TasLe II

| s |
Number of contact faults “ l P 1 '
per exchange per week.. | 0 1 ‘ 3 ‘ 4 ‘ 516|718 91011 12‘13 4

. BT 203383‘525 532408 273 13045271004 01| B

. ‘54 2101407 525‘508‘394 254140,68 20 11} 4 “ 1/0l0
j

|

Observed frequency

Calculated frequency

From the nature of the event under observation
it may be assumed that the observed frequency
distribution will follow a Poisson probability law.
To test this assumption the theoretical frequencies
are calculated and compared with the observed
frequencies. The mean m of the observation is 3:87,
and using this value in equation (1) the theoretical
frequencies can be calculated. From the table it
can be seen that the calculated frequencies fit the
observed frequencies reasonably closely.

For the purpose of testing the goodness of fit it is
desirable to plot both the theoretical and observed
frequencies on Poisson probability paper. Since r
is small and m=3-87, the second type of Poisson
probability chart is used in which the individual r
curves extend in unit steps from m=0 to m=15.
To use this chart as a background for plotting the
observed frequency distribution begin by erecting a
vertical line at the point m=3-87. The corresponding
theoretical Poisson distribution is represented by
the points in which the vertical line cuts the r curves,
or for convenience, simply'by the vertical line itself
as shown in Fig. 2. The observed distribution may
then be plotted with r and P, as the independent
variables, and the horizontal deviations of these
points from the vertical line serve as a measure of
the discrepancy between the two distributions.
Since a goodness of fit test is to be made between a
theoretical and an observed frequency distribution,
the values for the probability P, are the values of
the observed relative frequencies, and these can be
calculated from the observed data as shown in
Table III.

%The three classes of Poisson probability paper discussed in
this article can be obtained from the Research Branch of the
E-in-C’s Office.
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TABLE III.—ARRANGEMENT OF DATA FOR A PoissoN TEST

Number of |

Observed |, Number with
contact frequency | at least the | Relative
faults per of values of ' frequency
exchange occurrence 0,1,2,...etc. (Pr)
per week ' !
0 57 2608 1-0000
1 203 2551 978
2 383 2348 900
3 525 1955 “753
4 532 1440 552
5 408 908 -348
6 273 | 500 192
7 139 227 087
8 45 88 034
9 27 43 ‘0165
10 10 16 | 10061
11 4 6 ‘ -0023
12 ‘ 0 2 i 00077
13 ‘ 1 2 100077
14 1 1 : 00038

fSum of }: 2608
requencies

It can be seen from Fig. 2 that there is a good
fit between the observed dots and the vertical line
and consequently it may be concluded that the
sample examined indicates that the number of
contact faults follows a Poisson probability law.

A Poisson Significance Test.

It is necessary to bear in mind several practical
conditions which must work against any perfect
agreement between an observed distribution and the
corresponding Poisson distribution. In the first
place, the sample considered will necessarily consist
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F1G. 3.—A Po1ssoN TEST FOR STABILITY OF MEAN.

142

of a finite number N of items instead o1 an infinite
number as assumed in the mathematical theory, and
in the second place, the items considered may not
be completely independent as assumed in the theory.

In a stable Poisson sample the horizontal deviations
from the vertical line erected at its mean value m.
should be very small, whereas if the number of items
N is too small to ensure stability, the plotted points
will fall about a vertical line to the left or right of m,
the distance being reduced as the number of items
in the sample is increased. If, however, the mean
of the population is unstable or Varying in any
manner, the plotted points will slope to the right
as shown in Fig. 3, curve 3. If a random sample has
been drawn from a stable population, but not a
Poisson population, its distribution of dots will be
away from the Poisson vertical line and sloping to
the left.

The Binomial Probability Law.

In the Appendix it is shown that if the probability
of an event occurring is p, and the probability of it
not occurring is q, then if a random sample of n trials
is made, the frequencies with which the event occurs
0,1, 2, 3...n times are given by the successive
terms of the binomial expansion (q+4p)*. The
binomial probability law is one of the fundamentals
of probability theory and it can be shown that
most of the stable distributions of discrete points,
including the Poisson distribution can be derived from
the binomial (q+p).

When p=q and n>10, the binomial distribution
reduces to the normal probability distribution. If,
however,n>1000 and p+£q, but neither is very small,
the binomial distribution again reduces to the normal
form. The plotted points in Fig. 3, curve 1, were
obtained from random samples drawn from a normal
population according to the binomial (3-43)10. It
should be noted that the negative slope is only
slightly affected by the number of items in the
sample. It is shown in Appendix 1 that a special
case arises when p—0 as n— o in such a way that
the product np remains finite and equal to the mean
m for (q+p)* then reduces to the Poisson exponential
series given by equation (1).

The Theory of Probability.

The theory of statistics is derived from the classical
theory of probability which developed in France from
a study of lotteries and games of chance. Before
discussing the meaning of probability in statistics
it would be well to point out that the word
*“ probability ”’ is used in two senses: in ordinary
life it refers to the degree of uncertainty that is felt
about the occurrence of an event; in mathematics
it refers to a number. This number is a measure of
the probability and falls in the range between zero
and unity. The end points 0 and 1 correspond to
“ impossibility ”’ and “ certainty "’ respectively. The
twin meaning of the word probability, its reference
to the state of ignorance concerning an event and its
measurement relative to an arbitrary scale, are
obviously joined together. Otherwise the results of
mathematical investigation could never be applied
to everyday life. Whatever this bond may be, it
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say, 10 of the 100 selected will be
defective ? In a posteriori probability
the characteristics are given of a
sample which has been taken from an unknown
population and a probability question is asked
tegarding the unknown sampled population. For
example, suppose that a box contains 1,000
rectifiers, of which some unknown number are
defective. Of 100 rectifiers selected at random from
the box, 10 are defective. What is the probability
that, say, 50 of the 1,000 rectifiers are defective ?

The Solution of an a priori Probability Problem.

So far only the solution of statistical or a posteriors
probability problems has been dealt with. It must
not be thought, however, that the application of
probability paper is restricted to this class of problem.
As an example of the solution of an a p7iors robability
problem consider the following question: How
many junction lines to a nearby exchange shall be
installed from an exchange of 2,000 subscribers so
that only one out of every hundred calls between
the two exchanges fails to find immediately an idle
junction line ? To answer this question it is assumed
that during the busy hour of the day each of the
2,000 subscribers makes a call to the nearby exchange.
Suppose that when a call has been established between
the two exchanges the conversation lasts on an
average for exactly two minutes. Since two minutes
is 1/30th of an hour, it is anticipated that on the
average 1/30th of 2,000, or approximately 67 simul-
taneous calls must be provided for. This is the
value of m to use in the Poisson formula. But
what about deviations from the mean m? What
are the probabilities that this mean will be exceeded
to various extents ? To determine these probabilities
by plotting on Poisson probability paper, let the
horizontal m scale represent the average number of
simultaneous calls from the subscribers, and the
vertical P, scale the probability that all the junction
lines will be in use when a subscriber attempts to
make a call ; the number of junction lines is repre-
sented by the r curves. Then draw a vertical line at
m=67 on the Poisson probability paper as shown
in Fig. 4. The Poisson distribution of the problem
is then represented by the points in which the vertical
line erected on the calculated m value cuts the r
curves, or for convenience, simply by the vertical
line itself.

Fic. 4.—APPLICATION OF P0I1ssoN PROBABILITY PAPER TO A SIMPLE @ priovi

TRUNKING PROBLEM.

To determine the number of junction lines required
to meet the 1 in 100 condition, draw a horizontal
line from P,=0-:01 to cut the vertical line at m=67.
At the point of intersection of the two lines the
value of r, the number of junction lines required to
meet the 1 in 100 condition, is found to be 87.
Thus 87 junction lines must be installed when the
average number of simultaneous conversations ex-
pected is 67. The probabilities that the average will
be exceeded to various extents can be easily read
from the curve. Thus the probability that the
average will be exceeded by 13 (i.e., there will be
674-13=80 simultaneous conversations) is found to
be 0-07 by drawing a horizontal line on to the P,
scale from the point of intersection of the r curve
marked 80 with the vertical line at m=67. From the
Poisson probability curves Table IV below can be
readily constructed.

TapLe IV

Probability that
(1) number will be

Deviations at least that
from specified in

the mean column (1)

65=67—2 0-6

67 =mean 0-5

69=674-2 0-4

80=67413 0-07

87=67+4-20 0-01

106=67-+39 0-000006

This example shows that the Poisson probability
paper can be used in the solution of a priors proba-
bility problems and can also be used conveniently
in place of unwieldy double-entry statistical tables to
obtain the values needed for making trunking studies.
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Other Applications of Poisson Probability Paper.

In this article only a few of the possible applications
of Poisson probability paper have been mentioned.
It has been shown recently? that Poisson probability
paper can be used on problems which arise in the
building-up of any kind of apparatus out of a large
number of separate parts. To ensure that a par-
ticular piece of apparatus will function within
prescribed limits when it is built up of piece-parts
selected at random, it is necessary to control the
chance variations of each of the parts, so that the
resultant chance variation in the quality of the
assembled unit will fall within the defined limits
with a given degree of confidence. Poisson proba-
bility paper can thus be used in the determination of
the cost of reducing the overall chance fluctuation by
modifying the chance variations of the various piece-
parts, and so help to ensure an economic control of
quality of manufacture. The importance of this
control is apparent when it is recalled that over 200
piece-parts are required to make a telephone and
over 110,000 other parts thay be involved in its
connection to another telephone. The annual pro-
duction of most of these piece-parts runs into the
millions, so that the total annual production of parts
runs into the billions.

APPENDIX.

Consider the problem of the occurrence of an
event in n trials. Let p, be the probability of the
happening of the event in one trial. Then the
probability that the event will happen in each of
the first r trials and fail in each of the remaining
(n—r) trials is p;(1—p,)*~". But the number of
ways in which the event may happen exactly r times
in n trials is equal to C». Hence the probability p,
that the event will happen exactly r times in n
trials is—

:n(n*l)(n 2) (n r+1) o ( m)n_,

N6

If n gets very large, then, ( 14 %1 ) - —em

"B.S.T.J., Vol. XX, Jan., 1941, pp. 1-Gl.

FOND (7

e ™m’ 1+2+3+4+ =1 )
=7 = +.. I
e ™m’ r(r—1) )
= 1— LR
r! { 2n + f
Since n is large compared to r, then
ml’
Pe= €0 7 e (A)

which had to be proved.

It will be noted that equation (1) is the rth term
in the expansion of (q+p)* where q=1—p.

Thus if p denotes the probability of the happening
of a certain event in one trial and q is the probability
of its failure in one trial, then p4+q=1, and the
probabilities of 0, 1, 2, 3, . n, occurrences of the
event in n trials, are given by the successive terms
of the point binomial (q—+p)

Although the calculations involved in the applica-
tion of the point binomial when n is large are not
difficult they may take a considerable time to com-
plete. In this connection it is interesting to note the
several close approximations to the binomial law
when n is large.

(x —m)?
o «\/2779 27 Y1
where v, is the normal probability equation discussed
in the first article.

(2)....If p=q=1%, then (q+p)*~ y, if n > 10.
{3)....If ps~q, but neither is very small, then
(q+p)" — y, if n > 1,000.
(4) When p or q is very small. Replace q by 1—p
in the expansion and obtain
p )“
—P

(@tpr= (1 —ppr = (1= (14 5

Suppose now that n — o as p — 0 in such a way
that the product np remains constant, say
m
n=—

p

P (1+1—p)%

~(1—p)r(1+p)5

(1)....Ifn — w, then (q + p)*—

np=m .,

and (q+p)*=(1 —

Thus
R m? m? m*
(@+p)r— e 14m+ g+ 50+ - -+g+...)
where the successive terms give the frequency of

occurrence of 0,1, 2, 3, . . ., r, events on the basis of
each event not being prejudiced by what has
previously occurred.
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Notes and Comments

Roll of Honour

The Board of Editors deeply regrets to have to record the deaths of the following members of the Engineering

Department :—

While serving with the Avmed Forces, including Home Guard.

Engineering Department ..
Belfast Telephone Area
Belfast Telephone Area

Birmingham Telephone Area
Cambridge Telephone Area

Canterbury Telephone Area
Edinburgh Telephone Area
Edinburgh Telephone Area
Glasgow Telephone Area ..

London Telecommunications
Region.

London Telecommunications
Region.

London Telecommunications
Region.

Nottingham Telephone Area

Plymouth Telephone Area
Sheffield Telephone Area ..
Shrewsbury Telephone Area
Stoke-on-Trent
Area.

Tunbridge Wells Telephone
Area.

Telephone

Recent Awards

Dowse, V. C.
Gillespie, W. J.
Neill, J.

Osborne, L.
Dalton, P. G.

Walker, W.
Leslie, A. ..
Rennie, H.
Young, J...
Couper, A. E.
Dearn, A. S. A.
Lee, S.
Martin, R. H.
Adams, L...
Jacques, W. J.
Lloyd, A. E.
Holdcroft, J.
Noon, T. ..

Skilled Workman, Class II
Unestablished Skilled Workman
Skilled Workman, Class IT

Skilled Workman, Class 11
Unestablished Skilled Workman

Labourer

Unestablished Skilled Workman
Unestablished Skilled Workman
Labourer

Unestablished Skilled Workman
Unestablished Skilled Workman
Skilled Workman, Class 1T
Labourer. .

Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman
Unestablished Skilled Workman

Ordinary Seaman, Royval
Navy.

Fusilier, Royal Irish
Fusiliers.

Chief Petty Officer, Royal
Navy.

Able Seaman, Royal Navy.

Private,  Northampton-
shire Regiment.

Signalman, Royal Corps of
Signals.

Signalman, Royal Corps of
Signals.

Private, Royal Scots
Regiment.

Private, Highland Light
Infantry.

Sergeant Pilot, Royal Air
Force.

Leading Signalman, Royal
Navy.

Signalman, Royal Corps of
Signals.

Signalman, Royal Corps
of Signals.

Able Seaman, Royal Navy.

Able Seaman, Royal Navy.

Lance - Corporal, Royal
Corps of Engineers.

Sapper, Royal Engineers.

Private, East Yorkshire
Regiment.

The Board of Editors has learnt with great pleasure of the honours recently conferred on the following
members of the Engineering Department :—

While serving with the Armed Forces, including Home Guard.

Test Section, Birmingham Hartland, L.

Test Section, Birmingham Peacock, F. J. Unestablished
Skilled Workman

Youth-in-Training Home Guard

Home Guard

While serving with the Civil Defence Forces or on Post Office Duty.

Engineering
Liverpool.

Engineering Department,
Liverpool.

Engineering Department,
Liverpool.

Engineering Department,
Liverpool.

Engineering Department,
Liverpool.

Department,

Payne, F. ..
Ashcroft, R. E.
Ashworth, C.
Smerden, J. F.
Thirlwall, J. G.

Mechanic-in-Charge, Grade II..
Motor Mechanic. .
Motor Mechanic. .
Motor Mechanic. .

Motor Mechanic. .

Commended by H.M. the
King.

Commended by H.M. the
King.

British Empire Medal.

Commended by H.M. the
King.

Commended by H.M. the
King.

Commended by H.M. the
King.

Commended by H.M. the
King.
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While serving with the Civil Defence Forces or on Post Office Duty (continued).

London Telecommunications Worthy, L. F.

Area Engineer

Member of the Order of

Region. the British Empire.

London Telecommunications Baker, R. W. Skilled Workman, Class I British Empire Medal.
Region.

London Telecommunications Higgins, J. H. Unestablished Skilled Workman British Empire Medal.
Region.

London Telecommunications Horton, H. W. Tradesman (Plumber) .. British Empire Medal.
Region.

London Telecommunications Jackson, A. Skilled Workman, Class I British Empire Medal.
Region.

London Telecommunications Rouse, S. T. Skilled Workman, Class II British Empire Medal.
Region. . :

London Telecommunications Raines, L. A. Skilled Workman, Class II British Empire Medal.
Region.

London Telecommunications Tandy, A. B. Skilled Workman, Class I British Empire Medal.
Region.

London Telecommunications Blaney, S. J. Unestablished Skilled Workman Commended by H.M. the
Region. King.

London Telecommunications Cayzer, L. L. Skilled Workman, Class II Commended by H.M. the
Region. King.

London Telecommunications Morrison, M. M. .. Unestablished Skilled Workman Commended by H.M. the
Region. King.

London Telecommunications Potts, E. T. Skilled Workman, Class II. Commended by H.M. the
Region. King.

Newcastle Telephone Area  Bell, H.

Birthday Honours

Skilled Workman, Class 1

British Empire Medal.

We regret that the following officer was inadvertently omitted from the list published in the July issue of
Engineering Staff honoured by H.M. the King in the Birthday Honours List :—

Southampton Telephone Jennings, L. T.

Area.

Inspector

Medal of the Order of the
British Empire.

A Method of Opening Steel Pipes

Reference was made in the April and July, 1937,
issues of the Journal, to the use of the *‘ Skilsaw ”
portable electric tool for stripping steel pipes from
working telephone cables during the re-construction
of Waterloo Bridge. This machine has been frequently
used in recent months for cutting back steel pipes to
reach sound cable and the work of slitting and opening
the pipes has been considerably facilitated by the
introduction of a carrier for positioning the tool on
the pipe and of tools for opening the pipe after the
slit has been made. The carrier and opening tools
have been developed in the City area of the L.T.R.

The carrier, when in use, replaces the soleplate
supplied with the machine, and consists, briefly,
of a rectangular-shaped frame at each corner of
which a wheel is fitted so that the frame may travel
along the pipe to be cut. The body of the *“ Skilsaw "’
is attached to the carrier by bolts through slotted
brackets at the front and rear of the carrier. The
bracket at the front is mounted on a hinged vertical

member and adjustment for height is provided by a
screw adjustment. The bracket at the rear is merely
pivoted at the frame. The screw feed operated by
the hand wheel serves to lower the abrasive disc
gradually at the commencement of a cut until the
steel pipe has been penetrated, and to take up the
wear of the disc as the cut is continued. The disc
is arranged to rotate in a vertical plane, perpendicular
to the base frame of the carrier.

The new pipe opening tools consist of (a) a tongue
on a nut which when rotated widens the slit cut by
the Skilsaw disc to about £in.; (b) the pipe opening
claws which are inserted in the 1n. slit left by (a),
and may be separated to about 5%in., and (c) an
operating key which fits bolt heads on (a) and (b).
Thus the section of pipe which has had the slit
widened in this manner can be rotated and lifted
clear of the cable.

A fuller description and photographs of the devices
will be given in a later issue.
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Regional Notes

Home Counties Region

INTERFERENCE ON P.O. WIRES FROM
EH.T. NETWORK

On May 16th, 1941, an unusual fault developed on a
power supply line near Hastings, which led to inductive
disturbances on a large number of P.O. lines.

The first indication was the receipt of fault dockets
reporting junction circuits noisy. Inductive disturbance
was recognised, and insulation resistance, insulation
resistance out of balance, conductor resistance, con-
ductor resistance out of balance tests made. The
junctions were well above the standards laid down.
The disturbance, which took the form of a powerful
hum of 50 c¢/s, was so pronounced at times that junction
working from Beckley, Brede and Northiam exchanges
was impossible. Other exchanges were affected, but
the noise level never reached proportions to make the
junctions unworkable. Communication with the local
Supply Authority was soon established and they were
asked to check over the conditions of their supplies
as our lines were being affected. Within a short time
they reported that all their 11 kV lines were well inside
the permissible leakage limits, but that they had
observed at all their transformers a very appreciable
hum on the transformer assemblies. Further details
were exchanged, and the local Supply Authority formed
the opinion that the fault existed on a C.E.B.132 kV
line between Littlebrpok and Hastings, and was being
fed into their system. This opinion was based on :(—

(1) The absence of leakage currents on their 11 kV
lines.

(2) All their transformer assemblies were humming ;
and

(3) The general parallelism between the C.E.B. line
and the affected P.O. lines.

These preliminary investigations had occupied the
major portion of Friday the 16th. On the morning of
Saturday the 17th, further co-operation was arranged.
A “hook-up” circuit was devised whereby listening
on one of the affected lines was possible at the power
station. By elimination tests, the 132 kV lines between
Littlebrook-Hastings, Folkestone-Hastings, Eastbourne
and Hastings, as well as the common lines between
the C.E.B. station and the local power station were
proved to be clear and not causing the interference.
The local authority’s 11 kV lines could not be tested
at that time, as it would have affected trolleybus
services, hospitals, cinemas, etc., and it was arranged
that the tests should be resumed at midnight. On
resumption, all 11 kV feeders were isolated one at a
time while listening tests were carried out. Where
“ring ” circuits were involved the section of the ring
was isolated at both ends.

The fault was proved to exist on a 11 kV spur from
Rye transformer station towards Camber, and at
daylight on Sunday, 18th, an examination of the spur
was carried out, when the fault was finally located to a
throw-over switch at Camber. The switch, which had
been changed over some weeks previously, had been
closed in such a manner that the knife blade was sprung
on to the outside of the copper spring contacts. This
small high resistance contact had caused minor arcing
which grew larger as time went on, due to oxidisation
and pitting. The arc apparently caused a complex
wave form which set up interference in nearby con-
ductors: when the switch was restored to normal
the interference ceased.

It was noticed that the periods of maximum inter-
ference coincided with maximum loads.

It is interesting to note that the three exchanges
principally affected are double-battery exchanges,
whereas Peasmarsh, Iden and Icklesham, which,
although nearer the actual fault, were not affected,
are trickle-charged single-battery exchanges. The lines
connecting the affected exchanges have, however, a
much greater degree of parallelism with the 11 kV
network.

F.AE.]J.

LAYING 3-IN. S.A. DUCT WITH A MECHANICAL
EXCAVATOR

The route taken followed the verge for most of the
way, with one section in unmade road and another in
tar macadam. For almost the whole of the distance
of 1,470 yards the digging was in chalk with an earth
covering varying from practically nothing to twelve
inches. Although the normal approach to the buildings
to be served was via a tarmac road, the route along
the unmade road was taken, as this was more suitable
for the employment of the excavator and was, for most
of the way, free from other services.

Most of the trench was excavated by a mechanical
excavator of the endless chain and bucket type built
by Allens of Oxford, but in tarmac sections, and in
front of dwellings where other services existed totalling
approximately 330 yards, hand excavation was em-
ployed. The ducts were laid at carriageway depth
throughout.

On the first day and part of the second day it rained
continuously. During this time the staff were employed
in excavating a road crossing by ordinary excavating
tools. At the same time a line was sighted with trenching
pins for the excavator to follow.

The excavator excavated approximately 40 yards
of trench without mishap in a few minutes and was then
stopped by a piece of metal being caught up in the
chain which damaged two links. This put the excavator
out of action until late in the morning of the following
day.

%It was found that the operator was not experienced
in keeping a straight line and to overcome this difficulty
a line between two pins was made and this followed
by a pointer fitted on the excavator.

The chain on this excavator is carried over the end
of a boom, and the hydraulic control for keeping this
in a fixed position to ensure a regular depth of trench
was found to be functioning incorrectly, and in conse-
quence the bottom of the trench was uneven. The
levelling up, however, was comparatively simple, as
the depth obtained was slightly greater than necessary,
the high spots were shovelled off and fine soil added
to the hollows for final adjustment. The delay caused
by stopping to level the trench prevented the duct
laying keeping pace with the excavator and the machine
was, therefore, often idle. The machine passed the
soil in a long mound some two feet clear of the trench,
and as it was in a finely divided state, it was easy to
handle for return to the trench after duct-laying.

The machine was found to be capable of excavating
100 yards of trench per hour under favourable con-
ditions. Difficulty arises in excavating clay as it sticke
to the buckets and, in consequence, it is frequently
necessary to stop the machine to empty the buckets
with a spade.

The necessity for the hand digging prevented the
early closing in of the trench after duct-laying with
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the force available, and, therefore, a complete picture
of the capabilities of the combination of machine and
men cannot be given. .

This work was completed at a very reasonable cost.
Had the work been placed out to tender, the prices
submitted would undoubtedly have been high on
account of the presence of hard chalk soil. The laying
of the 1,470 yards of ducts and filling in was completed
in twelve working days in a total of 79 working hours.

F.G.K.

North Eastern Region
JOINTING ASBESTOS CEMENT DUCTS

A field trial of a new type of collar and ring for cement
asbestos ducts has recently been carried out in the
Leeds Telephone Area under supervision of officers
from the Engineer-in-Chief’s Construction and Research
Branches.

The collars are constructed of asbestos cement, 7} ins.
in length and 4 ins. internal bore, with a 30° straight
internally chamfered end. The rubber rings are 23 ins.
internal diameter and thickness § in. The larger ring
tends to make jointing operations more difficult and
has a tendency to move the last collar backwards,

but this can be overcome by holding a fencing pin
behind the collar. To avoid disturbance of the collar
on the forward end of the leading duct, the pressure
was applied to a jig placed inside the collar. Under
wet conditions it was found that jointing could be
carried out almost as rapidly and equally satisfactorily
as when all components were dry.

On completion of the jointing a combined pressure
and smoke test was applied to the completed section,
both before and after filling in, and the results were
quite satisfactory. Couplings C.I. No. 18 were used
throughout, and when such couplings are employed it is
suggested that a 2ft. 6 in.length of asbestos cement duct
of the same internal diameter as the collar be employed
for terminating and an ordinary collar be used for
leading out. A small quantity of packing will be
required between the outer side of the asbestos cement
and the sockets of the couplings.

The conclusion arrived at was that the new type of
jointing was highly satisfactory and it would appear
to the writer that provided the necessary care in bedding,
filling, and ramming is exercised, the problem of con-
structing a watertight duct track has been solved.

G.W.B.

The Institution of Post Office Electrical Engineers

ESSAY COMPETITION, 1941

The Council offers five prizes of Two Guineas each
for the five most meritorious Essays submitted by
members of the Engineering Department of the Post
Office below the ranks of Inspector and Draughtsmran
Class 11, and, in addition, to award a limited number of
Certificates of Merit.

A prize-winner in any previous competition is not
eligible to enter, but this restriction does not apply to
a competitor who has been awarded a certificate only.

An essay submitted for consideration of an award
in the Essay Competition and also submitted in con-
nection with the Junior Section I.LP.O.E.E. prizes,
will not be eligible to receive both awards.

In judging the merits of an essay, consideration will
be given to clearness of expression, correct use of words,
neatness and arrangement, and although technical
accuracy is essential, a high technical standard is not
absolutely necessary to qualify for an award. The
Council hopes this assurance will encourage a larger
number of entries. Marks will be awarded for originality
of essays submitted.

Competitors may choose any subject relevant to
current telegraph or telephone practice.

The Essay must be written on foolscap paper, and
must not exceed 5,000 words. A quarter margin to
be left on each page. A certificate is required to be
furnished by each competitor, at the end of the essay,
in the following terms :—

“In forwarding the fovegoing essay of........
words, I cevtify that the work 1s my own unarded
effort both as rvegards composition and drawing.”
Address Signature
Date Rank
The Essays must reach The Secretary, The Institution
of Post Office Electrical Engineers, G.P.O. (Alder House),
London, E.C.1, by the 31st December, 1941.
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The Council reserves the right to refrain from awarding
the full number of prizes, or certificates if, in its opinion,
the essays submitted do not attain a sufficiently high
standard.

The result of the previous competition is given below.

ESSAY COMPETITION, 1939-40, RESULTS
The Judges have reported to the Council that the

Prize Winners, arranged 1n order of merit, are :—

G. J. Meprorp, S.W.II., Altrincham, “ A few facts
about the Cause of Faults, by a Subscribers’
Maintenance Man.”

A. Irwin, SSW.II., Barrow-in-Furness, ‘“ The Cathode-
ray Tube—its Development and Uses.”

C. A. Gray, USW, Repeater Station, Edinburgh,
“The S.T. & C. Carrier System No. 5.”

F. H. SaxBy, A/SW.I, Leicester, *“ The Organisation
of Automatic Exchange Maintenance.”

R. W. D. Grover, A/SW.I., Archway Exchange,
London, ‘‘ Mamtenance Direction in Automatic
Exchanges.”

Certificates of Merit have been awarded to the following
five competitors :—

W. WorsroLp, S.W.1., Guildford, ‘“ Youths and their
Training.”

R. A. Superr, A/S’W.I, Whitstable, ‘“ The need of
Specialist Supervision of Automatic Maintenance.”

A. F. Seort, S.W.I., Waterlooville, Hants., *“ Under-
ground Maintenanc: Control, Organisation and
Procedure at Portsmouth.”

A. E. Prass, SW.1,, Tunbridge Wells, ‘“ Telegraphy.”

P. A. NewTtoN, A/S.W.1., Southsea, *“ Portsmouth Main-
tenance Procedure, Overhead Renewals and D.P.
Inspection.”

Fifty-three entries were received.



Staff Changes

Promotions
Name Region Date Name Region Date
From Avea Engr. to Avea Engr with Allce. From Insh. to Chiet Insd —continued.
Powell, H. W. . N.W. Reg. 1.6.41 kreshwater, G. E. .. Mid. Reg. .. 20.6.41
Fyom Asst. Engr. to Avea Engy. Thomas, G. E. -« W. & B.C. Reg. .. .. 20.6.41
White, J. A. .. . T.C. Reg. . 6.6.41 Beniston, S. . N W. Reg. to Scot. Reg. .. 28.5 41
Clark, H. V. .. .. E-in-C.O.. . 6.6.41 King, E. F_H. .. E-n-CO. < 18541
Vann, C. J. .. .. S.W. Reg. tO H. C Rec. . 24.7.41 Gillard, C. H. . Ean-CO. to S. VV Rec .. 22.5.41
Roberts, J. H. - H.C.Reg. toScot. Reg. ..  13.7.41 Green, L. = .. .. E-in-C.O. 1.5.41
Pearson, 5. G. . N.W. Reg. 13.8 41 horpe, H. V. .. HC. Reg. to Scot. Reg 29 6.41
Davison, G. N. . E-in-C.O. 13 8 41 Crump, S. G. - H.C Reg . 13.7.41
From Chief Insp. to Asst. Engy Gartath, A. J. A ) H C. Reg. . 1.7.41
: . - . Baker, E. C. .. .. E-in-CO. .. 111.39
Treglown, P. G. . S.W. Reg. K .- 5 6.4 Broadhurst, J. H. .. E.-in-C O. to Scot. Reg .. 22 6.41
Smith, R. .. N.E. Reg. to Mid. Reg. .. 17.8 41 Bucklitsch, E. K. F. .. $ W. Reg. . 2.3.41
Tunnicliff, T. .. Mid. Reg. .. .. 22 6 41 May, R. H. .. . EanCoO. to NW. Reg... 20.7.41
V\’oodley, E. T. M. . SW. Reg - 20 6 41 Pemberton W. J .. E -in-C.O. .. 1.6.41
Johnson, L. P. .. H.C. Reg. to L T.R. 22.6.41 Walker, R. C W. . E -n-C.O. to N.W. Reo- .. 21.7.41
Hardy, J. .. Mid. Reg. .. .. 6641 Dolman, R. A. .. Mid. Reg. . .. 20.7 41
Queen, J. .. -+ E.-in-C.O. 28 5.41 Hall, G W. .. .. NE.Reg toS.W. Reg. 20.6.41
Ellenden, A. H. . HC. Reg. .. To be fixed later Connelly, A. E. .. N.TIre. Reg. 17.3.41
Allan, F. W. N.E. Reg. To be fixed later Baker, W, T. .. H.C. Reg 20.7 41
Mlddledltch E. G. H. E-in-C.O. 2841 Cleary, C. L. .. .. N.W. Reg. 15741
Hunt, A. H. F. .. E.-in-C.O. 2841 Bowers, R. . .. Mid. Reg. .. 7.8.41
Barratt, L. W. .. S.W. Reg. 2.8.41 Crighton, R D. . Scot. Reg .. .. .. 71239
Pooley, E. H. . H C. Reg. .. To be fixed later (,la,rk P. R. T. . Test Sectn., B'ham, to
Mitchell, C. W. A. .. E-in-C.O. : 2841 Test Sectn., Ldn. ~ ..  20.6.41
Frow Chief Insp. to Chief Insp. with Allce Worthing ton, A.G. E -in-C O. 29.6.41
Nixon, G. K . Mid. Reg. .. 10.9.39 Elhlis, W. .. N.E. Reg. To be fixed later
Cross, W. H. .. .. N.W. Reg. 8.6.41 Bulfin, A. .. .. N.E Reg .. To be fixed later
Gnerson, A. .. . N.E. Reg. 15.6.41 Tipple, ] W... .. W. & BC. Reg. to
Chadwick. J. .. N.W. Reg 21.7.41 N.W. Reg. To be fixed later
Jones, C. J. .. N.E. Reg 20 7.41 Thompson, J. E. . N E. Reg to Mid. Reg.
Delahunty, T. P. J. .. L.P. Reg 1.8 41 To be fixed later
From Insp. to Chief Insb Mockridge, W. C. . S.W. Reg. 2.3.41
. Foulsham, R. .. HC. Reo' to Mid. Reu 20.7.41
Hewer, A. G. . LTR. 20.7.41 B t 1.V W R
Bale, W. F. .. LTR. 1541 enmett, H. V. N R o Thurso
Stmpson, W. F. LT.R. 30 3 41 RStn. .. . 3.1.41
Masters, F. R. L.T.R. 1.5.41 From Dvaughtsman Class II to Dmughtsman Class 1.
Hart, S. LT.R 7. 5.41 Dillaway, E G. . LTR. 29.8 41
g‘;ﬂ_zfgg 11\111’}1 RReU ;O 2 i} From Repr. Officer Class 11 to Insp.
Utting, ‘A.P. E.-in-C O 925.5.41 Carter, G. W. . HC. Reg. to Barnet R S.S. 22.5.41
Lees, W. .. Scot. Reg 20 4 41 From Draughtsman (Unest.) to Insp.
Morris, H. M. N.E. Reg 564l Perry, E. T. .. . E.-an-C.O. 1.8.41
Harvey, H. C. . N.E. Reg. 15.6.41 ; ’
Greasley, E. G. . Test Sectn., Ldn. 15.12.40 Erom S W1 to Insh.
Patterson, R. . N. Ire. Reg 18 10.40 Smith, E. . M. . E.-in-C.O. 36.41
Moore, H. J. .. .. LT.R. 1541 Duff, J.T. .. . E.-in-C.O. 8.6 41
Harris, G. .. .. LT.R. 18.5.41 Turbin, C. A. R. . E.-mn-C.O. 8.6.41
Williamson, F. J. .. LT.R. 30441 Muchie, P. G. . E.-in-C.O. 19.5.41
Eagar, H. E. J. .. LTR. 30 4.41 Perkins, W T. . E.-in-C.O. 15.6.41
Lawson, G. W. G. . LTR. 19 6.41 Bamford, A. .. .. Mid. Reg. to E.-in- C 0. 10.3.41
Bell, D. . LTR. 1.7.41 Higson, W. .. .. Mid. Reg to E.-in-C O. .. 10.3 41
Bremner, W. .. . Scot. Reg 25.1.40 1ankard, A. H. . NNW.Reg. toE.-in-CO .. 21.4.41
Cooper, H. .. . Mid. Reg. . 16.12.37 Noble, W. A. .. Scot. Reg. to E.-in-C.O. .. 22.5.41
McBurnie, R. S. . N.wW. Reg 30.4.41 Harrison, A. .. . N.W. Reg. to E.-in-C.O. .. 26.5.41
Rumary, F. J. . S W. Reg. 5.6 41 Utting, H. .. E-in-C.O. - .. 25.5.41
Stevens, E. C. C. E.-in-C.O. to N. E Reg 11.5 41 Teale, J. .. .. N.E. Reg to E.-in-CO .. 22.6.41
Salt, J. R. .. . Scot. Reg.. . 28.5.41 Hardman, E. .. NW. Reg.to E.-in-C.O... 25.5.41
Handy, T. A. . Mid. Reg. . 28 5.41 Harpley, C. .. N.W. Reg.to E.-in-C.O... 15.6.41
Manners, W. .. . W. & B.C. Reg. 29.6.41 Slater, T. A. .. .. NE. Reg. to E.-in-C.O... 22 6 41
Granger, S. B. . E.-in-C.O. 16.6.41 Horsfield, B. R. . NE. Reg. to E.-in-C.O... 1.6.41
Mason, A. . N.W. Reg. To be fixed later Proudlock, J. W. .. E.-in-C.O. .. . 7.7.41
Martin, H. R. . Mid. Reg. .. 1.6.41 Beale, H. J. P. .. E.-in-C.O. 18.7.41
Stansfield, G. V. . N.W. Reg. 4.5.41 Rogers, F. E. . E-n C.O. 15.6.41
Transfers
Name Region Date Name Region Date
Area Engr. Insh.
. Potts, C. M. . .. E.-in-C O. to N.E. Reg... 2.8.41
Jones, R. E. E.in-C.0. to L.L.R. 1841 | Evans, F.C.M.N. .. E-n-CO to LTR. .. 1184l
Giles, F. R. . HC. Reg. to E -in-C.O. .. 6.7.41
dsst. Engy. Draughtsman Class II
Sharpe, H. T. A. E.-in-C.O. to L. T.R. 3.6 41 Hodges, R. R. . LT.R. to SSW. Reg. 5.8.41
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Retirements

Name Region Date | Name Region Date
Avrea Engr. Chief Insp. with Allce.—continued
Rhodes, T. C. . H.C. Reg. .. 3.6.41 Scott, F. . N.E. Reg. 19.7.41
Gawthorne, G. J. . LTR. 31.7.41

Chief Insp.
Chief Insp. with Allce. Kennard, T. G. . LT.R. 19.7.41
Manton, C. . LPR. 30.6.41 Sullivan, W. A. .. LTR. 18.6.41
Heaton, A. . N.W. Reg. 20.7.41 Shaw, J. W. .. . L.T.R. 30.6.41
Resignations

Name Region Date
Asst. Chemist.
Povey, N. G. W. . Test Sectn. (Ldn.) 3.5.41

CLERICAL GRADES
Promotions

Name Region Date ! Name Region Date
From E.O. to S.0. From C.0. to H.C.O.
French, F. S. E.-in-C.O 27.5.41 Basham, H H.C. Re

1 1 L H. L. .. H.C. Reg. .. 19.4.41
Scrivener, W. H. E.-in-C.0 27.8.41 Bevan, T. F. .. . H.C. Reg. .. 8.6.41
From C.0. to E.O. Renton, J. .. Scot. Reg... 1.6.41
Duncan, W. B. . E.-in-C.O. 5.6.41 Whyte, T. H. . Scot. Reg... 7.6.41

(Notionally in absentia) .

Harmon, Miss D. M. .. E.in-C.O. 12.641 | 1alon G AL .. ST e 13.7.41
Turnney, H. E. .. E.-in-C.O. 12.6.41 raighead, J. H. - N.B. Reg. .. 1.6.41
Wilby, Miss M. .. E-in-C.O. 12.6.41 Wyatt, D. C. - N.E. Reg. .. 1.7.41
Burrows, W. H. . E.-in-C.O. 27.8.41 Woodhead, C. O. . N.W. Reg... 1.8.41

Note : All promotions during the war are on an “ Acting ™ basis.
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