This document was generated by me, Colin Hinson, from a document held at R.A.F. Henlow
Signals Museum and is believed to be out of copyright or Crown Copyright . It is presented
here (for free) under the Open Government Licence (0.G.L.) if under Crown Copyright and this
version of the document is my copyright (along with the Crown Copyright) in much the same
way as a photograph would be. If you believe the document to be under copyright, please
contact me.

The document should have been downloaded from my website https://blunham.com/Radar,
if you downloaded it from elsewhere, please let me know (particularly if you were charged for
it). You can contact me via my Genuki email page:

https://www.genuki.org.uk/big/eng/YKS/various?recipient=colin

You may not copy the file for onward transmission of the data nor attempt to make
monetary gain by the use of these files. If you want someone else to have a copy of the file,
point them at the website. It should be noted that most of the pages are identifiable as
having been processed my me.

| put a lot of time into producing these files which is why you are met with the above when
you open the file.

In order to generate this file, | need to:

1. Scan the pages (Epson 15000 A3 scanner)
2. Split the photographs out from the text only pages

w

Run my own software to split double pages and remove any edge marks such as punch
holes

Run my own software to clean up the pages

Run my own software to set the pages to a given size and align the text correctly.

Run Omnipage (Ultimate) on all the pages to OCR them.

Generate a searchable Acrobat pdf file.

N o u s

Hopefully after all that, | end up with a presentable file, though | can’t guarantee there aren’t
errors in the OCR. If you find missing pages, pages in the wrong order, anything else wrong
with the file or simply want to make a comment, please drop me a line (see above).

It is my hope that you find the file of use to you personally — | know that | would have liked to
have found some of these files years ago — they would have saved me a lot of time !

Colin Hinson
In the village of Blunham, Bedfordshire.















PRESSURE ol

MEASOREMENT E2
1
SOUND 0
1/ PRESSURE,
P, == RECEIVER
~ Pz UNDER
1 TEST
3cc. CAVITY
ARTIEFICIAL
VOICE
CALIERATED 2 RESISTANCE TUBES
I MICROPHONE </ INTERNAL DIAMETER
(SENSITIVITY S) 15° lBEIlGTH PULLED
GRADED WOOL
v i N DISTANT END
£ PROBE MICROPHONE
(SENSITIVITY S)
' VNicROPHONE
FLEQCONSTANT  t  UNDERTEST <,

(a) ®)
{2) Microphone Sensitivity Measurement, S; = E,/P,.
{b) Receiver Sensitivity Measurement, S; = Py/E,.

Fi1G. 2.—SiMPLE UsEs OF PROBE MICROPHONE.

supply voltage being electrically controlled so that the
sound pressure (P;) across some specified plane in front of
the loudspeaker is approximately constant over the required
frequency range. The magnitude of the voltage required to
drive the loudspeaker to give this constant pressure is
initially determined by measuring the sound pressure with a

probe microphone, using the relationship expressed in the

previous section. The transmitter under test is placed with
its diaphragm, or some other datum, in the specified plane
and the open circuit e.m.f. generated (say E,) is then
measured as a function of frequency. Then at any frequency
the sensitivity of the transmitter may be expressed as
S; = E,|P,, where P, is the constant sound pressure.

Owing to the diffraction of the sound field by an obstacle,
a change of sound pressure will take place if a large micro-
phone is used for the pressure measurement,? and it is for
this reason that the first limitation of size is imposed on the
probe microphone design. ’

To show the reason for the second limitation, a method of
testing telephone receivers may be considered. Fig. 2 (b)
illustrates the test. The receiver is loaded with an artificial
ear? which is simply a combination of acoustical elements
designed to present to the receiver an acoustical impedance
similar to that of the real ear over a specified audio fre-
quency range® It consists of a cavity of approximately
3 cc volume with two tubes of $ in. internal diameter
leading from it. The tubes have wool pulled into the ends
remote from the cavity and graded in length so that sounds
produced in the cavity are not reflected from the distant
ends. The tip of a probe microphone is inserted into the
base of the cavity. A measured sinusoidal voltage (E,) is
supplied to the telephone receiver and the corresponding
sound pressure (P,) which is set up in the cavity is measured
with the probe microphone. Then the sensitivity of the
receiver will be, S, = P,/E, dynes/sq.cm./volt, which again is
measured at several frequencies.

Without entering into any precise definition of acoustical
impedance, the approximate calculated magnitudes of the
impedances involved may now be considered, again using
an electrical analogy. The 3-cc cavity corresponds to a
capacitive reactance of the order of 80 acoustical ohms at
1,000 c/s, i.e. about 800 acoustical ohms at 100 ¢/s. The two
tubes in parallel with the cavity broadly correspond to a
pure resistance of about 120 acoustical ohms. The magni-
tude of the impedance of the parallel combination at 100 c/s
is about 120 acoustical ohms, so that the impedance looking

3 ““ Acoustical Engineering,” W. West.

¢ Post Office Research Report No. 12,357. “The Design of an
Artificial Ear and Probe Microphone for Factory Testing.”

§ “Measurements of the Acoustical Impedances of Human Ears.”
W. West, P.O.E.E.]., Vol. 21, p. 293.
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into the probe microphone must be high compared with this
value for satisfactory pressuré measurements down to
100 ¢/s. A probe of even 4 in. internal diameter may offer
only 2,000 acoustical ohms impedance, so that for negligible
shunting loss the internal diameter should be less than this.

Description of Experimental Microphone. .

The experimental probe microphone design is influenced
by a variety of considerations, including those of size already
discussed, but is broadly based on that of the laboratory
model of Fig. 1. The microphone element is a moving-coil
unit which was chosen because, although such units are of
delicate construction, it is found in practice that they are
relatively robust and able to withstand a fair amount of
mechanical shock. To avoid magnetic effects between the
moving coil unit and other transducers, e.g. the receiver
under test on an artificial ear, the unit is fitted in a heavy
mild steel case and a probe about 5 in. long is used. The
heavy case also safeguards the unit from unwanted signals
which might be transmitted via a light case. The probe is
of stainless steel and has an internal diameter of about
0-030 in. (external diameter 0-050 in.); it is likely, therefore,
that it will have a characteristic impedance greater than
10,000 acoustical ohms and the obstacle effect will be negli-
gible in the working frequency range. A rigid brass pro-
tective cover is provided to safeguard the probe.

The brass coupler which forms the termination between
the probe and the microphone unit is the most interesting
part of the construction, because the size and shape of the
cavity which it forms above the microphone diaphragm are
the only variables which may be controlled if a standard
microphone and constant bore tube are accepted. The
variation of these parameters and their effect on the
sensitivity of the microphone were the subject of the
development experiments. Tests with the laboratory probe
had indicated that a clearance of about 0-020 in. between
the microphone diaphragm and the cover might prove to
give the most satisfactory sensitivity/frequency character-
istic. With this in mind the shape of the coupler was made
as in Fig. 3 (), so that the radius of the coupler profile was
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0-020 in. greater than that of the microphone diaphragm:.
The outer rim or “washer’” portion was, however, initially
made 0-030 in. deep so that it could be turned down as
required and the effect of variation of depth could be
investigated.

Design Objectives.

Fig. 4 shows the sensitivity/frequency characteristic of
the laboratory probe microphone, illustrated in Fig. 1. For
the unequalised condition of the microphone the character-
istic with its succession of peaks and troughs {due to stand-
ing waves in the tube) resembles that of the voltage/
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frequency characteristic at the distant end of an incorrectly
terminated transmission line. When a small amount of
lambs’ wool is introduced into each end of the tube, the
characteristic is smoothed as shown, but is seen to cut-off
rapidly at about 4,000 c/s. For many purposes this fre-
quency range was not sufficiently wide and it was thought
that the objective should be to attempt to produce a micro-
phone with a smooth sensitivity/frequency characteristic up
to at least 8,000 c/s and to maintain the sensitivity in the
range 80-8,000 c/s, so that it was not allowed to fall more
than 6 db. below the mean sensitivity in the range 80-
1,000 c/s.

Experimental Work. .

The tests made during the development of the probe
microphone were in three stages and consisted of measure-
ments of the sensitivity/frequency characteristic of the
probe microphone made after the variation of one or more
coupler dimensions. The method of making these calibra-
tions using a Rayleigh Disk and standing wave tube® is
not discussed here and only a few of the many characteristics
taken are recorded to show the general trend of results.
Additional acoustic damping, such as by lambs’ wool, was
not introduced into the probe tube in any of the examples
illustrated, other than the one curve in Fig. 4.

Stage I. Fig. 5 shows the variation of microphone
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sensitivity with edge clearance between the diaphragm and
the 0-639 in. radius cover. As the clearance is reduced from
0-030 in. to 0-010 in., the sensitivity increases at the higher
frequencies, particularly in the 5,000 c/s region. For clear-
ances less than 0-010 in., the sensitivity is seriously reduced
by an almost constant amount at all frequencies. The cavity
shape with the edge clearance of 0-010 in. was as shown in
Fig. 3 (b). It will be noticed that the diaphragm clearance
for optimum sensitivity was less than the expected value
of 0-020 in. The axial clearance, i.e. the clearance above the
centre of the diaphragm, was 0-005 in. and the cavity was of
a divergent meniscus form. It was thought that a higher

sensitivity would be obtaiped if the axial clearance was
greater than or equal to the edge clearance. With this in
mind a coupler was made with a radius equal to that of the
microphone diaphragm (0-619 in.) for stage II tests.

Stage II. The optimum clearance for the new coupler
was found by applying the information gained from the
previous test that the low-frequency sensitivity remained
constant until the optimum was reached. Measurements at
a few low frequencies were made to resolve this value, which
again was found to be 0-010 in. (Fig. 3 (c) ). The change of
coupler shape, however, gave an improved sensitivity of
about 2 to 3 db. at frequencies above 3,000 c/s when com-
pared directly with the previous coupler.

Stage ITI. Although the 0-619 in. radius coupler had
improved the sensitivity at the higher frequencies, it seemed
significant that the optimum edge clearance was still
0-010in. Examination showed that the height of the stiffen-
ing corrugations at the edge of the microphone diaphragm
was limiting the clearance. As a result it was decided to
make further tests with a coupler of 0-619 in. radius having
a fixed safe working clearance of 0-014 in. at the edge. The
axial clearance was varied as required by turning equal
depths of metal off both the flat faces of the coupler so that
the constant edge clearance was maintained. The effect of
the variation on sensitivity is shown in Fig. 6. Previously, as
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the optimum clearance was approached, the resonance
peaks in the low-frequency range were unaffected and for
clearances less than the optimum the sensitivity was reduced
by an almost constant amount. In this case, however, the
marked resonances were smoothed even at low frequencies
by the viscous damping effect of the small air clearance above
the diaphragm. Inaddition, the output in the low-sensitivity
region above 4,000 cfs is increased so that the sensitivity
approaches a constant value to a much closer degree than
before. It was also found possible to “‘over-equalise” the
microphone, an effect which had been observed before when
using lambs’ wool damping, and obtain a form of inverse
characteristic such as that shown for the 0-004 in. clearance.
The curve using a 0-005 in. clearance, which was finally
adopted, shows the microphone to have almost constant
sensitivity up to about 3,000 c/s and a gradual rise in
sensitivity above this frequency up to 10 kc/s where it
startstofallaway. ThecavityshapewasasshowninFig.3(d).
The degree to which the sensitivity can be maintained
constant in the low-frequency range is largely a question of
the length of time that can be given to the tailoring of
individual samples by finding the exact optimum $pacing.
For example, microphone No. 2 of Fig. 6 is more carefully
equalised, but even in this case little time was spent to
obtain a constant response.

The final performance of the small-bore probe microphone
is better than was originally expected in the design
objectives. For many purposes it might be considered that
it was too tedious to apply the method of equalisation to the
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same extent as in the case described. In this connection it
is interesting to note that, at any stage in the equalisation
process, large undulations in the sensitivity/frequency
characteristic could be readily smoothed by the introduction
of a small quantity of lambs’ wool into each end of the probe.
The resulting curve would, however, have a trough or
region of low sensitivity at about 5,000 c/s.

Other Microphones.

Tests have shown that the technique of using a small
quantity of lambs’ wool, glass wool or similar sound-
absorbing material at each end of the probe in order to
smooth the response of a probe microphone, may be applied
successfully to probes up to about £ in. diameter. Such
microphones are, of course, much more sensitive than the
small probe microphones already described because of the
greater area over which sound pressures are applied and
hence the greater force available for vibrating the dia-
phragm. For larger tubes a form of continuous “loading”
has been found satisfactory, using strands of darning wool
down the tube with a small additional quantity of wool at
the ends. The characteristic of a moving-coil probe micro-

BRASS COVER

=
=
'g X=-018
8 ” HCROPHONE | / -~
~ LAY
[3 “6i9% X(N A\ p
T~ (vamxu) Al BN / \ aln
S SN SRR P 5
e B Sy - 013 Seaee TN \/ /W I\ ,ﬁ
50 N ‘j"\‘
=5 N A
Pl ~ / 1 5
[ \\'007 4 /, :/\
o e Sl N NP 2~ M
e AN legi2— s / ‘/\\'/\
o 7 D 7R H - \/
2 N NJ0os /7 W/
”’ ‘\ ’/ \
;
"gg_ﬂ olif~ ~— -~
8
% x=}-o062 B i
[P o - B Al ~ p
g [t S - 0066 - ., . s,
£ I Nar” | N
2 s i B— —~ NS
2 - ~~ R N AN
% Lz i N bl W, I
L 007 ~_7
E ~ -
£
2
= 20, 110062 A
e Je R ™
N 1
30 7
35
40 A £,
[ TAY
—— N . \
45, b \ AN
// ~N 7 —7 \\/ 7 \\.l [l
e A" A\ v
~r
/ \_loosz // ~
551 0
O -
-80
200 %00 866 1000 2000 7600 7500 10000

FREQUENCY .~ CYCLES/SECOND
Fi6. 7.—SENSITIVITY/FREQUENCY CHARACTERISTICS FOR VARYING

Axiar CLEARANCE, WITH 0:619 CovErR RaDIUS AND 0-05 1IN.
I.D. Tuse.

-10
JU SR N IS N S A SN R
g LA - e
)a-_ Y :}.\_4___ _— e — — .i:‘,:gr'__._._ JE—
=430 :
S E N ZE
e I/,"| l r=so'o s Sf ]
R \ o/
= 77
5 !Il l \ 1200 ‘// ‘
s 1 | AN [
%0 < - —
£ . lsioo| i RLEARANCE FOR FLAT
£ | )| Ny SENSITIVITY/FREQUENCY
5 | | CHARACTERISTIC
60—t }

P S T ¥

40 60 80 100 120 4G 160 180

AXIAL CLEARANCE — MiLS

F1G. 8.—SENSITIVITY/CLEARANCE FOR DIFFERENT FREQUENCIES:
wiTH 0:619 CovEr RaDIUS aAND 0-05 IN. I.D. TUBE.

phone with a }-in. tube, for example, has been successfully
smoothed in this manner. In the case of the larger-bore
probe microphones the characteristic, although smoothed,
falls away at the higher frequencies. A reduction of sensi-
tivity of about 6 db. per octave is typical of observations
made on both condenser and moving-coil microphones with
probes between $ in. and } in. diameter.

Possibly the most interesting results obtained in the
investigation were those obtained with a moving-coil
microphone with a probe of 0-05 in. diameter which was
otherwise identical with the 0-03 in. probe microphone.
With this microphone three values of clearance were found
which gave a relatively flat sensitivity/frequency character-
istic. Fig. 7 gives three families of curves corresponding to
clearances in the region of the three “flat” values. At low
frequencies up to about 3,000 c/s the curves follow a smooth
pattern, but at higher frequencies there appears to be no
logical sequence in their arrangement. If, however, they are
redrawn with sensitivity as a function of clearance, as they
are in Fig. 8, which gives curves for only a few frequencies,
the curves then show that even at high frequencies a smooth
relationship exists between the two variables. Figs. 7 and 8
serve to show the complexity of any approach to the prob-
lem of deciding the cavity shape by calculation. Whilst
relationships’ analogous to those of the electrical trans-
mission line are known for the probe, the problem of
assigning values to the acoustical impedance of the termina-
tion with its fine dimensions is complex and not readily
calculable.
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Book Review

‘“Mechanical Draughtsmanship.”” S. M. Hood, M.IIS,
A.F.F., LW.M. English Universities Press, Ltd., London,
183 pp. 203 ill. 6s.

This book is one of the “Teach Yourself”’ series, and for the
student who wishes to learn machine drawing from a book
this volume goes a long way towards making it possible. It
is arranged in a series of eleven lessons with exercises set at
the end of each. Drawing technique, from the care and use of
instruments, projection, sections and geometrical construction
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to the completed drawing, is dealt with very adequately, and
includes some of the tricks of the trade that usually are acquired
only by experience. Such controversial subjects as methods of
dimensioning, limits and tolerances are explained fully and the
student is shown clearly the difficulties that can be overcome
only by a close co-operation between the drawing office and
the workshop. The lessons on screw threads, nuts and bolts,
etc. are very informative and include the Unified Screw Thread
and the latest ideas on locking devices.

A book of this type is very dependent upon its illustrations,
and these have been thought out and prepared with care, and
perspective drawings have been effectively used. C.D. L.






CONTROL UNIT
"

RF
AERIAL

ATTENUATOR

|ookc/l5
{0SCILLATOR

1

1

1

|

j t

HARMONIC i
GENERATOR !
|

]

[}

]

|

oC
RECORDING AMPLIFIER
—*—| circurn.

CONTROL
CONTROL
wires | _{ciRCUT |

]

1}

]

1

1 POWER i

uNIT !

rn (S 20w .|
MAINS —-

0 - PULSES MAINS

PAPER MAINS

ELECTROLYTIC
‘RECORDER

RECEIVER

att

AUTOMATIC
TUNING 1
DRIVE

¢
1
!
!
i
|
i
i
!
i
. 1
B 1
1
1
¢
1
1
T
|
I
1
i

CONTROL

Fig. 2.—BLrock SCHEMATIC DIAGRAM OF AUTOMATIC-SCANNING
RECEIVER.

can be made quite satisfactorily on the paper when it is dry.

The complete automatic-scanning receiver can be
conveniently divided into four separate units.

(a) The commercial radio receiver.

(6) The automatic-tuning-drive unit.

{(c) The recorder.

{d) The control and recording circuits.

Each of these will be considered in turn.

The Recetver.

The receiver must possess good selectivity and should
have a signal/image ratio greater than 40 db. on all the
scanned bands. Further, it is important that its noise
factor should be as low as possible because the lowest
signal level at which reliable recordings can be obtained
depends upon the adequate separation of the wanted signal
from the noise background.

The receiver should contain a beat-frequency oscillator,
such as that used in reception of C.W. signals.

The Automatic-Tuning-Drive.

The drive has been designed to sweep the tuning to-and-
fro over a predetermined bandwidth; the travel can be
adjusted as required, the largest con-
venient frequency sweep being of the
order of 1,200 kc/s and the smallest
about 200 kc/s. The drive consists
essentially, of a continuously-running
sychronous motor, operated from a
250 V 50 c/s supply and driving the
receiver tuning shaft through an electro-
magnetically operated clutch. When the
clutch is engaged, the tuning spindle is
driven slowly in the direction of increas-
ing frequency, a clock-spring being
wound up at the same time. At the end
of the forward sweep the electromagnetic
clutch is de-energised by an automatic
switch, thus allowing the clock-spring
to return the tuning spindle quickly to
the starting point.

The basic arrangement of the tuning-
drive unit is shown in Fig. 3 and the
manner of operation is as follows. The
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unit is powered by a synchronous motor, shown on the right
of the drawing, with a shaft speed of 1 r.p.m. This motor
turns the armature of the magnetic clutch continuously at
a steady speed predetermined by the change-gear in the
train between the motor and the clutch armature. Until
the clutch armature is energised, no torque is transmitted
to the receiver-tuning spindle which is held at the start
position by means of a spiral return spring. When the
clutch armature is energised, the clutch pole plate grips
and the tuning drive is rotated steadily in a clockwise
direction until the clutch is released.

The tuning drive is returned by a spiral clock-spring, and
to prevent the return speed from becoming excessive and
thereby damaging the mechanism the speed is limited by a
by-pass gear train which is brought into operation by the
silent ratchet whenever the tuning shaft rotates in an anti-
clockwise direction. The gear on the outer housing of the
ratchet is driven continuously in an anti-clockwise direction
at 20 times the forward speed of the tuning shaft. Thus when
the electro-magnetic clutch is released, the spiral spring
accelerates the tuning drive back towards its start position
until the speed is sufficient for the ratchet to grip; the inner
and outer members of the ratchet then rotate together at
the speed of the outer housing of the ratchet.

This method of obtaining reciprocating motion with a
fast flyback time permits up to three forward revolutions of
the tuning drive in two minutes-without overloading the
motor. The driving load is high during the forward motion
because the motor is then storing energy in the spring, for
the rapid return movement, in addition to driving the tuning
spindle forward. During the return movement, the motor
acts as a constant speed device to limit the flyback speed to
20 times the forward speed, the driving energy for the
return being drawn from the spring. If the motor were
directly coupled to drive the tuning backwards at this high
speed a much larger size of motor would be needed to
provide the necessary peak torque.

A coupling having two flexible joints is provided with the
tuning drive so that exact alignment of the drive-unit and
the receiver-tuning spindles is unnecessary. With this type
of coupling, it is essential, however, that the axes of the
tuning spindle and the driving shaft are approximately
parallel, otherwise uniform angular motion of the receiver
spindle will not be obtained.

The receiver can be tuned by hand independently of the
mechanical-drive unit, when the spring-loaded dog clutch
coupling the unit to the receiver is released. The spring
loading ensures that the dog clutch slips back to re-engage
the mechanical drive as soon as the operator releases the
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TABLE 1

THE AUTOMATIC TUNING DRIVE
Shaft Revolutions Obtamable with Each Clange Gear

No. of Revolutions of Driving Shaft
Change
Gear Scannmng Speed Scanning Speed
1 line per minute 1 line per two minutes
| >
B7 1-40 2-80
B6 117 2 34
B5 0-84 1-68
B4 0-70 1-40
B3 0-47 093
B2 0-35 0-70
Bl 0-23 0-47
Al 019 j 0-37
i
A2 017 1 0-34
A3 0-11 | 0-22
|
Ad 0-09 | 0-19

tuning knob.

Table 1 shows the number of revolutions of the driving
shaft obtainable for scanning speeds of one line per minute
and one line per two minutes. Any one of the A gears and
any one of the B gears can be fitted to the mechanism at the
same time, so that two ranges of scan, one large and one
small, are immediately available by the operation of a
gear-change lever.

The driving-spindle torque available at all speeds is not
less than 500 gm. cm.

The Recorder.

The recorder produces a permanent record of the signals
received, on a roll-chart 8} in. wide, the width dimension of
the chart representing the swept-frequency band. The
length of the chart gives the time of the recording on a
scale of 12 in. to 24 hours. The principle is similar to that
well established in facsimile recorders using ‘“Mufax”
electro-sensitive paper, and scanning is effected by means
of a slowly-rotating helix which presses the paper against
a knife-edge acting as stationary electrode so that where
the helix and the kmnife edge cross each other there is a
single point contact through the paper. In the scanning
receiver, the rotation of the helix is synchronised with the
tuning sweep, one rotation of the helix corresponding to one
scan of the frequency band.

A simplified layout of the recorder is shown in Fig. 4. The
damp electro-sensitive paper is drawn slowly between the
helix and knife-edge and whenever a current flows between
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helix and knife-edge the paper is discoloured by electrolytic
action.

The paper is stored on the recorder in a moisture-tight
container and is drawn between the helix and the writing
edge by two feed rollers. The lower feed-roller, which is of
stainless steel, is driven by a train of gears from the helix
driving-shaft, which is in turn connected by two change-
gears to a small synchronous motor. This is provided with
internal gearing to drive an output shaft at 1 r.p.m. The
upper pressure roller is rubber faced with an accurately-
ground finish and is spring-loaded to make the paper grip
the feed roller.

By a suitable choice of change gears, paper speeds of 1 in.,
1 in. and 2 in. per hour are obtainable, the slowest being
regarded as best for normal use. The gear ratio between the
helix and the feed roller has been chosen to give 60 transverse
scans for 1 in. of paper travel for all paper speeds.

The automatic-tuning-drive has been designed for a
scanning speed of one complete sweep in 2 minutes, when
the paper speed is % in. per hour. When the higher paper
speeds of 1 in. and 2 in. per hour are used the time during
which the receiver funing is driven forward per sweep is
proportionately reduced. The maximum frequency band
that can be scanned by the automatic-tuning-drive is
therefore halved and quartered respectively at these higher
paper speeds.

Mufax paper was primarily intended for high-speed
recording, with paper feed-speeds of the order of 2 in. per
minute and higher writing speeds of the order of 1,000-2,000
in. per minute. With the low writing speeds for, which the
present recorder has been designed two difficulties had to be
overcome, one being that the paper, on leaving the roll,
rapidly became too dry for electrolysis to take place, and
the other, that “spreading” of the marking colour occurred
when current was applied in roughly the same spot for an
appreciable time. The first difficulty was overcome by
storing the paper in a carefully designed moisture-tight
container which encloses the paper right up to the recording
point to minimise evaporation, and the second, by utilising
the discharge of a capacitor to provide the source of current
for marking the paper, giving in effect a pulse which over-
comes the spreading mentioned above. Variable-density
recording, which gives some indication of the signal strength
by the density of the mark produced on the paper, is obtained
by making the charge on the capacitor dependent on the
A.G.C. voltage in the receiver. The operation of this part
of the scanning receiver is described later, in the section
dealing with the control unit.

Erosion of the stainless-steel writing edge must occur
because the metal takes part in the chemical action of dis-
colouring the paper, and it may become necessary in cases
where a scanning receiver is monitoring the same band for
periods longer than, say, two months to grind or replace the
writing edge.* This is a straightforward operation.
Alternatively, so that erosion does not always pit the edge
in the same place, it may be possible to shift the frequency
of the scanning range a little from time to time. The
scanning drum does not take part in the chemical action
and unless the platinum-iridiumwire helix, whichisrelatively
soft; is mechanically damaged it should last indefinitely.

Access to the roll of paper is obtained by removing a
perspex cover held in position by four thumbscrews.
After a new roll has been fitted, the free end of the paper is
passed beneath the writing edge and between the feed and
pressure rollers which, together with the writing edge, are
spring loaded to rise clear of the paper when the lid of the
recorder is raised. The perspex cover is then replaced, the

* It may possibly be useful to note that the extent of the erosion
at any point is a measure of the extent to which the frequency
corresponding to that point has been occupied by signals.
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position of the paper adjusted to feed correctly -and the
lid of the unit is closed. This depresses the springs lifting
the writing edge, so that the writing edge rests under its
own weight on the paper, and also causes the paper to be
gripped between the feed and pressure rollers.

The current in the coil of the electro-magnetic clutch in
the automatic-tuning-drive is controlled from the recorder,
where micro-switches indicated in Fig. 4 are operated by
cams on the shaft driving the scanning drum. These micro-
switches operate relays on the control unit. The cams are
so arranged that the control pulses occur at the beginning
and end of each line scanned by the helix. The timing of
these pulses is such that the helix rotates 338° from the
operation of the start pulse to the operation of the release
pulse, allowing 22° for the flyback, corresponding to a time
of 8 sec. for a scanning speed of 1 line per 2 minutes. This
is two seconds longer than the automatic-tuning-drive
takes to return to its start position so that there should
be no chance of loss of synchronism between the receiver
and the recorder. The signals intercepted by the receiver
during the flyback time are not recorded. The chart has
a margin of about a } in. each side where signals are not
printed.

A third micro-switch operated by a three-lift cam on the
feed-roller shaft gives pulses occurring every two hours for
disconnecting the aerial from the receiver and connecting
the harmonic generator that supplies the frequency calibra-
tion signals. This gives a few lines of 100 kc/s marker points
at two-hour intervals so that the chart is calibrated both
for time and frequency.

A useful facility is that of being able to stop the scan at
any chosen signal on the record so that the station can be
identified. For this purpose, two press-button switches of
the “push-on” “‘push-off”’ type are mounted on the writing
table of the recorder. One switch operates a lamp situated
behind the scanning drum, to silhouette the section of the
helix in contact with the paper. This enables the operator
to follow the actual point of recording across the chart; as
this point approaches the station to be identified, the
operation of the second press button switches-off the
motors of both the drive and recorder. Precise tuning
adjustment can then be made manually by releasing the
dog clutch shown on the tuning spindle in Fig. 3.

The Control Unit.

The control unit contains the remainder of the equipment
and includes the following sections.

1. The recording circuit.

2. The harmonic generator.

3. The control circuit for synchronising the recorder

with the other units.

4. Power supply equipment.

The recording circuit provides the link between the
receiver output and the electro-sensitive recording unit.
The circuit can be considered in two parts, the first being the
“printing circuit” which initiates the discharge of current
giving the electrolytic action on the chart, and the second
the ‘““density circuit” which dictates the strength of the
discharge according to the strength of the received signal.

The printing circuit operates as follows. The radio
receiver contains a fixed frequency oscillator, known as
the beat-frequency oscillator, which for the purpose of the
scanning receiver, has its frequency adjusted to the middle
of the receiver LF. band. The oscillator signal is mixed
with the LF. signal, so that a difference-frequency
component appears at the output of the detector.

As the frequency of tune of the receiver is swept across
the frequency band, each intercepted signal in turn crosses
the I.F. passband and, in beating with the signal from the
internal oscillator, produces a sliding note at the output of
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thereceiver. This note falls to zero frequency and rises again
until the signal is swept outside the I.F. passband. The out-
put from the anode of the last valve of the receiver is taken
to the printing circuit, shown in Fig. 5, where a low-pass
filter R3, C2, R4, C3, limits the upper frequency entering
this circuit to approximately 400 c/s. When the sliding
note resulting from a radio signal sweeps below 400 c/s,
the rectifier MR2 passes a direct voltage to the grid of
the D.C. amplifier valve V1, the output from which then
raises the grid voltage on the first half of the double triode
V2 operating in a trigger circuit. As a result, the anode
current of this triode section of V2 rises sharply, operating
relay RLA. This condition persists until the direct
voltage applied to V1 falls to its original value, i.e. until
the sliding note has passed through zero and risen again to
above the filter cut-off. The trigger circuit then releases

. relay RLA. Owing to the slow rate of rise of attenuation

of this filter, the frequency range over which the relay
operates depends upon the signal strength at the input to
the printing circuit, and this effect is reduced somewhat by
the peak limiter consisting of MR1, CI and R1. .

The operation of relay RILA discharges the capacitor
C4 through a circuit terminating in the electrodes and
electro-sensitive paper of the recorder circuit, so making
a brown dot on the chart.

The density of the dot is governed by the magnitude of
the discharge from the capacitor, which is proportional to
the voltage to which it is initially charged. This voltage is
controlled in the density-control circuit, Fig. 5, by the
instantaneous autematic-gain-control voltage in the radio
receiver. The valve V3 acts as a D.C. amplifier, and because
the A.G.C. voltage is connected te its grid, its anode
voltage can be used to charge the capacitor C4 to a voltage
which increases with the signal level.

For satisfactory operation of the “zero-beat” recording
circuit, the frequency of the internal oscillator must be
fixed at a value which gives zero-frequency beat with a
signal when the receiver is exactly “on-tune,” i.e. when the
A.G.C. voltage is a maximum.

The harmonic generator is of conventional design and
produces harmonics of 100 kc/s. The reference-frequency
source is a 100 kc/s crystal oscillator built on the same
chassis. A very narrow pulse is employed as the source of
harmonics, and care has been taken that the levels of all
harmonics between 4,000 and 27,500 kcfs do not differ too
much. The variation between the levels of different har-
monics over the whole of this band is of the order of 15 db.
Within any 1,000 kc/s portion of the band it is less than 10
db. At two hourly intervals a low-capacitance relay is
operated by a pulse from the recorder. The aerial input of



the receiver is thereby switched to the output of the
harmonic generator and at the same time the H.T. supply
is connected to the latter. This operation calibrates the
chart for time (2 hourly intervals) and frequency (100 kc/s
intervals).

The function of the control circuit, shown in Fig. 6, is to
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synchronise the scanning operation of the tuning control
with the mechanism of the electro-sensitive recorder.
This is necessary because separate electric motors are used
to drive the two mechanical sections of the equipment.
The two motors have the same rate as they are synchronous
motors driven from the same supply. The synchronising
of the tuning is effected by micro-switches in the recorder
which are actuated at the limits of the scanning cycle,
thereby controlling, through relays, the magnetic clutch
in the drive unit, and, once every two hours, the switching
on of the harmonic generator to provide frequency-marker
points on the chart. The circuit in Fig. 6 also shows the
interconnections between the various units forming the
whole scanning receiver.

The control circuit also houses the power switch and two
adjustment facilities, an R.F. attenuator in the aerial feed
to the receiver, whereby the signal-input level can be
adjusted, and a ‘“density’’ control (RVI in Fig. 5) which
enables the operator to adjust the general intensity of
marking of the chart record in the absence of radio signals.

Power for the operation of all sections of the scanning
receiver is drawn from the 250 V 50 c/s supply mains. One
power connection is made to a socket on the control unif,
and all the other sections of the equipment receive the
necessary A.C. or D.C. power by means of plug-ended
cables interconnecting the various units. Two D.C. rectifier
circuits are incorporated in the power unit, one supplying
300V for valve anode supplies and the other 50V for relay
operation. The total power required from the 250 V A.C.
supply mains for the whole scanning receiver under normal
operation amounts to approximately 150W.

Field Trials.

An early model of the scanning receiver has been on field
trials for nearly a year and a portion of a typical chart is
shown in Fig. 7. The recorder was at this time scanning the
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frequency band 9,000 to 10,200 kc/s and the chart speed was
1 in. per hour. The operating sensitivity was 2 microvolts
E.M.F. input at the receiver terminals. The density-control
circuit. was operating at its maximum voltage, so that all
the radio signals have, in this case, given records of
approximately equal intensity.

The 100 kc/s frequency marker points can be seen in the
gaps in the record which occur hourly on this equipment.

Other Possible Uses.

The automatic scanning receiver was developed as an
aid to radio monitoring but it is possible that it, or some of
its parts, may find other uses. Thus, the complete equip-
ment could be connected to a coaxial cable carrying multi-
channel telephony, instead of to an aerial, and could then
provide a record of the variations in traffic loading of the
cable over any desired period. Again the drive mechanism
could be connected to a multi-point switch, in place of the
tuning spindle of a radio receiver, and a record made of the
variations in potentials applied to the switch contacts. For
example this technique could be used for traffic studies on
say 100 lines of a telephone exchange. Or records might be
made of the condition of a group of alarm relays monitoring
the state of unattended equipment.
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Single-Sideband Multi-Channel Operation

of Short-Wave Point-to-Point Radio-Links

F. C. OWEN and A. B. EWENY

Part 2.—An Independent-Sideband Transmitter Drive Unit and Monitor Receiver

U.D.C. 621.396.41:621.396.619.24

The design, construction and performance of a transmitter-drive unit, and associated monitor receiver, are described. The equipment
generates a low-power independent-sideband signal comprising two 6-kc/s channels, one on each side of a reduced-level “pilot™ carrier,
suitable for application to the final modulator and power amplifier stages of a short-wave transmitter; alternatively, a single-channel
double-sideband signal can be generated. The present article is Part 2 of a series; Part 1 gave a general survey of the principles of single-
sideband multi-channel operation, and subsequent articles will describe a high-power transmitter and an independent-sideband receiver.

INTRODUCTION

HE function of the drive unit is to generate a low-
l power two-channel single-sideband signal suitable
for application to the final modulator and power
amplifier stages of a short-wave transmitter. The drive unit
thus forms part of an independent-sideband system,
capable of transmitting two independent 6-kc/s channels,
one on each side of the carrier frequency. Each 6 kc/s
channel may itself be sub-divided into two 3-kc/s telephony
channels or several telegraphy channels, or a combination of
telephony and telegraphy channels, as discussed in Part 1 of
the series.

The equipment described is similar in principle to earlier
designs used at Post Office transmitting stations, but a
number of improvements and refinements, which experience
has shown to be desirable, have been incorporated.?
Associated with the drive unit is a monitor receiver which
provides comprehensive facilities for monitoring the signals
and measuring non-linear distortion, either at the output of
the drive unit, or at any of the power amplifier stages in the
main transmitter.

The drive unit and monitor receiver are associated with
the main transmitter as shown in Fig. 1. The independent-
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sideband signal (3-094-3-106 Mc/s) from the output of the
drive unit is applied to a modulator in the main transmitter,
together with a carrier of frequency f; derived from a quartz-
crystal-controlled oscillator and harmonic generator. The
frequency f; is such that
f3 :f(} :l: 31 MC/S

where fois the frequency of the pilot carrier of the radiated
signal. For signal frequencies below 10 Mc/s the positive
sign is applicable; at 10 Mc/s and above the negative sign
applies. The advantage gained by adopting this convention
is that a smaller range of frequencies is required from the
carrier generator than would otherwise be needed. The

T The authors are Executive Engineer and Assistant Engineer
respectively, in the Radio Experimental and Development Branch,
E.-in-C.’s Office. -

1 References are given at the end of the article.
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output from the modulator at the frequency f; is selected
and amplified in the transmitter to a power level suitable for
application to the transmission line and aerial.

For monitoring purposes, each power-amplifier stage of
the transmitter is provided with a monitor pick-up probe.
A low voltage, at frequency fo, can thus be obtained from
the selected amplifier stage and applied to a first frequency-
changer located in the main transmitter. This frequency-
changer is also supplied with a carrier of frequency f,
derived from the quartz-crystal-controlled oscillator and
harmonic generator and the resulting signal, in the range
3-094-3-106 Mc/s, is fed back to the monitor receiver
associated with the drive unit.

Tre Drive Unit
Type of Signal Generated.

The drive unit accepts two separate audio-frequency
signals (referred to as the channel A and B signals), each
occupying a frequency band 100 to 6000 cfs, and produces
an independent-sideband reduced-carrier signal with
channel A above, and channel B below, the carrier at
3-1 Mc/s; the frequency cuane s CHANNEL A
spectrum of the com- /
posite signal is shown in - PILGT CARRIER
Fig. 2. }

The purpose of the 3094 3 3406
carrier (referred to asthe FREQUENCY Mc/s

“pilot” carrier) is two- FIG. 2.—INDEPENDENT-SIDEBAND S1G-
fold:— NAL PRODUCED BY DRIVE EQUIPMENT,

(@) It enables the automatic gain control in the distant

* receiver to adjust the receiver gain so that the average
audio output of the receiver is correct irrespective of
the actual level of the incoming radio-frequency
signal.

(B) It enables the automatic frequency control in the
distant receiver to adjust the receiver tuning so that
the pilot carrier is maintained within the pass band
of the narrow filter (about 40 c/s wide) which is used
to select the pilot carrier from the sidebands; further-
more, it enables the received pilot carrier frequency to
be synchronised with that of a local carrier oscillator
which may be used to demodulate the sidebands of the
received signal to audio frequency.

The level of the carrier in a single-sideband or independent-
sideband signal is reduced below the level appropriate to an
equivalent double-sideband signal in order that as much as
possible of the radio-frequency power output of the trans-
mitter shall be -available for the information-bearing
sidebands. A low level of pilot carrier is also desirable in the
interests of reducing inter-channel crosstalk. The level must
not be reduced too far, however, or the signal-to-noise ratio
in the carrier channel of the distant receiver will be in-
adequate when the signal/noise ratio in the sideband channel
is just adequate. A peak sideband/carrier ratio of 26 db. is




used in practice in the independent-sideband system, this
ratio constituting a convenient compromise between the
conflicting considerations discussed above.

As discussed later the drive unit may also be used to
generate a double-sideband signal when required.

Principles of Operation.

The arrangement of the drive equipment is shown
schematically in Fig. 3, and the frequency spectra of the
signals at the various stages are shown in Fig. 4.
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The A-channel audio-frequency signals from line are first
passed through a high-pass filter to remove components
below 100 c/s which might otherwise produce sideband
signals lying close to the pilot carrier; these signals would be
accepted by the carrier-selector filter of the distant receiver
and might adversely affect the operation of the receiver
automatic frequency control. The 100-6000 c/s signals are
then amplified, an adjustable gain-control and a volume
indicator being incorporated in the audio amplifier. The
amplified signals are applied to a balanced modulator
(Mod. 1), together with a 100 kc/s carrier derived from a
quartz-crystal-controlled oscillator. The use of a balanced
modulator enables the carrier appearing in the output to be
reduced to a low level relative to the sidebands. The upper
sideband (100-1-106 kc/s) of the output of the first modulator
in the A channel is selected in a channel filter using quartz-
crystal resonators® (Fig. 4(c)). A similar process is applied
to the B-channel signals, except that it is the lower sideband
(94-99-9 kc/s) of the output of the first modulator in the B
channel which is selected (Fig. 4(d)). The channel filters
provide a very high degree of discrimination against the
unwanted sideband, so that the output from each channel is
substantially a single-sideband signal.

The A-channel and B-channel signals (100-1-106 k¢/s and
94-99-9 kc/s respectively) are then combined by means of a
hybrid transformer. The residual carrier left asaresult of the

imperfect balance ot the first modulators and the relatively
small rejection of the channel filters at 100 kc/s is removed
by a carrier-stop filter (Fig. 4(¢)). This is a quartz-crystal
filter which freely transmits frequencies in the ranges 94 to
99-9 kc/s and 100-1 to 106 kc/s but offers at least 30 db.
discrimination against frequencies of 100 kc/s 4 10 c/s.
The pilot carrier, which is derived from the 100 kc/s
oscillator, is then combined with the independent-sideband
signal by means of a second hybrid transformer (Fig. 4(f)).

The reason for partially balancing out the carrier in the
first modulators and removing the residual carrier by means
of a carrier-stop filter is that the final carrier level is then
determined mainly by that of the re-inserted carrier and is
almost completely independent of small fortuitous changes
in modulator balance, such as might be caused by ageing of
components. It is important, in an independent-sideband
system, that the peak-sideband to pilot-carrier level ratio
should remain constant, otherwise the audio-frequency
output of the distant receiver will vary.

The composite signal consisting of the upper and lower
sidebands and the pilot carrier is amplified and applied to
a second -balanced modulator (Mod. 2), together with a
3 Mc/s oscillator supply derived from the 100 kc/s oscillator
by frequency multiplication. A second intermediate-
frequency amplifier (I.F.2) selects the required upper side-
band (3-094-3-106 Mc/s) and provides a certain amount of
rejection of the 3 Mc/s component (Fig. 4(g)); further
rejection is achieved by the balance of the second modulator.

The peak-sideband-output level of the I.F.2 amplifier
(+ 24 db. relative to 1 mW) is measured on a calibrated
voltmeter; the pilot-carrier level may also be measured on
the same meter (in the absence of a sideband signal), a
change of voltmeter sensitivity being made to accommodate
the low level of the pilot carrier.

The drive unit may also be used to generate a double-
sideband signal consisting of a modulated 3-1 Mc/s carrier.
For convenience, and in the interests of economy of equip-
ment, the same modulation processes are used as in
independent-sideband operation. The audio-frequency
signal is applied to one channel only; the channel filters are
switched out of circuit and the re-inserted carrier is increased
to the level appropriate for double-sideband working. This
method of generating a double-sideband signal requires equal
phase differences (apart from sign) between the carrier and
the upper and lower sideband components; a means is
therefore provided for adjusting the phase of the re-inserted
carrier during installation.

Requirements of the Oscillators.

Radio Frequency Oscillators.—The frequency error of the
carrier radiated by a short-wave transmitter employed in
point-to-point communication must not exceed the value of
30 parts in 10° permitted by International Regulations?;
the oscillator stability requirements are therefore stringent.

The frequency error of the carrier (f;) radiated by an
independent-sideband transmitter depends on the frequency
errors of the oscillations from which the radiated carrier is
derived, i.e., the 100 kc/s and 3 Mc/s oscillations applied to
the first and second modulators, in the drive equipment, and
the conversion frequency at (f¢ &+ 3+1 Mc/s) applied to the
third modulator, in the transmitter. The largest percentage
error will occur when a relatively low-frequency carrier
(e.g., 4 Mc/s) is derived by applying a conversion frequency
of 7-1 Mc/s (nominal) to the third modulator together with
3-1 Mc/s (nominal) from the drive unit, and the frequency
errors of the 100 kc/s and 7-1 Mc/s oscillations are of opposite
sign. In this case, the percentage frequency error of the
radiated carrier is 2-55 p, where $ is the (equal) percentage
error of the 100 kc/s and 7-1 Mc/s oscillations. To meet the
requirements stated above, it follows that the long-term
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frequency error of the 100 kc/s and conversion-frequency
oscillators should not exceed 0-003/2:55 (= 0-0012 per cent)
i.e., 12 parts in 108,

For the regular scheduled radio-communication services
of the Post Office the conversion frequencies are obtained
from crystal-controlled oscillators operating in the range 3 to
7 Mc/s. Frequency multiplication, in a harmonic generator,
is employed to cover the conversion-frequency range of
6-9 Mc/s to 26-9 Mc/s necessary to produce radiated fre-
quencies of from 4 to 30 Mc/s.

In a transmitting station containing several independent-
sideband transmitters the 100 kefs and 3 Mc/s oscillations
can be conveniently obtained from a central source con-
sisting of a 100 kc/s quartz-crystal-controlled oscillator and
a 30-th harmonic generator for the 3 Mc/s oscillation.
There it may be economical to provide a very stable
100 ke/s oscillator in order to reduce the tolerances on the
oscillators feeding the third modulators in the transmitters;
five or more of the latter oscillators may be required for
each transmitter for the various frequencies on which it may
work, whereas one 100 kec/s oscillator can feed all the
transmitter-drive units. In practice it is possible to keep the
100 kc/s supply (and therefore the 3-1 Mc/s output of the
drive unit) within 1 part in 10 of the nominal frequency,
monthly checks of frequency being made against a suitable
standard to allow for ageing effects. Under these conditions
the maximum frequency error of the radiated carrier is
1-88 p,, where p, is the percentage error of the conversion-
frequency oscillation applied to the third modulator; it
follows, therefore, that the long-term error of the conversion
frequency should not exceed 0-003/1-88 (== 0-0016 per cent.)
i.e., 16 parts in 108.

Audio Frequency Oscillators.—Two audio-frequency test-
tone oscillators mounted on the same chassis are provided
for the efficient line-up and maintenance of the independent-
sidebandequipment. Toensurethat thedistortion measured
by the monitor receiver (agdescribed in the next section) is
not significantly modified by any inter-modulation in the
oscillators, arising from crosstalk between them, it is
specified that the level of the intermodulation product
(2fs — f+) present in the output of either oscillator should
not exceed — 60 db. relative to the fundamental level. The
frequency stability requirements of the oscillators are
determined by the bandwidth of the distortion filter ;a
tolerance of - 1 per cent. is sufficient to ensure that the
distortion component will remain within the pass-band.
The oscillator frequencies (1100 and 1775 c/s) were chosen
in order to obtain maximum rejection of the difference
frequency (f, — f. = 675 c[s) in the distortion filter, which
offers maximum discrimination to frequencies 250 c/s away
from the mid-band frequency.

THE MonNI1Tor RECEIVER
Principles of Operation.

A block schematic diagram of the equipment provided for
monitoring the sideband and carrier signals is shown in
Fig. 5. The equipment is designed to accept signals from
the drive unit at 3:1 Mc/s or from the various power
amplifier stages of the transmitter at the radiated frequency.
The latter signals are first translated to 3-1 Mc/s in a
frequency-changer unit located at the transmitter.

The oscillator frequencies required by the monitor equip-
ment for frequency changing and demodulation are:—

(a) Conversion frequency from the transmitter harmonic

generator,

(6) 3 Mc/s from the drive unit frequency converter,

(¢) 100 kc/s from the drive unit crystal oscillator.

Since the first frequency-changer is permanently asso-
ciated with the transmitter harmonic generator, the act of
tuning the transmitter automatically ensures that the
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frequency-changer is supplied with the approprlate con
version frequency; in practice, therefore, the monito
equipment is aperiodic over the working frequency range
Any conversion frequency present in the output of the firs
frequency-changer is virtually removed by passing the 3-.
Mc/s signal through a 6 Mc/s low-pass filter. The 3-1 Mc/
signal is then applied to a second frequency-changer whicl
translates the signal to the range 94-106 kc/s. After a stag
of amplification the signal path is divided, by means o
hybrid transformers, into five paths. Two of these outlet:
are for aural monitoring purposes, the A and B channe
signals being selected in quartz-crystal filters (similar tc
those used in the drive unit) and then demodulated ir
separate balanced demodulators.

Measurement of Carrier and Sideband Levels, and Non-Linear
Distortion.

The measurement of the sideband, carrier and distortion
components is carried out at the 100 kc/s stage, the measur-
ing equipment consisting of a 94-106 kc/s amplifier-detector
preceded by a calibrated adjustable attenuator. By means
of a switch the measuring equipment may be connected to
any one of the following:—

(@) a narrow-band carrier filter (100 kcfs 4- 75 cfs) for

selecting the pilot carrier,

(b} anarrow-band distortion filter (100-425 kc/s 4- 75 ¢fs)

for selecting the distortion component, and

(¢) the unfiltered sideband output (94-106 kc/s) of the

monitor receiver.

Condition (a) enables the pilot carrier level to be monitored
continuously on the amplifier-detector meter and an alarm
circuit, associated witl the meter valve, can be arranged to
give remote visual or aural warning, or both, if the carrier
level departs from its correct value. Condition {a) also
enables carrier compression (resulting from, for example,
poor regulation of the transmitter power supplies), which
may occur during passages of deep modulation, to be
observed readily.

Conditions () and (c) enable the equipment to be used for
measuring the level of the third-order distortion in the drive
unit or the transmitter. The criterion of non-linear distor-
tion produced in the system is the level of a third-order
intermodulation product produced when two equal-
amplitude tones are applied simultaneously to the same
channel. The tones, of frequencies f, = 1100 ¢/s and f, =
1775 c[s, are applied to the A channel of the drive unit.
When translated to radio frequency, the 51gna.l consists of
two components of frequencies (f.+ fJ) and (fe+f),
where /. is the frequency of the carrier. Non-linearity of the
transmitter or the drive unit gives rise to third-order
intermodulation products of the type 2(f.+ fa) — (fo + /»)
= f. + 2f. — f,; and higher orders. For the particular tone
frequencies used a third-order distortion component of
frequency (f, + 425) c/s is chosen; when translated to the



band 94-106 kc/s this third-order distortion component lies
at 100425 kefs and this is the component selected by the
distortion filter in condition (b). The distortion level is
expressed relative to the level of either of the two tones;
the sideband signal level is measured in condition (c¢), one
tone at a time being applied to the drive unit.

Although the two-tone method of measuring transmitter
distortion has been widely used in the past, an improved
technique using an input signal consisting of random noise
instead of the tones has recently been developed® and is
outlined in the Appendix.

PERFORMANCE CHARACTERISTICS OF THE DRIVE UNIT
Levels.

When either channel is energised by a single tone, the
drive unit is capable of delivering an output at 3-1 Mc/s of
+ 18 db. relative to 1 mW for an input signal range of
— 22 to 4 24 db. relative to 1 mW. The peak sideband
output when both channels are energised simultaneously, or
when the input to one channel is increased 6 db. above
normal tone level, is - 24 db. relative to 1 mW. When
speech is applied to the channels, the peak sideband output
should not exceed + 24 db. relative to 1 mW for an adequate
performance as regards inter-channel crosstalk; the true
peaks of speech are not, however, indicated on the output
meter because of its relatively long time-constant.

Frequency-Response Characteristics.

The overall frequency-response for input frequencies
between 200 c/s and 6000 c/s is substantially that of the
channel-selecting filters, as shown in Fig. 6(s). Fig. 6(3)
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Fic.  6.—INSERTION-Loss/FREQUENCY  CHARACTERISTICS  OF
CHANNEL AND CARRIER-STOP FILTERS.

shows the insertion-loss characteristic of the stop filter used
to attenuate the 100 kc/fs out of balance component.

A typical overall frequency-response measured at the
drive output for various frequencies applied to the input is
shown in Fig. 7. The overall frequency-response of the
channels does not vary by more than 1-5 db. from 200 c/s
to 6000 c/s, relative to the maximum response in the pass-
band. The response at 100 c/s is — 3 db. relative to that in
the pass band and it decreases rapidly at a rate of more
than 20 db. per octave for lower frequencies, for reasons
discussed earlier.
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Non-ltnear Distortion.

The overall relationship between the audio-frequency
input level and the sideband output level is shown in Fig. 8.
This also shows the manner in which the levels of the third-
order and fifth-order intermodulation products (2f, — fb)
and (3f, — 2f,) vary as the level of the two equal-amplitude
audio tones (f, and f,) is varied; these components are at
least 47 db. and 60 db. respectively below the standard
level of the test-tone.

Carrier Compression and Unwanted Phase Modulation.

Non-linear amplification may also result in a reduction of
the carrier level at the output of the drive unit when an
audio signal is applied to the input; this effect is known as
““carrier compression.” If the amount of carrier compression
is excessive it results in a corresponding change in the audio
output of the distant receiver, due to its automatic gain
control. In the present design of drive unit the carrier
compression at peak-sideband-output level does not exceed
0-5 db., which is negligible.

Tests have also been made to determine the amount of
unwanted phase-modulation present at the output of the
drive unit. Such modulation can arise if the resonant fre-
quency of a tuned-amplifier stage change$ during the
modulation cycle, due, for example, to a change in the input
capacitance of the valve, caused by over-loading. Phase
modulation is undesirable in a multi-chanhel system because
the sideband components thus produced can give rise to
inter-channel crosstalk. The extent to which the pilot carrier
in the drive unit is phase-modulated as a result of the
presence of a sideband signal can be used as a measure of the
phase-modulation. It was found that, for any level of side-
band signal up to that which produced peak output power,
the unwanted phase modulation did not exceed one degree
(the limit of measurement) corresponding to a signal-to-
crosstalk ratio exceeding 40 db. &V

DEsicN DETAILS OF THE EQUIPMENT

Modulators.

The first and second modulators in the drive unit and the
demodulators in the monitor receiver are of the balanced
type employing pentode valves; the carrier is applied in
phase, and the signal in phase-opposition, to the two signal
grids. Amplitude balance is provided by adjustment of the
screen potential of one modulator valve of a balanced pair.
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The 100 kc/s oscillator and the 3-0 Mc/s frequency-
multiplier also use plugs and sockets for connection to
external wiring, the units consisting of small chassis bolted
to mounting plates.

Two identical power units are provided on the rack; one
supplies H.T. and heater power to the drive equipment,
including the R.F. oscillators, and the other supplies the
monitor receiver.

Intermediate-frequency connections between units are
made by coaxial cable, U-links being provided on a test
panel to facilitate testing. Similarly, an A.F. test panel is
provided for connections between A.F. units.

CONCLUSIONS

The performance of the new design of independent-
sideband transmitter drive represents an improvement, as
compared with earlier designs, in respect of reduced
susceptibility of the monitor receiver to unwanted pick-up
from the stray fields of high-power transmitters in the same
building, less critical modulator balance, ease of access to
the various units for maintenance purposes, and economy
of rack space. The linearity of the drive unit and the free-
dom from inter-channel crosstalk, are more than adequate
for present requirements.

The comprehensive monitoring and measuring facilities
provided have proved of considerable value in achieving
and maintaining a high standard of performance in
independent-sideband systems.

APPENDIX

AN ALTERNATIVE METHOD OF MEASURING NON-LINEAR
DisToRrTION

If a band of random noise, 6 kc/s wide, is applied to, say,

the A channel of the drive unit, the distribution of the inter-

modulation products at the output of the system (due to

non-linear distortion) will be approximately as shown in

Fig. 1. By sampling the noise power at specified points in the
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F16. 1.—DISTRIBUTION OF 3RD AND 5TH ORDER INTERMODULATION
Propbucrs,

output-frequency spectrum, using measuring equipment
having a bandwidth narrow compared with 6 kc/s, a measure
of the level of the third- or fifth- order intermodulation
products is obtained. It can be shown that, for a channel band-
width of 6 kec/s, intermodulation noise in a narrow band
centred at f, ( = f. + 9 kc/s) consists mainly of third-order
products; the higher odd-order components, which are also
present, are relatively much lower in amplitude. Similarly,
intermodulation noise at f; ( = f. + 15 kc/s) consists mainly
of fifth-order products. Tests on the drive unit have shown
that the third-order distortion, expressed as a ratio of the
noise powers measured at f; (any frequency within the pass-
band of the energised channel) and f,, agrees closely with the
ratio obtained with the two-tone method, when the latter is
free from the anomalous effects discussed below. The power
level of the noise applied to the input of the drive unmit was
adjusted to be equal to the tone line-up level, ile., 6 db. below
the tone level corresponding to peak output power. At this
level the instantaneous peaks of the random noise exceeded
the nominal peak output level of the drive unit for only
0-5 9, of the time.

For routine test purposes it is not essential to measure the
intermodulation noise in a bandwidth narrow compared with
6 kefs; it is sufficient if random noise of a suitable level is
applied to one channel input of the drive unit and the“signal”
and “‘crosstalk’” noise powers are compared at the A and B
channel audio-frequency outputs of the monitor receiver.

The chief advantages of the random noise method of
distortion measurement are as follows:—

(¢) Experience with the two-tone test has shown that the
level of the third-order distortion product can vary
irregularly with the level of the tones, in fact, partial
cancellation can occur at certain levels giving an in-
correct impression of the amount of crosstalk present,
for example, with telephony signals; this difficulty is
avoided by the random noise technique, the ‘‘signal”
then being more representative of a telephony signal
than is the case with only two tones.

{b) All intermodulation products, irrespective of their order,
which fall in the band selected (and which would, there-
fore, cause inter-channel crosstalk or adjacent channel
radiation in practice) are measured.
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Book Review

“Fundamentals of Technical Electricity.,” H. G. Mitchell,
M.A., B.Sc. Methuen & Co. Ltd. 543 pp. 11 plates.

346 diagrams. 18s. R
This book attempts to present to the student reading for the
early stages of an Engineering Degree, the Ordinary National
Certificate, or Grades 2 and 3 of Telecommunications Principles
of the City and Guilds of London Institute, the general
principles of elementary A.C. and D.C. circuit and instrument
theory rather than methods whereby engineers employ them
in technical work. The atmosphere created is nearer that of
the physics than the electrical engineering laboratory. Amongst
the many text books on elementary technical electricity
published in recent years this one stands out on account of its
more academic approach. The need for the passing of examina-
tions has not however been in any sense overlooked, as the
author has introduced worked examples to help the student in

B

“getting down to earth,” and has added numerous unworked
exercises drawn largely from past City and Guilds papers in
Telecommunications Principles, at the end of each chapter.
The mathematical treatments are well presented in concise
unabbreviated form. Elementary Calculus is used where
necessary: vectors are employed freely, and the “‘j”* notation
is introduced towards the end of the book for use in the solution
of resonant and mutually coupled circuits, and simple A.C.
bridge networks. A chapter on Units and Dimensions, with an
account of the Rationalised M.K.S. system, is included,
followed by short chapters on theory of conduction, elementary
thermionic valve applications, and modern views on energy
and radiation. The text is liberally illustrated with diagrams
of excellent clarity and the publishers are to be congratulated
on the quality of the paper and printing, which has resulted
in a volume that is pleasing to handle and to read. C.F. F,
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C.C.L.F. Field Trials of International Semi-Automatic

Telephone Operation

Part 2.—Facilities to be provided
U.D.C. 621.395.35: 621.395.5

J. V. MILE

In this concluding part of the article the author discusses the principal facilities to be provided in the ficld trials of the international
semi-automatic telephone system. Brief reference is also made to the arrangement of equipment at the London centre.

FAciLiTiES TO BE PROVIDED
General.

HE Field Trial equipment used by all participating
countries will be constructed in accordance with the

standard specifications, which permit Adminis-
trations to use their own particular switching techniques
but ensure satisfactory interworking between countries.
In the arrangements for the London Centre, Fig. 3,
motor uniselectors, common marker controlled, are
employed for high speed switching and all V.F. signals are
sent from the line relay sets. This latter feature contrasts
with the corresponding methods commonly adopted at the
other field trial centres, where, with amore general technique
of using link circuits, a proportion of the signals will usually
be sent from common equipment.
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Fic. 3.—TRUNKING OF THE LONDON EQUIPMENT FOR Bota 1 V.F. anp 2 V.F. SvysTEMS.

To obtain the fullest information on the adequacy of the
two signalling codes to cater for the ultimate requirements
of an international signalling system, it has been agreed
that transit switching involving not more than one transit
exchange, or exceptionally two transit exchanges, and
automatic alternative routing shall be provided “for
initially, in addition to a direct terminal service. It was
also agreed that all international semi-automatic circuits
shall be operated on a unidirectional basis.

1 Assistant Engineer, Telephone Development and Maintenance
‘Branch, E.-in-C.’s Office.
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(as indicated by the country code) and to the actual route
selected. Thus, if a direct route to the country of destina-
tion is taken, a terminal seizing signal is sent and if an
indirect route is taken, a transit seizing signal is sent.

Control of Digit Sending.

In register systems use can be made of the storage
facilities to delay the transmission of the digital information
until the distant exchange is ready to receive it. In each of
the international signalling systems the release of the
digital information is effected under the control of a
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FiG. 4.—APPLICATION OF THE SIGNAL CopE—2 V.F. SysTEM,

proceed-to-send signal which is returned from the incoming
exchange when a register has been associated with the
calling line after the receipt of a seizing signal.

Although this principle is the same with both signalling
systems, there is an important difference between the two
signalling systems on transit switched calls, which needs
some explanation. With the sihgle frequency system, on
transit connections, the whole of the digital information,

including the country code, is passed progressively from
exchange to exchange each time a proceed-to-send signal is
received, until the penultimate exchange is reached. The
transit register at this exchange then sends a terminal
seizing signal and, on the receipt of a proceed-to-send
signal, sends only the national number to the international
terminal exchange. With the two-frequency signalling
system, the outgoing terminal register maintains full
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F1G. 5.-~APPLICATION OF THE SIGNAL CopeE—1 V.F. SysTEM,

control of the setting up of the connection tothe extent thatit
sends only the code digits of the country of destination to
each transit exchange in turn on receipt of its transit
proceed-to-send signal. When the connection is established
so far as to reach the incoming international terminal
exchange, a different type of proceed-to-send signal is
returned which indicates to the outgoing terminal register
that the national number may now be sent. Thus, it will
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be seen that an exchange returns a transit proceed-to-send
signal if it receives a transit seizing signal, and a terminal
proceed-to-send signal if it receives a terminal seizing
signal.

All the operations and international signals, as they occur
for the establishment of two-link transit connections with
each signalling system, are shown diagrammatically in
Figs. 4 and 5.



Control of the Registers.

When their functional control of route selection and
digit sending is completed, the registers must release and
allow speech conditions to be established. It-follows that
the outgoing register must know when its function has been
completed, and since all European national numbers will
not comprise a similar number of digits—those of the field
trial countries possess a varying total not exceeding 10—it
is necessary for the operator to send a signal indicating to
the outgoing register that all the numerical information
has been keyed. This signal, which may be keyed directly
or obtained indirectly by the action of restoring the keyset
connecting key, informs the outgoing registers not to expect
any further digital signals and enables them, by counting,
to determine when their sending function is completed.
Before releasing, the outgoing register converts the
“keying finished” signal and sends it forward in V.F. form
as the “end-of-impulsing” signal to indicate to the incoming
terminal register, and the transit register in the case of the
single frequency system, that no more digits are to follow.
The 2 V.F. transit registers regularly receive only the two
digits of the code of the wanted country and, therefore,
do not need to receive an end-of-impulsing signal.

No physical reason prevents the registers in either system
from being arranged to commence their function before they
receive the keying finished or end-of-impulsing signal.
Although there are possible advantages in this arrangement
for incoming registers, it is preferable, to avoid taking the
international circuits and common apparatus into use
unnecessarily on abandoned calls, that the originating
registers should not commence their routing or digit sending
function until keying is completed. Under full antomatic
working, i.e. subscriber-to-subscriber dialling, it may not be
practicable to provide the outgoing register with a signal
from subscribers’ dials to indicate that all the digits have
been dialled. An alternative method, which might be
adopted, is to arrange for a signal to be returned from the
incoming country to indicate when selection has been com-
pleted. The outgoing register having received this signal
would know that all the necessary digits had been sent and
it could then release. Provision for such a signal has been
made in the 2V.F. signalling code and is termed the “end-of-
selection’” signal. Although the end-of-selection signal is not
essential under semi-automatic operation it has other useful
applications. It may be used to provide a supervisory lamp
signal to the outgoing operator to indicate the state of the
call in the absence of an international ring tone signal which,
as explained later, may not always be returned from the
incoming country. It may also be used to bring about the
establishment of speech conditions at the outgoing terminal
exchange. Where such a signal cannot be obtained from the
national network it can be produced artificially when the
incoming terminal register releases after having completed
its function.

Language Discrimination.

The language to be used between operators is that agreed
upon between Administrations for the particular route. It
follows that an Administration may have a number of circuit
groups coming from different countries on which different
service languages are used. Since the origin of the traffic is
not always known, e.g. the call may have been routed via
an international transit exchange, some means must be pro-
vided to indicate the service language to be spoken by the
operator answering the call. To provide this facility it has
been arranged that an extra digit indicating the service
language shall be sent on all connections. This language
digit can be determined automatically by the outgoing
- register from an analysis of the wanted-country code or from
the identity of the circuit concerned if the international

circuit is directly accessible from the manual board multiple.
In London, where only two service languages are used, i.e.
English and French, the language to be spoken by the
incoming operator is indicated by the lighting of one of two
calling lamps as determined by the language digit. On calls
which are switched automatically at the incoming inter-
national terminal exchange, the language digit is stored, and
used as described above if an assistance operator is called
into circuit by means of the “forward transfer” signal.

The Problem of Service Tones.

When the transmission circuit is completed after the
registers are released, controlling operators will receive any
audible tones such as “Ring tone,” “Busy tone,” etc., which
may be originated on the international route or in the
incoming country to indicate the result of the selection.
With the various types of national switching systems in use
in Europe, however, the audible tones vary both in frequency
and in cadence, and it is not unlikely that controlling
operators may fail to recognise a proportion of the tones they
will receive under semi-automatic working conditions. In
an attempt to find a solution to this difficuity the C.C.1.F.
has recommended the use of international signals for the
“Ring tone” and “Busy flash” conditions. The intention is
that ringing and busy conditions in the incoming country
shall be detected at the incoming international terminal
exchange and be made to initiate the transmission of the
corresponding signal over the international line. At the out-
going international terminal exchange the receipt of either
of these signals may be used to cause a corresponding super-
visory lamp signal to be given to the outgoing international
operator. Thus any operator who was in doubt as to the
significance of a tone would be able to identify the tone by
means of the lamp signal. It should be mentioned, however,
that the conversion of national tones into international
signals presents many problems, especially if the national
tones vary both in frequency and level, and it may be that,
initially at least, some countries will be unable to return the
international tone signals. It has been agreed that, with
the 2V.F. system, all countries which are unable to return
international ring or busy tone signals will invariably return
the end-of-selection signal.

Assistance Facility.

If the outgoing operator experiences language difficulties
with the called subscriber or needs an explanation of the
significance of a service tone or audible announcement she
is able to bring about the intervention of an assistance
operator on the line at the incoming international terminal
exchange. This is effected by the operation of a key which
causes a forward transfer signal to be sent, the receipt of
which at the incoming international terminal exchange will
call the attention of an operator by a flashing lamp signal.

The forward transfer signal may also be used for recalling
the operator at the incoming international terminal
exchange on calls whith are routed via the manual board at
this exchange.

Numbers used for calling Operators at the Incoming Inter-
national Terminal Exchange.

To set up a call to a group of incoming operators at the
incoming international terminal exchange, the following
information will be keyed in the order stated below:—

(@) . International code of the country of destination (may
be omitted where access to the circuit used is obtained
direct from the multiple jack).

{(0) The language digit, if not sent automatically by the
outgoing register.

(¢) The operator code, Code “11” of the binary series of
digits.

(d) The end-of-keying signal.
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To call a particular operator at the incoming international
terminal exchange, a similar procedure to that described
above will be followed with the exception that Code “12”
and the required operator’s position number will be keyed
instead of Code “11.”

Access to a particular group of operators can also be
-obtained by using Code ““12” followed by digits assigned
and agreed upon by the relative Administrations to route
the call to the appropriate group of positions.

Alternative Routing—Route Indication.

With automatic alternative routing the outgoing operator
will not normally be aware of the actual route taken on any
particular call and it may be desirable for accounting pur-
poses, i.e. the apportionment of call revenue amongst the
countries the call traverses, to determine the route taken and
display this information to the operator so that it can be
entered on the call ticket.

It would be possible in both signalling systems to arrange
for the outgoing register to pass a signal to the operator
indicating whether the first, second or third choice outgoing
route had been taken, and this information, if considered in
conjunction with the country code keyed by the operator,
could be used to determine the actual route taken. Where,
however, alternative routing is used at a transit switching
centre, further information is required by the outgoing
register to indicate the actual route taken from the transit
exchange towards the country of destination. A ready
means of providing this information exists in the 2V.F.
system because, with this system, the outgoing register
retains full control of the routing up to the incoming inter-
national terminal exchange and receives a transit proceed-
to-send signal inviting the country code each time the call
reaches a transit switching centre. Thus, if only one transit
proceed-to-send signal is received by the outgoing register it
may be assumed that a direct route between the transit
exchange and the incoming international terminal exchange
wasused. If two transit proceed-to-send signals are received,
then the call must have taken an indirect route from the
first transit switching centre. In the London field trial
equipment the choice of outgoing route and the number of
transit proceed-to-send signals received is displayed on a
panel of lamps. A subsequent reference to a record of the
physical routings gives the identity of the actual route taken.

Supervision. of the Called Party.

The controlling operator at the outgoing international
terminal exchange will obtain direct supervision of the
called subscriber’s switch-hdok on calls completed auto-
matically at the incoming international terminal exchange.
On calls routed via an operator at the incoming international
terminal exchange, such direct supervision will be obtained
only where through-signalling facilities are provided on the
incoming “B” positions. Where these facilities have been
provided the controlling operator will obtain a supervisory
lamp signal when the incoming operator answers the call
and a clearing signal when this operator goes out of circuit.
She will subsequently obtain supervisory lamp signals when
the called party answeis and clears. These supervisory
facilities are available in both signalling systems, but in the
case of the single frequency system, where the backward
clearing signal comprises a continuous succession of pulses,
arrangements must be made to remove thebackward clearing
signal before speech conditions can be established on
re-answer.

Route Congestion at Transit Switching Centres.

When setting up connections under international auto-
matic alternative routing conditions, the ,controlling
operators can receive no indication if congestion is encoun-
tered until the registers have tested all available routes.
This applies similarly in both systems and if all circuits from
the outgoing terminal exchange are busy, the terminal
register releases and the operator receives her own national
“busy”’ indication. If route congestion occurs at an inter-
national transit exchange, however, a verbal announcement
giving the name of the town concerned is heard by the
originating operator. In the 2V.F. system the outgoing
terminal register is awaiting a proceed-to-send signal at this
stage and needs the receipt of a signal to bring about its
release and establish the speech path. The Busy signal (CX)
is used for this purpose, being transmitted from the transit
exchange when the transit register releases on finding the
outgoing circuits busy, and with the release of the registers
the controlling operator receives any audible indication
given from the transit exchange. The receipt of the Busy
signal in conjunction with the route indicator provides the
opportunity, if desired, to give the controlling operator a
visual indication of the point at which the congestion occurs
and, during the field trials, connection to verbal announce-
ment and to the Busy tone of the country concerned are to
be tried out as alternative arrangements in the 2V.F. system.

CONCLUSION

It has not been possible within the space available to do
more than outline the principal facilities required for an
international semi-automatic signalling system and to indi-
cate the basis on which the field trial equipment has been
designed. The equipment for the London centre, which
contains many unique features, including provisions for
detecting signalling failures automatically, has been devel-
oped in close co-operation between the British Post Office
and its telephone manufacturers through the machinery of
the British Telephone Technical Development Committee.
Auxiliary test equipment,5 designed and constructed by
the Telephone Branch of the Post Office, E.-in-C.’s Office,
is also provided for checking the timing and identity of
the voice-frequency signals. Close attention has been given
by the C.C.I.F. to the general organisation for the conduct
of the trials® including the determination of the operating
methods to be employed, the preparation of standard forms
for recording observation results and the collection of
statistical information.” In addition it has been necessary
to formulate a new procedure for the maintenance of the
international semi-automatic circuits, including a general
broad classification of faults on a functional basis, thus
permitting an analysis of faults to be made irrespective of
the type of equipment employed.8
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Test Equipment for the London Centre of
the C.C.LF. Field Trials of International

Semi-Automatic Telephone Operation

U.D.C. 621.395.35: 621.395.364: 621.317.34

A. W. BATES, AM.LEET

This article describes test equipment designed for use on the infernational semi-automatic field trials, which enables sent or received

V.F. signal sequences on any circuit to be observed and a check made that the signals fall within prescribed limits. The main equipment,

known as a Call Progress Indicator, incorporates electronic timing circuits for measuring the lengths of the V.F. signals, this information

being automatically displayed by lamps. Other test equipments enable traffic observations to be made on outgoing calls and give
facilities whereby engineering officers can check the signals on incoming calls.

INTRODUCTION

ITH the object of economising in costly line plant
\ ;\ ; by providing a more rapid service, semi-automatic

working has been introduced experimentally on a
number of international circuits previously controlled on a
generator-signalling basis. A description of two systems,
which conform to C.C.I.F. signalling recommendations, has
been the subject of an article in this Journal! and an
experimental installation of 2 V.F. and 1 V.F. signalling
equipment has now been completed to obtain information
on numerous administrative and engineering problems, and
to help in assessing the merits of the two signalling systems.

Before electrical signalling methods were applied to com-
munications, ingenious attempts were made from time to
time to provide rapid transmission of information between
widely separated places, but delays and difficulties in
deciphering the signals set a limit to the distance over which
an intelligible message could be directly received. To extend
this limit without impairing intelligibility has been the
constant aim of communication engineers, and electrical
development has been so great in recent years that it is now
possible to signal over any distance with negligible error, the
limiting factor being principally that of cost. With the
extension of automatic principles to international teléphone
communication, greater expenditure on the reduction of
signal distortion, which is a major cause of error, is justified
by the high cost of international circuits. Signal distortion
can now be specified to close limits which are both practically
and economically attainable, the closeness of the limits
depending to a great extent on the means available for test-
ing and correcting the performance of the signalling
equipment. The maintenance aids described in this article
were developed for achieving the necessary standard of
accuracy by monitoring and measuring the many signals
concerned.

OBJECTIVES AND METHODS ADOPTED

The function of a V.F. signalling system, when used for
semi-automatic telephone operation, is to convert the D.C.
conditions, which arise as a result of the actions of the
operator originating a call or a person answering a call, into
voice frequency signals for transmission to the distant end
of a circuit where they are detected and converted back to
the appropriate D.C. conditions. It follows, therefore, that
a reliable indication of the functioning of the signalling
equipment, and indeed the progress of the call to its destina-
tion, can be obtained by observing the succession of V.F.
signals sent or received over a line.

To ensure that the signals are recognised correctly at the
distant end of a line, they must possess well-defined
characteristics, particularly with regard to frequency, level
and duration, and, therefore, any equipment which is
designed to observe line signals should be capable of check-

1 Assistant Engineer, Telephone Development and Maintenance
Branch, E.-in-C.’s Office.
1P.O.E.E.]., Vol. 45, p. 120.

ing not only the correct sequence of signals but also their
essential characteristics. Such an equipment would have an
added value if it could be made to indicate whether the
durations of the signals were within certain defined limits,
since the knowledge that the length of a signal was close to
the permitted limit might enable the testing officer to
anticipate the development of a fault and take action to
prevent it.

Testing and Engineering Observation Equipment.

Equipment which fulfils the requirements already out-
lined has been developed for the international semi-
automatic field trials, enabling ‘the signalling sequences on
any selected circuit to be observed and, on call failure,
indicating the stage at which failure occurred. The control
panel on which the signalling sequences are indicated has
become known as the Call Progress Indicator and is
mounted on the trunk test rack to be readily available to
the testing officer. Two Call Progress Indicators have been
provided at the London Centre, one for use with the 2 V.F.
signalling system and the other with the 1 V.F. signalling
system.

The usual procedure for testing the signalling performance
of automatic equipment is to apply signals of a known
length approaching the limits of the specified duration and
by this means it is possible to ascertain the state of the
adjustment of the automatic equipment. In Great Britain
this facility is usually incorporated in the routiners or testers
used for checking the performance of the various items of
equipment, but since it is doubtful whether, owing to the
small amount of equipment involved, testers will become
available generally throughout the European Field Trials
Network, it was considered advisable to develop a signal
generator capable of generating any signal or sequence of
signals, including numerical signals in the form of test
numbers.

Transmission Testing.

With manual working, periodic speech tests can be made
on international lines from the multiple jacks at each end of
a circuit, but this facility may no longer be available with
automatic working, where the two ends of a circuit may
terminate on switches. The need, therefore, arises for a
means of testing the transmission conditions of inter-
national lines, preferably without co-operation at the distant
end of the circuit. In addition, the desirability of reducing
the time during which international circuits are taken out of
service, owing to faults or maintenance attention, justifies
the use of automatic transmission testing methods, and two
such methods have been recommended by the C.C.LF.
for trial.

_The first method consists of looping the “go” and
“return” channels at the incoming end of an international
circuit in the idle condition so that a test signal applied to
the “go” channel at the outgoing end can be measured on
the “return” channel at the same end. The disconnection of
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the loop at the incoming end will take place on receipt of a
seizure signal. Certain precautions fnust be taken with this
method of testing to ensure that any part of the seizure
signal which passes round the loop and is returned to the
outgoing end before the loop can be cut is not recognised as
a signal at the outgoing end. The limitations of this method
are that only the four-wire part of the circuit can be tested
and that the “‘go”” and ‘“‘return” channels cannot be tested
separately. It has, however, proved very useful for the

broad localisation of faults, such as distinguishing line faults -

from exchange faults, and for routine transmission testing.

The second method consists of the provision of an
automatic transmission measuring device at the incoming
exchange, to which access is obtained by keying a special
code over the circuit under test. A signal is returned to the
outgoing exchange when connection to the measuring device
at the incoming exchange has been effected and this causes
a test signal of 800 c/s at 0 db. to be sent over the circuit
under test for measuring by the receiving device at the
incoming exchange. If the level of the test signal thus
measured at the incoming exchange is within the prescribed
limits, a confirmatory 800 c/s test signal at 0 db. is returned
and measured automatically at the outgoing end. If the
level of the test signal received by the incoming exchange is
outside the prescribed limits or is not received, a special
signal is returned, indicating that the “go” direction of
transmission is unsatisfactory.

The advantage of this method is that each direction of
transmission can be tested separately between the two-wire
ends of a circuit, but this advantage is lost when a “‘go”
direction transmission fault is sufficiently severe to prevent
the setting-up signal from preparing the measuring equip-
ment. :

Service Observation Equipment.

To obtain a comprehensive picture of the quality of
service provided by the semi-automatic international equip-
ment, service observations are required at the outgoing
international exchange on such conditions as the accuracy
of operators’ keying, the speed of setting up calls and the
occurrence of service difficulties. It is also desirable to
observe the progress of the call at the point of entry into the
incoming national network at the international terminal ex-
change, so that the proportion of failures due to the national
and international equipments may be separately assessed.

To provide such information, two different types of
equipment have been developed. The outgoing observation
equipment is arranged to display the digits keyed by the
operator and to record the supervisory and route-indicating
signals received on the circuit under observation. The
incoming observation equipment, which is transportable and
designed for use in the apparatus room, displays all the
numerical digits pulsed into the national network from the
incoming register.

LisT oF SIGNALS

The signals used in the two international systems are
shown in Tables 1-4, so that the subsequent details of the
facilities provided by the Call Progress Indicators may be
more readily appreciated.

2 V.F. Signals.

Line signals, which are of single- or double-element form,
are shown in Table 1. The numerical digits and certain
inter-register signals are sent in the form of four-element
combinations of X or Y frequencies, their arrangement
being in binary order, as shown in Table 2.
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TABLE 1
2 V.F. Signals, Except Binary Code Signals

Forward Direction Backward Direction
Signal Signal
Function elements Function elements
Terminal seizure CX Terminal proceed to send X
Transit seizure CY Transit proceed to send Y
Forward transfer PXX* | Terminal acknowledgment
of digits See
Forward clear PYY* | Transit acknowledgment of [ Table 2
digits
End of selection C
Busy flash CX
Ring tone CY
Answer PY
Backward clear PX
Release guard PYY*
Blocking PX
EXPLANATION:
Nominal  Sending
Symbol Frequency Description  Length  Tolerance
(m3) (mS)
C 2,040 4- 2,400 c/s  Short prefix 50 + 10
“‘compound”’
P ditto Long prefix 160 4 40
X 2,040 c/s
Y 2400 ¢ /s} Short suffix 80 + 20
X i g;:} Long sufix 300 + 60

* In the case of long suffixes only, it should be noted that XX or
YY is a symbol for a continuous long pulse of tone, and not two
pulses separated by an interval.

TABLE 2
2 V.F, Binary Code Signals

Signal
Function Code* Notes
Digit 1 .. YYYX
Digit 2 .. YYXY
Digit 3 .. YYXX Receipt of every four-element
Digit 4 .. YXYY binary digit is acknowledged
Digit 5 .. YXYX  in the return direction by:—
Digit 6 .. YXXY X fortterminal acknowledg-
men
Digit 7 .. YXXX Y for transit acknowledg-
ment
Digit 8 .. XYYY
Digit 9 .. XYYX
Digit 0 . XYXY

Call to opérator .(.Code 11) XYXX
Call to particular opera-

11th binary combination

tor (Code 12) XXYY 12th binary combination
XXYXY 13th and 1l4th binary com-
XXXY [ mnations not used
End of impulsing XXXX 15th binary combination
YYYY 16th binary combination not,

used
EXPLANATION:
Nominal  Sending
Symbol  Frequency  Length  Tolerance
(m3) (mS)
X 2,040 cfs 25 4 5
Y 2,400 c/s 25 +5

* In the binary signal code combinations, each element is separated
from the next by a space of 25 4- 5 mS. The function of each X
element is to step the receiving distributor and also to operate a
storage relay haying the numerical significance of 8, 4, 2 and 1 in the
four columns respectively. Each Y element steps the distributor
without storing a digit. Thus, for example, code YXXY represents
04+ 442+ 0=06.




1 V.F. Signals.

Line signals, which with the exception of ‘“‘backward
clear” are of single- or triple-element form, are shown in
Table 3. The numerical digits and certain inter-register
signals are sent in the form of six-element combinations of
tone and spdce periods. In each combination, the first and
last elements, which are tone and space respectively, provide
the start-stop feature familiar in telegraph practice. Start-
stop working is necessary in the international 1 V.F. case, as
in telegraph signalling, because the receiving equipment
cannot respond if the first element in a signal is a space, as
this is no change from the idle condition. In telegraph
working, though not in the international systems, digits may
follow each other at irregular or arythmic intervals, an
arythmic code thus becoming synonymous with a start-stop
code.

TABLE 3
1 V.F. Signals, Except Arythmic Code Signals

Forward Direction Backward Direction
Function Signal Function Signal Code
Code
Terminal seizure X Proceed to send X
Transit seizure XX* Busy flash X .
Forward transfer X Ring tone XSX
Forward clear XXSXX* | Answer X
Backward clear XSSXSSX*....
(continuous)
Release guard XXSXX*
Blocking Permanent signal
EXPLANATION:
Nominal  Sending
Symbol  Frequency Description Length  Tolerance
(mS) (mS)
X 2,280 cfs Short tone element 100 4 20
XX* 2,280 c/s Long tone element 625 + 125
S Silent interval Short space element 100 4 20
SS*  Silent interval Long space element 300 + 50

* In the case of long elements, it should be noted that XX or $S
is a symbol for a single continuous element.

TABLE 4
1 V.F. Avythmic Code Signals

Signal
Function Code Notes
Digit 1 .. XSSXXS
Digit 2 .. XSXSXS
Digit 3 .. XSXXSS In every code, the first
Digit 4 .. XXSSXS element (X) is the ‘‘start”
Digit5 .. _ XXSXSS element, and the last (S) is
Digit 6 .. XXXSSS the “stop” element.
Digit 7 .. XSSSXS
Digit 8 .. XSSXSS
Digit 9 .. XSXSSS
Digit 0 .. .. .. XXSSSs
Call to operator (code 11) XXXXSS 11th combination
Call to particular opera-
tor (code 12) . XXXSXS 12th combination
XXSXXS 13th combination not used
XSXXXS 14th combination not used

End of impulsing XXXXXS 15th combination

XSSSSS 16th combination not used
EXPLANATION:
Nowunal  Sending
Symbol Frequency Length  Televance
(mS) (mS)
X 2,280 c/s 50 + 10
S Silent interval 50 + 10

CaLL PROGRESS INDICATOR
Facilities Provided.

Both the 2 V.F. and 1 V.F. Call Progress Indicators,
which in function and appearance resemble each other
closely, provide the following facilities:—

Measurement of line signals.

Tolerance indication.

Decoding and display of line signals.

Measurement of numerical digits.

Display of numerical digits.

Cancellation of display by succeeding signals.

Voice immunity.

Manual control for fault tracing.

Use as general-purpose millisecond-meter (2 V.F. equip-

ment only).

The facilities are discussed in the following paragraphs.

Measurement of Line Signals.—In signalling systems
which use signal elements whose only distinguishing features
are differences in length, the need for accuracy in both
sending and detecting these léngths is clearly important.
The mechanical and electrical characteristics of the equip-
ment through which the signals pass, from their generation
to their detection, may cause unavoidable distortion of
signal element length, and, although signalling circuits are
designed to work reliably so long as these distortions are
small, an ample margin of safety between long and short
elements must be maintained if trouble-free operation is to
be assured. *

To enable a close check to be kept on the lengths of all
signals sent or received, each Call Progress Indicator has
two identical timing circuits, operating from a 1,000 c/s
source, which in the 2 V.F. case are used to measure prefix
and suffix elements respectively. In the 1 V.F. case, where
some signals consist of three elements (see Table 3), con-
ditions are less straightforward. One timing circuit is used
to measure the first signal element, and the result is rapidly
transferred to a relay storage group during the space
element, which is measured by the second timing circuit.
The first timing circuit is then released in time to measure
the third signal element, should one arrive. As the indicator
cannot foretell whether a signal will be of one- or three-
element form, it is prevented from decoding a signal or
accepting a new one until either a third signal element has
arrived within a certain time limit, or a maximum space
element timing period has elapsed.

Timing is started automatically as each signal arrives, and
the length of each element in milliseconds appears on a
lamp display when the signal ends.

Tolerance Indication.—As it is easier, at a quick glance, to
recognise the colour of one lamp than to appreciate the
numerical significance of several, the test clerk is relieved
from the necessity of reading the exact length of each signal
in milliseconds by the tolerance indication display, which
appears simultaneously with the millisecond display. If the
measured elements are within the tolerances listed in
Tables 1 and 3, a green lamp is lit; if too long or too short,
other colours are used and an alarm is given.

Decoding and Display of Line Signals.—All V.F. signals
transmitted on the “go” or “return’ pairs of any selected
international circuit are decoded and displayed so that the
test clerk has an immediate indication of the stage reached
during the progress of the call.

Measurement of Numerical Digits.—Since at least eight
numerical digits may be expected on international calls, the
number of constituent elements in the 2 V.F. case could be
32 or more. The cost and complication of providing
apparatus to display the measured length of each element
would be out of all proportion to the value of the result,
particularly as it is relatively unimportant in the 2 V.F.
system if the numerical signal elements are longer than
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nominal. It was therefore decided that, because the
nominal lengths of the tone and space elements are the
same, a simple and useful check would be obtained if all
elements in a train of digits were compared alternately with
two timing circuits, each set to the same minimum length,
and one triggered by the start of a tone element and the
other by the start of the following space element. By this
means, an indication and alarm are given if any element
finishes in less than the minimum period.

The 1 V.F. arythmic numerical code (Table 4) differs
from the 2 V.F. binary code (Table 2) in that tone and space
elements follow alternately in the binary code, but tone
elements (or space elements) may appear consecutively in
the arythmic code. The previously described method of
measuring the 2 V.F. elements is thus not suitable for the
1 V.F. case, since comparison of the 1 V.F. elements with a
fixed minimum reference length is not possible. Instead, a
test is made in the following manner to determine whether
the instants at which the numerical elements change from
tone to space, or space to tone, occur during the regularly
recurring time-limits of 40-60 mS, 90-110 mS (etc.) after
the commencement of the start element. An alarm circuit
for detecting the operation or release of a relay contact is
connected to the V.F. receiver contact which responds to
the numerical elements. Also, the arrival of each start
element triggers a timing circuit which generatés, until cut
off by the succeeding stop element, a train of pulses for
making the alarm circuit_inoperative for periods of 20 mS
in every 50. In this way, numerical elements arriving at
true nominal speed move the impulsing contact from its
space to its tone position, or vice versa, in the centre of each
“alarm disconnected” period, i.e. every 50th mS, as illus-
trated in Fig. 1, and no alarm results, If, however, the

DIGIT |
START STOP
’ELEMEN'IIZ SPACE Eumuslzm ELEMENTS [ELEME
“gngéADL (Tous)‘ | (SPACE)
~~INo ALARM
FAST
b
™——ALARM GIVEN
SLOW
L CONNECTED ALARM GIVEN
ALARM |  #] LL-DISCONNECTED - L
oreut [ Y17 T M M X20mS TOLERANCE
x x x X x PERIODS DURING WHICH
PR Y U P P P U P P Y P R+ 00,
] 50 250 300
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MILLI SECONDS
F16. 1.—SPEED-CHECKING ARRANGEMENT FOR 1 V.F. ARYTHMIC
CODE SIGNALS.

incoming elements are faster or slower than nominal, the
time-displacement between them and the generated refer-
ence pulses becomes cumulative, and eventually, if the out-
of-synchronism or distortion exceeds the -4- 10 mS tolerance,
the impulsing contact moves while the alarm is connected,
and an alarm is given.

Dispiay and Cancellation of Numerical Digits.—All
numerical digits received or sent in V.F. pulse form are
decoded, stored on relays and displayed as illuminated
figures on a ground-glass screen.

To save the test clerk from continuous manual operation
of the Call Progress Indicator, the measurement and decod-
ing lamps remain lit only until a new signal arrives, when
they are extinguished automatically and the new signal is
displayed. Signals are unlikely to follow each other so
closely as to make displays unreadable, but to prevent this
possibility a key is provided by which the test clerk can
prevent the indicator from accepting any new signals
should he desire to study a display without interruption. If
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required, the release guard signal will automatically reset
the whole indicator on completion of a call, and thus provide
continuous monitoring.

Voice Immunity—As the V.F. signal receivers which
respond to forward and backward signals are conmected
continuously across the “go’” and “‘return” pairs of the line
under observation, an occasional false operation of short
duration, due to speech, is difficult to avoid. It is therefore
necessary, when speech conditions are established, to dis-
connect the circuit which responds to short signals, e.g.
numerical and acknowledgment signals, and reconnect the
normal line signal decoding circuit.

Manual Control for Fault Tracing.—If a fault develops
on the Call Progress Indicator, fault localisation is made
easier if the electronic timing circuits and pulse counting
relays are operated at a speed which can be followed by eye.
By using keys mounted near the circuits concerned, the
1,000 c¢/s supply is disconnected and pulses can be generated
manually as slowly as required so that the behaviour of
various stages of equipment may be observed. Small neon
tubes in each of the binary counting stages indicate visually
the number of pulses that have been stored.

Use as General-Purpose Millisecond-Meter.—The electronic
timing circuits are suitable for measuring pulses from
external sources, such as the operate or release lags of relays,
so a key has been provided to switch the timing circuits to
input terminals on the rack, and to disconnect all the Call
Progress Indicator equipment except the timing display
lamps, and their contfolling relays.

Destgn Principles.

The block schematic diagrams (Figs. 2 and 3) illustrate
the general similarity between the 2 V.F. and 1 V.F.
Call Progress Indicators. In either case, V.F. receivers
are connected in parallel with the “go” and “return”
pairs of an international circuit by the insertion of two
plugs into monitoring jacks on the test desk. One
receiver controls the signal-measuring and decoding circuits,
while the other controls a decoding circuit only, so that by
appropriately inserting the plugs the test clerk can measure
either forward or backward signals, but can decode all
signals.

The electronic timing circuit uses the principle of counting
the number of regularly recurring pulses of known length
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generated by a free-running oscillator between the instants
at which the signal to be measured starts and ends. In
deciding on a suitable oscillator frequency, the degree of
precision required in the signal measurement has had to be
weighed against tHe difficulty of counting the pulses, and a

1,000 c/s source, with an absolute accuracy of better than
one part in a million, has been chosen so that measurements
can be made to the nearest millisecond. The arrival of a
signal to be measured causes a gate valve to pass a pulse
every millisecond from the oscillator to four pairs of count-
ing valves arranged in binary order (Blocks B, C, D, E in
Fig. 4). One valve of each pair is normally conducting and
the other not conducting, and a change in the conducting
conditions occurs with the registration of every 1-mS pulse
by the first pair; with every second 1-mS pulse by the second
pair; with every fourth 1-mS pulse by the third pair; and
with every eighth 1-mS pulse by the fourth pair. As long
as the signal persists, the valves continue to count the 1-mS
pulses, restoring to normal after every tenth pulse, then
starting afresh. When the valves restore at every tenth
millisecond, a pulse is passed to a high-speed relay counting
chain capable of storing nine such pulses. At every
hundredth millisecond, the high-speed chain restores and
Ppasses a pulse to a group of 3,000-type relays, so that signal
measurements in hundreds and tens of milliseconds are
stored on relays. The units milliseconds are stored on valves
and are transferred by relays to the display when the signal
ends.

To reduce the amount of maintenance required, uni-
selectors have been sparingly used. Three are necessary as
numerical digit and acknowledgment signal distributors on
the 2 V.F. equipment, where provision is made for receiving,
decoding and storing a maximum of 60 numerical elements
at 50 mS intervals (i.e. 15 digits). The 1 V.F. equipment
requires only two uniselectors, in the digit distribution and
arythmic code checking circuits.

When locating faults on the international equipment, the
test clerk occasionally requires V.F. signals for testing
various 01rcu1t functions. It would be unsatisfactory to rely

on incoming signals for this

\ purpose, so both 2 V.F. and

]‘[1

1 V.F. signal generators have

c D

] been provided on the Call
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1000 c/s
INPYT

PULSE SHAPING]
AND

: o

GATE VALVE
A STAGES

SIGNAL

AAAA
myyy

1ST. BINARY COUNTING STAGE
TRIGGERED EVERY (mS

2ND. BINARY J.

COUNTING STAGE

(SMLAR TO 8)
TRIGGERED
EVERY 2mS$

3RD. BINARY
COUNTING STAGE
(SIMILAR TO B)
TRIGGERED
EVERY 4m$

J

4TH. BINARY |
COUNTING STAGE]
(SMLARTO B)
TRIGGERED
EVERY 8mS

RESET
AT START
OF NEW
SIGNAL

-
VALVES FOR

INPU | CONTROLLING

Fic. 4.—SIMPLIFIED Brock ScHEMATIC DiacraM OF ELEcTRONIC TiMING CIRCUIT FOR

\

RESET LEAD
AND

STAGES AGH/

10th.mS

AAAA
v

HALF OF DECODING
STAGE FOR UNITS mS
(IOENTICAL WITH G)

their control panels mounted on
the trunk test racks. By this
means, the test clerk has all
line signals and some trains of
numerical signals immediately
available, and if specially strin-
gent tests are required, the
length of the signals can be
easily altered at the control
panel and measured on the Call
Progress Indicator timing equip-
ment before being put to use.
The 2 V.F. and 1 V.F. signal
generators are similar and each
consists of two interconnected
valve timing circuits whose time-
constants can be adjusted by
remotely situated potentio-
meters. The main difference is
that, whereas the 2 V.F. circuit
has to produce either one or
two elements (prefix and suffix),
the 1 V.F. generator timing
circuit which produces the tone
elements may have to be used
twice in rapid succession if the

TOHIGH-SPEED ) !
o] RELAY signalis of the ““tone-space-tone”’
! ™ COUNTING et
QUTPUT STAGE CHAIN variety.

1 OPERATES EVERY I0mS

MEeasURING 1 V.F, AND 2 V.F. SIGNALS.

A mains-driven power unit is
mounted on the rack to provide
6-3 V A.C. and stabilised +- 100V
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and — 100 V D.C. for the timing circuitsand signal generator.
Voltage regulation is achieved by an arrangement of the
hot-valve series-pentode type.

Potnts of Circuit Interest.

Because of the large number of 1-mS pulses which
have to be counted during signal measurement, the
chains of relays for counting the tens and hundreds
of milliseconds are necessarily long, but the circuits
have been designed to economise in relays wherever
possible. For example, 18 high-speed relays in nine two-step
pairs for counting the “‘tens of milliseconds” pulses, as
mentioned in the previous sub-section, have been reduced
to ten relays by using only four two-step pairs with another
common pair for pulse-dividing (see Fig. 5). In this way, the
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condition of the two-step pairs indicates the signal length to
the nearest 20 mS, which is subdivided by the pulse-divider
relays to the nearest 10 mS.

When the 1 V.F. “hundreds of milliseconds” counting
circuit was being designed, the original intention was to use
the same circuit as in the 2 V.F. case, but the 1 V.F. equip-
ment requires three counting chains, all longer than the two
used in the 2 V.F. equipment. The circuit was, therefore,
changed, with the result that 35 less relays were required,
and a simple method of operating 3,000-type relays, with an
operate lag of 256 mS approximately, from short pulses of
about 5 mS was introduced. In the 2 V.F. case, high-speed
relays arranged in two-step pairs were used with 3,000-type
relief relays, partly to keep the “tens” and ‘“hundreds of
milliseconds’ counting circuits identical, but chiefly because
the operating pulses, although occurring at 100-mS intervals,
were too short to operate 3,000-type relays directly. This
relay arrangement did not appear unduly complicated when
originally designed because only two groups (for prefixes and
suffixes) were needed, and neither exceeded four stages
(400 mS); but for 1 V.F. signals, consisting of three elements
of which two could reach 700 mS, the number of relays for
counting the “hundreds of milliseconds” alone would have
totalled 56. With the circuit, shown in Fig. 6, for counting
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the “hundreds of milliseconds” pulses {of 5 mS duration
every 100 mS), a common high-speed relay operates on
each pulse, then locks to maintain an operating path for a
chain of 3,000-type relays until full operation of the first of
these releases the high-speed relay. Flux reversal in the
high-speed relay ensures its release if it has not already done
so during the transit time of the 3,000-type relay changeover
contact. Three “hundreds of milliseconds” counting chains
using this circuit require only 21 relays for counting seven,
four and seven pulses respectively.

OUTGOING OBSERVATION EQUIPMENT

This equipment (Fig. 7), which works on the exchange
50 V negative and positive supplies, has been mounted on a
rack in the switchroom in which the international semi-
automatic calls are handled, and for that reason has been
made noiseless in operation by use of relays and valves. It
provides operating information, on a lamp display, to an
observation operator at a switchboard position adjacent
to, and sharing the same multiple as, the regular operating
positions. The following facilities are provided:—

-
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International circuit free or busy indication.

Reproduction of originating operator’s calling super-
visory lamp signal.

Indication of the numerical digits keyed by the operator.

Reproduction of the route indication display.

Listening circuit for monitoring the setting-up of the
call and subsequent conversation.

The observation operator has a plug-ended cord for
connecting the observation equipment to any outgoing
international circuit in parallel with the cord circuit of
the operator who is setting up the call. Two valves, biased
to different potentials, are connected to the sleeve of the
plug for detecting the ‘“circuit free” and “calling super-
visory” conditions respectively. Seven valves are connected
to the tip and ring conductors for detecting the various
combinations of light and heavy positive and negative
potential which actuate the sender when the operator keys
the international number. These valves also detect the
potentials which are returned from the sender to operate
the display which informs the operator of the route chosen
by the automatic apparatus. An amplifier also is connected
to the tip and ring wires so that the observation operator
can listen on the circuit with negligible effect on line
transmission, and by using a stop-watch, may obtain useful
traffic data on international semi-automatic working at
the originating point.

INcoMING OBSERVATION EQUIPMENT

This is a transportable equipment for use in the auto-
matic apparatus room, and displays on a ground-glass
screen the numerical digits pulsed out to the local network
when an incoming international call is being established.

The facilities provided by this equipment, which also
works on the exchange 50 V negative supply, are as follows:—

Detection of trains of “make” or “break’ pulses by
a valve-tapping circuit, without affecting impulsing
conditions in any way.

Storage and display of the numerical digits thus
detected.

Lamp indication when the called subscriber answers or
clears.

Automatic cancellation of the display when a new
incoming call is received.

The display and selector train can be held for fault-
tracing if required.

A listening circuit is provided to enable the user to
check that conversation has been satisfactorily
established.

The display is arrested if an open trunk or reversal is
encountered between the impulsing source and the
first transmission bridge, thus materially assisting
in localising such faults.

The equipment contains a valve circuit which responds
to the changes of potential on the negative wire during
impulsing between the incoming register and the selectors
in the national network. The impulses thus detected are

distributed by 3,000-type relays to 600-type storage relays,
which help to make the equipment compact. The required
subscriber’s number is pulsed out from the incoming register
in the form of trains of make impulses, which are converted
by an auto-to-auto relay set into break impulses for
operating the local selectors. The observation equipment
can if required be connected to either side of the relay set
and will accept make or break impulses by operating a key
appropriately; thus, observations can be taken either on a
particular international line, or on a particular selector.

If it is required to check the output from some impulsing
source not connected to an impulsing relay, a key may be
operated to replace the valve circuit by a suitably terminated
relay which responds directly to the loop/disconnect
impulses.

CONCLUSIONS

Since the international equipment was brought into
service, the 2 V.F. Call Progress Indicator has been used
for long periods and its precision measurements have helped
to trace several faults due to incorrect length of sighal
element, which otherwise might have proved difficult to
locate.

As many facilities as possible have been provided but, to
achieve reasonable circuit simplicity, several economies
have been made, such as the provision of only sufficient
equipment for measuring either forward or backward signals
but not both at once. Also, in the 2 V.F. case, a substantial
saving of equipment was possible by not measuring the
numerical acknowledgment signals, whose maximum
length is relatively unimportant, and which, if too short,
immediately announce the fact by interrupting the numeri-
cal display.

A traffic observer using a stop-watch with the outgoing
observation equipment has already obtained useful traffic
data, including for example the setting-up and clearing
times of the international automatic calls, while operators
under training have been helped by seeing the results of their
keying appear as a display of numerical digits. The
incoming observation equipment has satisfactorily displayed
many trains of digits without attention, and in the case of
an occasional misrouted call, has prevented much fruitless
search by indicating whether the international equipment
or the national network was at fault. It has also been
used extensively and found valuable in testing equipment
for national trunk mechanisation.
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Book Review

“Thermionic Valves.”” W. H. Aldous, B.Sc., D.I.C.,, AM.ILE.E,,
and Sir Edward Appleton, F.R.S. Methuen & Co., Ltd,,
London. 160 pp. 98ill. 9s. 6d.

The rapid development in the science of thermionic valves
has made it difficult for the engineer and student to keep abreast
in this sphere of knowledge. The latest edition of this book
fulfils the need for an up-to-date but simple exposition of
the theory and application of vacuum tubes and fully meets the
requirement that it should be of use to “‘the student of general
physics who has not made a special study of radio frequency
phenomena.” Its clear, straightforward presentation should

appeal to the engineer who finds that a return to fundamental
principles is necessary.

The brevity of treatment is compensated for by the inclusion
of a comprehensive bibliography, from which further informa-
tion can be sought. The chapters on valves for use at ultra-high
frequencies introduces the basic principles of electron transit
time effects and the utilisation of these in valves such as
Klystron, Magnetron, etc.

The book is an excellent foundation for a serious study of
vacuum tubes and a useful addition to the student’s library.

H.E. S
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A Combining Unit for Superimposing Two
Television Pictures on the Same Cathode

U.D.C. 621.397.62: 621.397.82

Ray Tube

D. WRAY, B.sc. (Eng.), AMIEET

Apparatus is described which can combine a television signal with any other waveform to give the visual effect of the two signals simul-

taneously, without the picture losing synchronism. This can be used to simulate the effect of various types of interference on television

pictures; if the equipment is employed to display a picture after transmission superimposed on the original picture, the delay of the
system is demonstrated by the displacement between the two pictures.

Introduction.
IT is often wuseful to have available for reference

photographs illustrating the many different types of

television distortion and interference that can arise from
time to time. The process of photographic reproduction, by

altering the contrast range of the original picture and by -

printing the image on a very much reduced scale, has the
effect of masking the visual effect of most forms of inter-
ference, and it hasbeen found necessary to inject interference
at a high level into an interference-free television signal to
achieve a distinctive result. This injected interference is
often sufficient to disturb the synchronism of the picture, so
producing a valueless photograph. Another requirement is
an illustration of two superimposed pictures with a short
delay between them to simulate the effect of reflections on
a received picture. In this case direct addition of the two
signals (the original and the delayed) does not give a
satisfactory result, for the picture monitor fails to synchro-
nise on the confused mixture of two sets of synchronising
pulses, each distorted by the presence of the other.

A unit has been made which can combine a television
waveform with any other waveform (e.g. an interfering
signal, or another television signal, or the same signal delayed
in time), combining the visual effect of both signals, but
without the original picture losing synchronism. Since such
a device can be used to superimpose two television pictures
which are identical except for the time delay between them,
the sent and received signal over a long-distance television
looped transmission system can be displayed simultaneously;
the delay between the signals is then evident in the displace-
ment of one picture relative to the other.

Requirements.

In the following description the interfering signal has
been taken to be another television signal identical to the
original but delayed in time; the arguments hold good,
however, for all types of interfering signal.

A train of television line waveforms, after reflection or
passing through a looped transmission system, is delayed bya
time which is not, in general, an integral multiple of the line
period. For example, the first line waveform in the picture
may, after transmission, correspond in time to the middie of,
say, the »nth line of the original, and should these two wave-
forms be added directly without any modification, the effect
would be as illustrated in Fig. 1. The unusual picture wave-
form has been chosen to emphasise two disadvantages that
would attend the direct addition of the two signals. The
first is that, should the synchronising pulse of the delayed
signal correspond to a period of black level in the original, a
spurious synchronising pulse would appear in the combined
waveform, as at “a”. The second effect is that any picture
detail eccurring in the delayed picture at the same time as a
synchronising pulse in the original will add to and distort
this pulse, as at “‘b”’. If either of these two effects is present
the synchronisation of the display monitor will be disturbed.

T Executive Engineer, Radio Experimental and Development
Branch, E.-in-C.’s Office.
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These undesirable consequences of direct addition can be
overcome by clipping the synchronising pulses from the
delayed signal, whereupon no spurious synchronising pulse
isintroduced into the combined waveform ; and by blanking
the delayed signal for a period corresponding to the
synchronising pulse in the original waveform, distortion of
the desired synchronising pulses in the final signal is avoided.
This is shown in Fig. 2. When the interference is a waveform
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A Telephone Transmission Reference

Circuit using Adjustable Interruption
Distortion

U.D.C. 621.317.74:621.3.094.3.

D. L. RICHARDS
and J. N. SHEARME+

Some methods of telephone transmission are being investigated which subject speech signals to various types of non-linear distortion.

The assessment of the usefulness of such systems is most easily made in terms of a reference circuit in which a distortion

similar to non-linear distortion provides the adjustable degradation. This article describes a reference circuit which has been used for
this purpose.

Introduction.

HE “goodness” of a telephone circuit is measured by
I comparison with a graduated scale forming part of

an adjustable reference telephone circuit, i.e. the
setting of the reference telephone circuit is noted, which
corresponds in effectiveness with that of the circuit being
measured. Such a direct comparison can be made sub-
jectively by conversing alternately over the two circuits
and adjusting the reference circuit until the effectiveness of
each is judged to be the same.

Usually, however, a less direct comparison is desirable
and some relevant measurement is made such as the pro-
portion of unrelated words which can be received correctly.
This measurement is made on the circuit under test and on
the reference circuit, the latter being adjusted until the two
measurements are equal. The actual proportion of words
received correctly is virtually an ‘“‘uncalibrated” reading
since different results would be obtained depending on the
skill of the subjects. The reading is transferred to a cali-
brated scale when the equivalent setting of the reference
circuit has been obtained.

The effectiveness of telephone circuits ranges widely. At
one end of the range there are those circuits so good that the
speech received over them is barely distinguishable from
that received over a direct air path; at the other end are
those so bad that a message can be transmitted only with
great difficulty and at the expense of much time. Between
these extremes are those commonly encountered where a
varying but not excessive amount of effort (particularly
mental effort) is necessary.

In view of this large range to be catered for it is not
surprising that more than one kind of relevant measurement
must be available. It is thus appropriate to assess very
good circuits by the criterion of “indistinguishability”;
medium circuits by criteria of intelligibility such as the
proportion of nonsense words correctly received, or the
proportion of simple sentences which are understood
immediately without mental effort (called the “immediate
appreciation”); and bad circuits by the time required to get
a given message across (or the number of messages trans-
mitted in a given time; this is termed the “message rate”).

Requirements of Reference Circuits.

A reference circuit must be easily specifiable in simple
objective terms and capable of adjustment over the whole
range of effectiveness. This implies that it must basically
be a very high-quality circuit (to cater for the “good” end),
but capable of being progressively degraded to complete
unusability. It has been customary in the past to assess
commercial telephone circuits in terms of the sensitivity
setting of a high-quality telephone circuit such as described
by Swaffield and De Wardt.! Assessment in this way in
terms of circuit sensitivity or faintness of received speech is
only appropriate if assessment is required under very faint
listening conditions. It is often more appropriate to use a
similar high-quality circuit degraded by the introduction of

T The authors are, respectively, Senior Executive Engineer and
Executive Engineer, Post Office Research Station.

random noise. If the noise is adjusted to the same shape of
spectrum as that of the speech, the signal/noise ratio is
particularly easy to specify as it is the same at all frequencies
within the speech frequency range (say, 50 c¢/s—8,000 c/s).
Such a circuit is useful for assessing telephone circuits used
under comfortably loud listening conditions. With such a
circuit assessment is made in terms of equivalent
signal/noise ratio in decibels.

THE REFERENCE DisTtorRTION CIRCUIT

Methods of telephone transmission in which speech is
subjected to non-linear distortion, such as ‘“clipping”, or
those using analysis-synthesis like the Vocoder,2 can be
assessed more easily in terms of a reference circuit which
makes use of a distortion, similar to non-linear distortion,
as its adjustable degrading feature. Such a circuit has now
been developed which distorts by interrupting the speech
path at a comparatively high frequency (500 c/s).? The
interruption is adjustable in its on/off ratio or speech-time
fraction. Thus 100 per cent. speech-time fraction means that
the speech is on 100 per cent. of the time and the circuit
is distortionless, but as the speech-time fraction is reduced
the circuit becomes progressively worse until at 20 per cent.
it is virtually unusable. Such a device has been used success-
fully for assessing telephone circuits in which the speech is
subjected to severe clipping.

It is, of course, desirable to know the ‘rate of exchange”
between adjustments of the various reference circuits. It so
happens that a rather simple relationship has been found
experimentally to exist between speech-time fraction and
equivalent signal/noise ratio so that assessments in terms of
one can be expressed also in terms of the other. This
relationship is that the signal/noise ratio in decibels is
proportional to log {p [ (1 — p)} where p is the speech-time
fraction. This is analogous to considering the “speech on”
time as signal power and the ‘“‘speech off”’ time as noise
power and then calculating the signal/noise ratio in decibels.

Characteristics of the Circuit.

The reference distortion circuit consists essentially of the
high-quality telephone circuit! containing an electronic
switch which makes and breaks the circuit in a specified way.
It has been found that this reference circuit is most suitable
when the make and break periods are irregular and have a
mean interruption frequency in the range 100 c/s to
1,000 c/s. Within this range neither the ‘“quality’’ nor the
severity of distortion vary very greatly with frequency. The
amount of distortion is however readily controlled by choice
of the speech-time fraction.

The irregular interruptions are controlled by a random
noise voltage which is obtained by amplification of the
noise e.m.f. developed in a thyratron tube. This noise has
(theoretically) a continuous flat spectrum, and to employ it
to control interruptions having a finite mean frequency it is
applied through a low-pass filter having a cut-off frequency
of 1 kcfs. The output from the filter is a random voltage
whose waveform cuts the zero axis at a mean rate of about
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1,150 times per second. A typical portion of this band-
limited waveform is illustrated in Fig. 1 (a).

The waveform is super- EXTERNAL

imposed on a steady C«%NTR(%L

voltage V, which may be
varied continuously over ]

a range of positive and iﬁ:
negative values, and the VAR ]

It can be seen that the input to the trigger exceeds zero for
most of the time, only becoming negative during occasional
large negative peaks of the noise voltage; consequently the
speech path is only rarely interrupted, and the durations of
the interruptions are short, i.e. the speech-time fraction is
large. If V, is progressively reduced, the frequency and
duration of interruptions increase until when V, is zero the
frequency reaches a maximum value of 575 interruptions
per second (i.e. half the mean rate at which the band-limited
waveform crosses the zero axis). Further reduction of V,
continues to increase the duration of interruptions, but the
frequency starts to decrease again. The state of affairs
when V, reaches a fairly large negative value is shown in
Fig. 1 (¢). The speech-time fraction can therefore be con-
tinuously varied over the whole range 0-100 per cent. by
suitable variation of 1.

It is an undesirable characteristic of the system that the
mean frequency of interruption changes as the speech-time
fraction is varied, but fortunately within the useful range of
speech-time fraction (say 10-90 per cent.) the mean inter-
ruption frequency only varies in the range 200-575 interrup-
tions per second and variations in this range have been
shown to be unimportant.

An important feature of the circuit is that a direct
indication of the speech-time fraction is easily provided.
The output from the trigger circuit is applied to a moving-
coil meter calibrated from 0-1 mA. The circuit is arranged
so that when the trigger output is low (speech path inter-
rupted) no current flows in the meter and when the trigger
output is high (speech path uninterrupted) the meter current
is 1 mA. Thus, if the trigger spends, say, 70 per cent. of the
time on the high position, the meter indicates a mean
current of 0-7mA, which is a direct reading of the
speech-time fraction.

Outline of Circuit Arvangements.

The circuit diagram of the switching apparatus is shown
in Fig. 2. The D.C. component (V,) of the input to the
trigger circuit VI, V2 is provided in one of three ways
selected by the switch SWA. The first 14 positions of this
switch provide the potentials required for fixed values of
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speech-time fraction from 15-80 per cent. in 5 per cent.
steps, position 15 connects a potential divider (RV1) giving
continuous control over the whole range of speech-time
fractions, and a further position enables an external control
to be used.

The cathode circuit of V3 contains the speech-time frac-
tion indicator; a smoothing circuit is interposed between
this valve and V4 so that the variations of trigger output
are averaged over a time of several seconds and the indicator
gives a steady reading.

The double diodes V5, V6 constitute the switch or
modulator, and the switching voltage is the difference in
potential between the cathodes of V4, V7. The speech
output is taken from the push-pull cathode followers V8,
V9. The output impedance is approximately 50 ohms and
the input impedance for both noise and speech paths is
600 ohms. The frequency characteristic of the speech path
is flat within +4- 1 db. from 50 c¢/s to 10 kc/s and the overall
gain of the speech path is approximately zero when the
path is uninterrupted and —50 db. when interrupted.

Performance of the Circuit.

Fig. 3 shows the percentage of sounds correctly received
by a trained crew over the reference distortion circuit
(sound articulation score) as a function of speech-time
fraction.
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F16. 3.—SOUND ARTICULATION AS A FUNCTION OF SPEECH-TIME
FracTION,

The form of this curve depends to some extent on the
frequency of interruption; for example, if we consider a
very low mean interruption frequency, say one interruption
per minute, the articulation must be equal to the speech-
time fraction. The range of interruption frequencies over
which the reference distortion circuit works depends on the
filter from which the band-limited controlling noise is
derived. Consequently the articulation curve depends some-
what on this filter. It has been found, however, that even
a 50 per cent. change in the cut-off frequency of the filter
produces negligible change in the articulation score, and
a very precise specification of the filter is therefore
unnecessary.

Subjectively, speech signals passed through the circuit
sound rather like clipped speech over the range of speech-
time fractions 20-90 per cent. Below about 20 per cent. the
speech is almost wholly unintelligible, whilst above 90 per
cent. the interruption begins to be heard as distinct clicks
(since the {requency of interruption is then low).

CONCLUSIONS

Assessment of telephone circuits must take into account
how and by whom they are used. Effectiveness in any
absolute sense can therefore be expressed only in terms of
the behaviour of the actual users. The users themselves
and their behaviour are both very difficult to define, so that
recourse must be had to suitable objectively specihable
measuring scales or reference circuits. With the aid of the
reference distortion circuit described here it would be
possible to avoid fruitless discussion between persons who
have each heard only one of the distortions as to whether
speech subjected to distortion A was better or worse than
speech subjected to distortion B; assessments of the dis-
torted speech in terms of equivalent speech-time fraction
would probably settle the argument becanse such assess-
ments would be substantially independent of the assessor.
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Book Review

“Elementary -Electrical Engineering.” A. E. Clayton, D.Sc.,
M.ILE.E. and H. ]J. Shelley, O.B.E.,, B.Sc.,, AM.LE.E.
Longmans, Green & Co., Ltd. 490 pp. 340ill. 14s.

This excellent text book, first published in 1927, already
occupies an established place amongst the works that students
of general electrical engineering have found worth retaining
in their libraries when their examination days have passed. Its
appeal lies not so much in any originality of treatment—for
that is difficult to achieve in a book covering a syllabus
restricted to the electrical sections of the Ordinary National
Certificate—as in its thorough, robust approach and freedom
from excessive elaboration.

The authors have clearly had much experience in teaching
the principles of A.C. theory, and the operation of motors and
generators. They emphasise practical points which help the
student to unite the theoretical analysis of a problem with the
technique of experimental verification in the laboratory. The
application of vector methods to electric circuit analysis is
well covered, and vectors are freely used and illustrated by
worked examples in the text: vector diagrams are often drawn

to a scale which is itself reproduced in the diagrams, so that
students can make checks by direct measurement.

The use of Calculus is in general avoided, which is perhaps
unfortunate as Ordinary National Certificate candidates should
be encouraged to employ the Calculus, rather than be invited
to avoid its use. Two rather more advanced chapters have
been added at the end of the book to cover the solution of
simple networks and the general relations arising in series and
parallel resonance, and these add considerably to its value.
An interesting chapter is included on illumination, embracing
the geometry of illumination photometry and the general
design of electric lamps. Primary and secondary cells are
discussed; there is also a valuable outline account of modern
insulating materials and their properties.

Students who are learning the groundwork of electrical
engineering preparatory to proceeding to more specialised
aspects, such as telecommunications, will find this book
valuable as an aid to study and useful for reference during
their later years. Teachers of electrical engineering will also
welcome the many pages of exercises, with answers, that are
collected under chapter headings at the end of the book.

C.F.T.
I.P.0.E.E. Library No. 847
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Book Reviews

“Alternating Current in Telecommunications.”
B.Sc.(Eng.), Wh.Ex.,, M.LE.E., AM.IMech.E. Sir Isaac
Pitman & Soms, Ltd. 36 pp. octavo. 40 ill. 4s.

This short work is intended to be a non-mathematical
introduction to the subject of ‘‘alternating currents” with
particular reference to the use and importance of such currents
in telecommunications practice. The author introduces his
subject by a short examination of the mechanical oscillation
of a swinging pendulum, and follows this by brief descriptions
of typical alternating-current generators. After a short and
perhaps somewhat unconvincing description of the behaviour
of inductance and capacitance in an A.C. circuit, the book
proceeds to simple descriptions of 2- and 3-electrode valves
and their use as rectifiers, amplifiers and in elementary
oscillator circuits.

The final section of the book describes the principles of
voice frequency telegraphy and carrier telephone systems with
simple and interesting explanations of band-pass filters,
methods of modulation and the characteristic features of wide-
band transmission systems.

Although the book is not intended to replace the normal
text-books on alternating current theory, it should be of
interest, as supplementary reading, to young students who are
just starting on a course of studies in telecommunications
engineering. Some may consider that the price is somewhat
high for a production of this size. J. A

‘ Rinehart Mathematical Tables, Formulas and Curves.”
H. D. Larsen. Chapman & Hall. 264 pp. 90 ill. 15s.

This book, which has been compiled for the use of engineers
and physicists, is divided into two parts. The first part consists
of 160 pages of mathematical tables, while the second part
consists of 100 pages of reference formulae and curves.

In the first part, the 27 tables contain the usual five-figure
logarithmic, trigonometric, exponential and hyperbolic tabu-
lations well known to engineers. There are also tables of the
logarithms of trigonometric functions which are useful for
certain specialised calculations. Once logarithmic calculation
is replaced by mechanical computation the machine operator
needs tables of powers, roots, factorials and reciprocals and
such tables are given in this book.

All these tables have been printed in the ‘° modern face ”
or equal-height figures (12 3 4 5 6 7 8 9 0) and too many rules
have been used, with the result that the pages have a very
heavy appearance. There can be but little doubt that the
““ old-style ”’ figures with heads and tails (1 2 345678 9 0)
are less fatiguing to read and so less liable to misreading than
modern face figures.

In the second part of the book, in addition to the Greek
alphabet, weights and measures, physical constants, there are
fundamentalreference formulae from Plane and Solid Geometry,
Algebra and Trigonometry, Hyperbolic functions, Differential
and Integral Calculus, etc. The outstanding feature of this
part, however, is Section 1I which gives curves for reference.
This collection must be ene of the most complete sets published
and is superior to the collection given in Chapter XXI of
Granville’s * Differential and Integral Calculus.”

This book will form a useful addition to an engineer’sreference

library. H.].J.

“Practical Television.” T. J. Morgan. Ward Lock & Co., Ltd.
988 pp. 198 ill. 18s. 6d.

A number of books have been written in an endeavour to
explain television in simple language; this is probably the first
that really starts from first principles. At least a third of the
book is devoted to the fundamentals, not only of television,
but of magnetism and electricity and radio in general. The
whole field is covered from wave motion and atomic particles
to colour television. In a book attempting to cover so wide a
field it is inevitable that there should be some passages open to
criticism. For example the discussion of single-sideband
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W. T. Palmer,

working on page 86 contains inaccuracies. In the first place,
suppressed carrier working 7s used in radio transmission as
well as for carrier telephony on lines. Secondly, single-sideband
working is not used for television transmission because, as yet,
no satisfactory method of generating single-sideband television
signals has been developed. The asymmetric-sideband method
employed is really a double-sideband system for the low-
frequency modulation components, merging into a single-
sideband system for the high-frequency modulation compo-
nents. Thirdly, the author suggests that demodulation, in
effect, removes one of the sidebands and the carrier, but does
not explain how this is so. In fact, of course, demodulation
removes the carrier and both sidebands, replacing them by a
signal in the same band as the original modulating signal.
Can it be that the author has fallen for the hoary old fallacy
that removal of half the waveform by a half-wave detector is
equivalent to removing one sideband; and that the capacitor
across the diode load then removes the carrier?

The book is profusely illustrated with 22 excellent photo-
graphs and a large number of line drawings. It is a pity that
the numbering sequence for the latter starts from 1 in each
chapter, for a reference on page 148 to Fig. 5, appears, after
much searching to refer to a Fig. 5 in a much earlier chapter.

Mr. Morgan has shown great courage in attempting to write
such an all-embracing work. The result is not a book for the
specialist television engineer but one that will be read with
enjoyment by technical workers in other fields or by the lay-
man with a scientific bent who wants to know how his
television works. T. K.

I.P.O.E.E. Library No. 2044.

“Harmonics, Sidebands and Transients in Communication
Engineering.” C. Louis Cuccia, M.S. McGraw-Hill Book
Co., Inc. 1952. 465 pp. 254 ill. 76s. 6d.

The development in telecommunications during the last two
decades, which include the advent of radar and the spectacular
growth of television, has been rapid because many of the
fundamental problems have been such as to yield to mathe-
matical analysis. This progress has forced the research engineer
to apply difficult mathematical methods to the solution of his
problems: for, unless the power of engineering analysis keeps
pace with the growing difficulty of its technical problems, rapid
progress will stop. This demand has created the need for a
comprehensive text-book that discusses the application of the
Fourier and Laplace analyses to the modern field of com-
munication engineering, and the present volume has been
designed to fill this gap.

This new text-book offers a broad presentation of the theory
of linear and non-linear electrical systems: emphasising physical
principles, the author shows how transient and modulation
problems can be analysed mathematically. Progressive
chapters treat the fundamental concepts of electromagnetic
wave transmission, radar, television and ultra-high-frequency
systems. Although most of the material has been published
before, the student will appreciate the discussion of spiral-beam
frequency modulation systems, cavity resonators, transistors
and other topics which have so far only appeared in periodical
literature. A wide selection of problems and review exercises
is included with each chapter.

In this book the mathematics of harmonic and transient
analysis is discussed from the viewpoint of the theory of
functions of a complex variable and not treated merely as
“advanced computing for engineers.”” But the discussion of the
fundamentals of complex theory given in the first chapter is
vague and unsatisfactory: in this connection the student may
find it an excellent exercise to deduce the formule given in this
chapter by an obvious extension of Cauchy’s theorem, stated
on page 13. For the analysis of simple electrical systems des-
cribed by ordinary linear differential equations, the use of the
theory of functions of a complex variable is not essential; but
it is essential for the more complicated systems described by
partial differential equations and discussed in this book. The
early chapters describe the application of the Fourier and
Laplace analyses to such systems and the student will observe
that the author has omitted to divide the Laplace transform
f(s) of the time function f(t) by the complex variable S



(= « + jw). This omission means that throughout this book
the function f(t) differs from f(s) in dimensions, and direct
integration (where it is possible) is rendered more difficult. The
student will also observe that the author has tacitly assumed
that f(t) is known, or known to satisfy a given differential
equation from t = 0tot = oo, and this is never true in a physi-
cal problem, although it may be true in a purely mathematical
one. This introduces a doubt about the validity of some of the
mathematical solutions, and the critical student will regret that
the author has not discussed questions of mathematical rigour
and the associated existence theorems.

In connection with this criticism it must be pointed out that
the principal aim of the present volume is the analytical
exposition of harmonics, sidebands and transients in com-
munication engineering and not the teaching of mathematics.
Nevertheless, those questions of rigour which the author has
not discussed are very important; without such a discussion it
will be difficult for a critical student to have complete con-
fidence in some of the mathematical solutions given in this
book. There is, however, one thing that can be stated with
complete confidence: the student who tackles the problems and
exercises given in this excellent book will need far more vigour
than rigour. H.J.J.

“Practical Electric Wiring.” H. P. Richter. McGraw-Hill
Publishing Co., Ltd. 574 pp. 420 ill. $3-75.

In the U.S.A., most States have laws which require the
provision of the National Electrical Code, to be observed in
the territory involved and, in addition, the National Board
of Fire Underwriters has established a testing organisation to
which manufacturers may submit their products for approval
and labelling if found to meet specified minimum require-
ments. In this, the third edition of Mr. Richter’s book, the
Methods section has been revised to meet requirements of the
1947 National Electrical Code. The first part of the book
covers the theory and basic principles, while the second and
third parts deal with the actual wiring of residential and
farm buildings and non-residential projects. The scope is
restricted to the wiring of buildings of limited size and at
medium voltage (under 600V), skyscrapers with their special
problems being excluded. The theory given is adequate for
the requirements of the practical electrician for whom the
book is intended. The planning of installations and descrip-
tions of methods of wiring are naturally concerned with U.S.A.
practice and the fittings illustrated are the projects of American
manufacturers, but there is mueh information to make the
book interesting and useful to British readers who may be
concerned with the problems of getting good installation work
at reasonable cost. The subject matter is well set out and the
illustrations and diagrams make for easy understanding,
particularly of the methods employed. The fact that the book
has reached its third edition and has also been translated into
foreign languages is evidence that it is regarded as authoritative
on installation practice in the U.S.A. in accordance with the
National Electrical Code. wW.T. G.

“Electrical Installation Work.,” 7T. G. Francis, M.I.LE.E.
Longmans, Green & Co., Ltd. 232 pp. 237ill. 12s. 6d.

The reports on electrical accidents show how important it is
that the “Wireman’ should have a good knowledge of the
whys and wherefores of installation work as well as sound
practical training. In this book, the author has set out to give
those engaged in electrical installation an insight into the
technical side of their work. The book follows very closely
the syllabus for the “B” Course in electrical installation work
of the City and Guilds of London Institute and the student
should have little difficulty in following the elementary theory.
The Statutory Regulations and I.E.E. Regulations for the
Electrical Equipment of Buildings, on which installation
practice in this country is based, are quoted where necessary,
and authority for the method described but the author has
wisely refrained from detailed arguments on the Regulations.

A plain statement of the purport of a particular regulation and
the description of the methods adopted to comply with it are
best suited to the requirements of the apprentice electrician
for whom the book is intended.

In addition to the chapters on supply systems, circuits,
wiring systems, testing, etc., there are chapters on illumination,
electrical heating, D.C. and A.C. machines, primary cells,
secondary cells, electric bells and telephones. Having regard
to the wide scope and the modest price of the book, detailed
treatment of all these subjects cannot be expected but, even
so, a Post Office Engineer with a bookcase full of engineering
instructions may be forgiven for expressing surprise that
telephones are covered in rather less than nine pages. Some
reference to electric shock and its treatment, and amplification
of the information on testing earth continuity, with particular
reference to the use of methods employing currents comparable
with those likely to be met in service, would have enhanced
the value of the book. Since the book was prepared, the 12th
edition of the I.E.E. Regulations has been issued, and no doubt
the author will take opportunity of an early second edition to
make such amendments as are necessary to cover the new
Regulations. W.T.G.

SHORTER NOTICES

“WiIreLEss WorLD”’ Diary 1953. Iliffe & Sons, Ltd. Morocco
leather 6s. 14d. Rexine 4s. 7d.

The 80-page reference section of the ‘“Wireless World”
Diary, now in its 35th year of publication, provides in tabloid
form the kind of technical information so often needed by the
radio man, but seldom readily available. The technical data,
compiled by the staff of “Wireless World” includes circuitry,
useful formulae (including, for example, frequency-wavelength
conversion and extending the range of meters) and graphical
design data for the estimation of coil windings and circuit
constants. In addition to providing technical information, the
diary gives details of standard frequency transmissions,
addresses of radio organisations (both in the U.K. and abroad)
and base connections for nearly 500 current valves.

“ExampLESs IN ELEcTRICAL CALCULATIONS.” Naval Electrical
Department, Admiralty. H.M.S.0. 507 pp. 263 figs. 17s. 6d.

This book was originally written to provide Naval students
of Electrical Technology with a collection of worked examples
and carefully graded sets of exercises covering the scope of
many electrical examinations in the Navy. It also covers the
requirements of students preparing for the Preliminary and
Intermediate Grade examinations of the City and Guilds of
London Institute in Electrical Engineering Practice, or for the
Ordinary National Certificate in Electrical Engineering.

A knowledge of elementary mathematics by the reader is
assumed.

“WORKED EXAVPLES FOR ADVANCED ELECTRICAL STUDENTS.”
D. I. Williams, AM.ILEE. E. & F. Spon, Ltd. 160 pp.
118 figs. 18s.

A book written to fill a gap in standard works for technical
colleges, giving the detailed solution of selected problems of
the type set 1 papers for the Higher National Certificate in
Electrical Engineering and Part II of the I.E.E. Associate
Membership examination.

“PHOTOGRAPHY IN INDUsTRY.” Institute of British Photo-
graphers. 20 pp. 5s.

A brief but comprehensive survey of the wide scope of
photography in industry. Thereportissupported by appendices
covering the uses of photography, the training and qualifica-
tions of photographers, the planning of accommodation, and

provision of equipment.
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Notes and Comments

H. Faulkner, C.M.G., B.Sc.(Eng.), M.L.E.E., F.LR.E.

It is a pleasure to record that Mr. H. Faulkner, Deputy
Engineer-in-Chief, and Chairman of the Board of Editors of
this Journal, has recently been honoured by the Institute of
Radio Engineers in receiving a Fellowship. Membership in
this American Institute is widely distributed among those
working in radio engineering and allied fields, the grade of
Fellow being one of particular distinction to which appoint-
ment is made by the Board of Directors solely on the basis
of eminence and distinguished service.

The citation accompanying the award reads as follows:—
“For his engineering achievements in the field of
world-wide radio communication, and his contribu-
tions to international agreement on telecommunications
practices.”

Board of Editors

The recent appointment of Capt. C. F. Booth to the
post of Deputy Director, External Telecommunications
Executive, has meant his resignation from the Board of
Editors. In congratulating him on this appointment, we
wish also to express appreciation of the services he has
rendered as a member of the Board. Mr. H. Stanesby has
been co-opted to fill the resulting vacancy.

Binding of Volume 45

This issue of the Journal completes Volume 45 and
readers are reminded of the facilities available for binding.
Details will be found on page 190.

City and Guilds of London Institute—Insignia Award

The City and Guilds of London Institute has established
an Award in technology to encourage the progressive study
and advancement in technical knowledge and practical skill
of those engaged in industry. The Award is intended to be
a mark of distinction for those who have combined with a
sound practical training an adequate knowledge of the
fundamental scientific principles of their industry, and have
shown a capacity for leadership and administration, and for
applying such wider knowledge to their particular industry.

A candidate upon whom ““The City and Guilds of London
Institute Insignia Award in Technology” is conferred will
receive a Warrant specifying thereon the section of industry
and the branch of technology in which his knowledge and
skill are recognised, and under the Institute’s Royal Charter
he will be authorised to use the insignia letters, “C.G.I.A.”

Candidates for the award must be not less than 30 vears
of age and must have had at least seven years’ suitable
industrial experience subsequent to completion of appren-
ticeship or equivalent training. Possession of a Full
Technological Certificate of the Institute supported by
passes in suitable ancillary subjects is also required, but, for
an interim period, candidates may be accepted for con-
sideration if they have gained an approved group of
qualifications awarded by the Institute.

Various other conditions must be met by candidates and
full details can be obtained on application to The Director,
Department of Technology (I.A.), 31 Brechin Place, South
Kensington, London, S.W.7. Applications should be accom-
panied by a stamped addressed foolscap envelope.

Institution of Post Office Electrical Engineers

London Centre

The programme for the second half of the 1952/53 session is
as follows:—
Ordinary Meetings*

27th January.—‘‘Coaxial Cables—Some Practical Aspects
of their Design and Maintenance.” G. E. Rossitor,
B.Sc.(Eng.), AM.I.LE.E.

16th February.—“An Approach to the Economics of P.O.
Engineering Training.” F. C. Meade, B.Sc.(Eng.),
ARCS, AMIEE.

31st March.—‘Alternatives to the Conventional P.C.L.C.
Telecommunications Cable.” J. Gerrard, AM.L.LE.E.

12th May.t—“Engineering Accounting in the Post Office.”
H. L. Beck (A.G.D.}.

Informal Meetings}

14th January.—‘Telephone Call Office Maintenance.”
H. C. L. Grafton, A M.I.LE.E. (Midland Region).

4th February.—‘Methods of Investigation in the Tele-
phone Branch Circuit Laboratory.”” M. Mitchell, M.B.E,,
B.Sc.(Eng.), AM.ILE.E.

4th March.—"“The Problem of Supervision in the Post
Office.” F. B. Wilcher and J. Meade, AM.IL.LE.E. (South-
‘Western Region).

22nd April.—“Re-organisation—The First Five Years from
an Area Angle.” F. E. Plumpton, AM.I.EE, and L. W.
Rapkin.

Additions to the Library

2043 Television Principles and Practice. F. J. Camm (Brit.
1952).

Deals with the principles and practice of television
transmission and reception in as non-technical a manner
as possible, with the selection, installation and servicing
of television receivers, and includes an up-to-date
dictionary of technical terms.

* Held at The Institution of Electrical Engineers, Savoy Place, Victoria Embankment,
W.C.2, commencing at 5 p.m.

4 1his meeting will be preceded by the Annual General Meeting of the Institution,
commencing at 5 p.m.

t Held in the Conference Room, 4th Floor, Waterloo Bridge House, S.E.1, commencing
at 5 p.m.
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2044 Practical Television. T. J. Morgan (Brit. 1952).
A practical handbook presenting clearly and simply
the technical background of television.

2045 Sound Recovding and Reproduction. J. W. Godfrey and
S. W. Amos (Brit. 1950).

An instruction manual for B.B.C. staff, intended to
give a good grounding in the fundamentals of the subject,
with particular reference to B.B.C. equipment in current
use.

2046 The Magnetvon. R.Latham, A. H. King and L. Rushforth
(Brit. 1952).

Intended to explain the construction and properties of
the magnetron to those without specialised knowledge of
high-frequency techniques, and also to provide a basis
for those with specialised knowledge who wish for more
detailed information.

2047 Modern Wirving Practice. W. E, Steward (Brit. 1952).

A guide to the most up-to-date and approved methods
of wiring domestic and industrial premises for lighting and
power.

2048 Amplifiers. G. A. Briggs and H. H. Garner (Brit. 1952).

Designed to fill the gap between Briggs’ other books,
“Loudspeakers’” and ‘“Sound Reproduction,’”” and should
furnish ideas for the experimenter so that he may obtain
the best results from the amplifier and associated circuits.

2049 Modern Lighting Technique. H. Hewitt (Brit. 1952).

Deals primarily with the more scientific aspects of
modern lighting techniques.

2050 Joint Comsultation in Bwitish Industry. Nat. Inst. of
Industrial Psychology (Brit. 1952).

A Report of an Inquiry sponsored by the Human
Factors panel of the Committee on Industrial Produc-
tivity.

2051 Radio, Television and Electrical Repairs.
(Editor) (Brit. 1952).

A comprehensive and practical guide to the upkeep

and repair of domestic radio and electrical equipment.
W. D. FLORENCE,
Libravian.

R. C. Norris





















The second meeting proved a lively night, when our Chair-
man, Mr. R. F. B. Bucknall, formerly T.M. Scot. West., gave a
very interesting address on ‘“Men and Money within the Post
Office.” The Vice-Chairman had to put a time limit to the
discussion because of the interest shown!

The next meeting is a visit to the new Braehead Power
Station at the end of November, and this will be reported on
in a later note.

The Centre wishes to record its appreciation of the services
rendered by its Chairman and takes this opportunity of
wishing him success in his new post as Telephone Manager,
Edinburgh Area.

It is pleasing to report that the officers of this Centre have
been asked to assist in the formation of a new Centre at
Hamilton. J. F.

Birmingham Centre

The change of title to ‘“Associate Section’” has been welcomed
here, as it has been felt for a long time that ‘‘ Junior Section”
was a misnomer. This Centre has been active over the past two
years in campaigning for the change and would like to offer its
thanks to Mr. Taylor, the Midland Region Liaison Officer, for
pursuing the matter at the annual conference held by these
Officers, and to all others in authority who have brought this
matter to a successful conclusion.

The visit to the Locomotive Works of British Railways at
Crewe on Sunday, 17th August, proved very interesting to the
24 members who participated. Reserved accommodation on
trains in both directions was arranged and the journeys were
most comfortable. Unfortunately, our arrival at Crewe was
behind schedule owing to a delay caused by work being carried
out on the permanent way entailing single-line working. A
sandwich lunch was eaten in a park which, according to our
guide, was “‘the best park in the North of England”’—it was,
and a nice walk, too; ask any of those who went!

Coinciding with the opening talk of the session, given by the
Deputy Telephone Manager, Mr. S. H. Croft, on 17th September,
the membership of this Centre reached the figure of 200. A most
enjoyable evening was spent hearing in some detail of the work
carried out by the Sales, Traffic and Clerical Divisions of the
Telephone Manager’s Office, and question time cleared up a
number of doubtful points in the minds of those present. The
most recent talk was that given by Dr. A. M. Uttley, of T.R.E.
Malvern, on “Digital Computing.” This being quite an involved
subject, only the briefest outline could be given in the time
available. Nevertheless, all members present agreed that the
evening was well spent.

On both these occasions the attendance was just under 30 and
an experiment of providing tea and cakes for half an hour prior
to the opening of each meeting was welcomed by those present.

Visits to both the B.B.C. Television Transmitter at Sutton
Coldfield and the Theatre Royal (to see the stage and electrical
gear) have proved so popular that additional visits have had to
be arranged to accommodate all those wishing to attend.

The programme arranged for the second half of this session
is as follows:—

8th January.—‘Plastics.”—W. E. Pattman, of Bakelite,
Ltd.

10th Januvary.—Visit: 1.C.I. Chemical Works, Oldbury.

21st January.—‘Inter-Planetary Travel.’—A. C. Rother-
ham, Treasurer of Birmingham Centre.

10th February.—Visit: City Museum—Archzological
Dept.

16th February.—‘‘Cable Corrosion and Protection.”—
F. A. A. Pariser (Assistant Engineer, Birmingham Centre).

11th March.—“Amplifiers.”—J. S. Kendall, member of
Birmingham Centre.

24th March.-—Visit: Austin Motor Works.

14th April—“Television Outside Broadcasts.”’—Barrie
Edgar, of the B.B.C. Midland Region.

18th April.—Visit: B.B.C. Engineering Training School,
Evesham.

23rd April.—Annual General Meeting.

It is hoped that members will bring to the A.G.M. sufficient
ideas for talks and visits to enable another good programme to
be compiled for the next session. Remember that your Officers

and Committee do all they can to provide you with the sort of
programme you want—support them in their efforts and let
them know just what you do want. K.G. S. A,

Bradford Centre

The Centre, though off to a late start, has been given
enthusiastic support. A proposition at the Annual General
Meeting to have subscriptions deducted from pay at 1d. per
week was adopted and has been most successful; we have the
highest number of members ever in this Centre.

A full programme has been arranged with a meeting each
month until the Annual General Meeting and Film Show in
June, 1953. The programme includes visits to wire and textile
mills, an electric motor works, an iron foundry, and a day visit
to Liverpool Docks. Details are being circulated to members.

There is a growing interest in the library and it is hoped to
improve this facility by having extracts from the catalogue
printed locally. E. A,

Middlesbrough Centre

On the 20th September, the Middlesbrough Centre and their
friends were fortunate in having a most interesting Film Show
in a local cafe. Travel films featuring South America were
shown and commented on by Mr. Bevan Pumphrey, who
gave us an insight into the pleasures and mysteries of that
interesting continent. A hearty vote of thanks showed how
much the Centre appreciated the evening.

The Centre had to say farewell with regret to Mr. J. S. Gill,
our Area Liaison Officer—a change of duty necessitating this.
‘We welcome Mr. J. N. Parker as our new Liaison Officer and
rely on his full co-operation in Centre affairs.

The Section President, Colonial Calveley, paid the Darlington
Centre a wvisit, and Middlesbrough Centre joined forces at
Darlington to hear a most interesting and well-received
address. His very controversial subject, “The Present System
of Appraisal and Promotion,” caused considerable discussion.

Mr. G. Dale, a Darlington colleague, on the 6th November
gave us a talk on “An Outline of Multi-Metering in Non-
Director Areas.” This informative lecture covered all aspects
of multi-fee metering in the non-director auto area, and caused
much interest.

Our attendances were maintained, but we hope that those
who do not yet take advantage of the Centre facilities will do
so in the near future. Budding lecturers should note our
Telephone Manager’s offer of one guinea for the best lecture
given in the Area during the current session. J. B.

Darlington Centre

The following programme for the remainder of the 1952/53
session is offered in the hope that its varied nature will attract
members of all grades to attend the meetings.

6th January.—Local Government,”” H. Hopkins, Town
Clerk, County Borough of Darlington.

3rd February.—“Income Tax—from the Underside,”
E. J. L. Hochstrassen (District Inspector), H.M. Inspector
of Taxes.

12th March.—"“Two-Way Quiz,” Darlington v. Middles-
brough. .

24th March.—‘‘Shared Service,”” A. Chapman and E. R.
Trotter.

22nd May.—Annual General Meeting.

On the 8th October, the Centre got off to a good start of the
session by the visit of the Section President, who was greeted
by a representative gathering (70). Colonel Calveley’s talk
proved to be most interesting and controversial and in the
discussion which followed there was no lack of questions.
The vote of thanks to the President was proposed by Mr. E.
Pinkney and seconded by Mr. D. Paterson (Chairman,
Middlesbrough Centre).

On Saturday, 18th October, 30 Centre members journeyed
by bus to Arncliffe Television Relay Station. Mr. J. Ainsley
(T/O on duty) conducted the party round the station and
explained the purpose of the station and described the apparatus
and operation.

These outdoor visits are proving to be extremely popular.

C.N. H.
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Staff Changes

Promotions
Name Region Date Name Region Date
Staff Engr. to Deputy Director Tech. Offr. to Asst. Eng.—continued,
Booth, Capt. C. F. E.-m-C.O. to External ‘Willamson, G. C. L.T. Reg. to E.-in-C.O. 25.10.52
Telecomms. Executive. 21.7.52 Preece, J. R. S W. Recf to E.-in-C.O. 15.11.52
Machent, H. E.-in-C. O. 24.11.52
Avea Engr. to Telephone Manager
Gill, W. E. . W.B.C. Reg. to Mid. Reg. 15.9.52 Tech. Offr. to Asst. Exper. Offy.
Exec. Engr. to Sens. Exec. Engr. Hardcastle, R. A. E.-in-C.O. 8.9.52
?eeves, L./in 115/[-511“}({: 0. o NE I 208182‘22 Tech. Asst. IT to Tech Asst. T
wycross, A. E. i eg. to eg. .10. - s
Whittingham, L. W.B.C. Reg. 29.9. 52 Booth, A. W. E.-in-C.O. 16.8.52
Asst. Engr. to Exec. Engy. Technician ITA to Asst. (Sc.)
Lavender, E. W, .. L.T. Reg. 24.9.52 Belcher, P. L. .. E.-in-C.O. 11.10.52
Hughss, J. A. .. .. L.T. Reg. .. 24.9.52
Lester, T. . .. N.W. Reg. .. 22.10.52 Asst. (Sc.) to Asst. Exper. Offr.
Douglas, A. S. ‘W.B.C. Reg. 20.11.52 Keen, D. S. E.-in-C.O. 11.10.52
Coots, E. J. E.-in-C.O. 11.10.52
Tech. Offr. to Asst. Engr. . May, R. J. E.-in-C.0. 1.9.52
Caple, H. W. E.-in-C.O. 20.8.52
Tutton, W. F. E.-in-C.O. .. .. 27.9.52 S
Kingswell, L. W. L.T. Reg. to E-in-C.O. 27.9.52 *gs“‘ (< ‘E’ ’;,IA“L Trafic S“fg' .
Nelson, J. M. .. E-in-CO. .. .. 27.9.52 rown, B. M. ~in-C.0. to L.T. Reg. 2.10.52
Johnson, N. G. L.P. Reg. to E.-in-C.O. 27.9.52
Hoare, H. V. L.T. Reg. to E.-in-C.O. 14.10.52 | Mechanmc I'C T to Tech. Asst. 11
Baugh, T. H. Mid. Reg. to E.-in-C.O. 22.10.52 Bell, D. H. H.C. Reg. 8.10.52
‘Williamsoun, H. M. E.ain-C.O. .. .. 25.10.52 )
Hearn, A. F. L. L.T. Reg. to E.-in-C.O. 25.10.52 Mechanic 71C IT to Tech. Asst. 11
Evel'ne, T. H., 1. T. Reg. to E.-in-C.O. 2510652 Entweetle F O N W. Reg. .. R.11.52
Transfers
Name Region Date Name Region Date
Chief Reel. Engr. Asst. Engr.—continued,
Smith, W. F. N.E. Reg. to E.-in-C.O. 20.10.52 Mangan, D. P. .. E.-in-C.0O. to S.W. Reg. 15.10.52
Forty, A.S. .. L.T. Reg. to H.C. Reg. 1.7.52
Senr. Exec. Engr. Kerr, A. S. H. .. E.-in-C.O. to Scot. 1.11.52
Swain, E. C. E.-in-C.O. to L.T. Reg. 6.10.52 Allchin, M. C. V. E.-in-C.O. to H.C. Reg. 16.11.52
Budd, D. A. H.C. Reg. to P. & T. Dept.,
Asst. Engr. Nyasaland .. .. 2.10.50
Stears, A. D. S. E.-in-C.O. to Scot. 7.9.5 4 <
Gosling, J. C. Mid. Reg. to Min. of Civil Asst. (Sc.) )
Aviation 1.9.52 Turner, F. T. E.-in-C.O. to Admiralty .. 20.10.52
Smith, R. E. E.-in-C.O. to Mm of C1v11
Aviation . 1.9.52 Draughtsman
Rav, M. A. E.-in-C.O. to L.T. Reg 6.10.52 Tebbs, H. I, E.-in-C.0. to Gov. Com-
Mirhie, P. G. T..-in-C.O. to Seot. 5.10.52 murications H.O.5 1.11.52
Retirements
Name Region Date Name Region Date
Area Engr. Asst. Engr. continued.
Coote, F. S.W. Reg. .. 24.11.52 Summerlin, S. C. E.-in-C.O. .. 29.11.52
Mackellar, A. C. E.-in-C.O. (Reszgned) 31.10.52
Exec. Engr. Best, A, S. E.-in-C.O. (Resigned) 31.10.52
Brooke, C. H. L.T. Reg. 5.10.52 Tuspector
Devan, H. .. Scot. 27.8.52
Asst. Engy. . Manson, J. W. .. Scot. 23.8.52
Granger, S. B. E.-in-C.O. .. 30.9.52 Rowlands, T. L. L.T. Reg. 20.9.52
Luck, L. A. .. S.W. Reg. .. 30.9.52 Miller, J. W. Mid. Reg. 5.10.52
Outhwaite, W. N.E. Reg. 30.9.52 Morris, W. P. L.T. Reg. 14.10.52
Booth, G. W, N.E. Reg. 21.9.52 Austin, T. W. N.W. Reg. .. 15.10.52
Nicoll, G, F. N.E. Reg. 19.10.52 Hardv, F. G. .. L.T. Reg. .. 8.8.52
Griffiths, M. Scot. 31.10.52 Manning, J. R. H.C. Reg. 31.8.52
Kelley, G. T. L.T. Reg. 22.11.52 Sparkes, A. E. .. H.C. Reg. 18.8.52
Blvth, W. J. . L.T. Reg. 31.10.52 Given, R. S. .. Scot. 20.9.52
Hodekinaan, H. N.E. Reo, (Hmlth pymmris) 17.11.52 Wateon, P. A. *'d. Ree. 2 1.52
Deaths
Name Region Date I Name Region Date
Asst. Engr. Asst. Engr.—continued.
Edmonstone, J. M. Scot. 9.8.52 Parry, J. .. .. W.B.C. Reg. .. 6.11.52
Markev, ]J. .. N.E. Reg. .. 14.9.52 Papps, E. G. .. .. L.T. Reg. .. .o 1211.52
Mvers, &, N.W. Reo, .. 4.10 52
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