
CONTENTS 
PAGE. 

A CATHODE RAY IMPULSE MEASURING EQUIPMENT— 
B. M. Hadfield, B.Sc., A.M.I.E.E., and W. W. Chandler, B.Sc. 149 

FRANKING (POSTAGE METER) MACHLNES—A. H. Burr .. 156 

APPARATUS FOR THE MEASUREMENT OF INSERTION 
PHASE SHIFT AT RADIO FREQUENCIES—R. F. J. 
Jarvis, Ph.D., and E. F. S. Clarke, B.Sc. 	.. 	.. 	162 

A MAINS FREQUENCY ERROR RECORDER—W. E. Finlason, 
B.Eng. 	 .. 171 

A NARROW BAND FILTER USING CRYSTAL RESONATORS 
—H. Stanesby, A.M.I.E.E.. and E. R. Broad, B.A. .. 	.. 	176 

A GROUP INVERTER FOR 12-CHANNEL CARRIER SYSTEMS 
—F. Scowen, B.Sc., A.Inst.P., and V. G. Welsby, B.Sc. 	.. 	183 

NOISE-ELIMINATING UNIT FOR JUNCTION CIRCUITS 
EXPOSED TO POWER INDUCTION—R. 0. Carter. M.Sc., 
D.I.C., A.M.I.E.E., and D. C. Walker, B.Sc., D.I.C. 	.. 	186 

MODERN MATERIALS IN TELECOMMUNICATIONS—
W. G. Radley, Ph.D.(Eng.), M.I.E.E., C. E. Richards, F.LC., 
E. A. Speight, Ph.D., D.I.C., A.R.C.S., E. V. Walker, B.Sc., 
A.R.S.M. Part fa—The Nature of Metals and Alloys.. 	.. 189 

BOOK REVIEW 	 .. 195 

NOTES AND COMMENTS .. 	 .. 196 

REGIONAL NOTES .. 	 .. 196 

STAFF CHANGES .. 	 199 

INDEX TO VOLUME 33 -. 	 201 

Price If- net 

THE INSTITUTION OF POST OFFICE ELECTRICAL ENGINEERS 

THE POST OFFICE ELECTRICAL 
ENGINEERS' JOURNAL 

VOL 33 	 3ANUARY, 1941 	 PART 4 



MEASURING 
INSTRUMENTS 
Good instruments can be designed and produced 
consistently only as the result of great experience in 
experiment and research extending over many years. 

Salford Electrical Instruments Ltd. have been making 
first-quality instruments for half a century, and their 
products are used in Power Houses, Test Rooms and 
Laboratories all over the world. 

Instruments in sizes from 2" upwards are available for 
almost every electrical measurement. The 2-}" flush or 
projecting types are specially suited for radio purposes, 
and may be supplied as :—Milliammeters, Micro-
ammeters, Ammeters, and Voltmeters, D.C. and A.C. 

Portable types are also made in most of these ranges. 
For H.F. measurements a range of Valve Voltmeters is 
available. 

SALFORD ELECTRICAL INSTRUMENTS LTD. 
Telephones : BLAckfriars 8888 (3 lines). 	 Telegrams and Cables "SPARKLESS, MANCHESTER." 

PROPRIETORS : THE GENERAL ELECTRIC CO., LTD., OF ENGLAND 
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EDISWAN 
TELEPHONE LINE PROTECTOR PANELS 

EDISWAN-SHOTTER-GREETHAM PATENT 	 (British Patent No. 353924) 

for the protection of telephone systems 
against surges induced by faults on 
neighbouring power lines 
Of the difficulties attendant upon the employment of overhead systems 
one of the most serious is to ensure uninterrupted working of the telephone-
system, by providing adequate protection against induced surges caused 
by switching or line faults in adjacent power lines or by lightning. 

The Ediswan Patent Protectors provide the solution. They are inert 
at the normal working pressure of the telephone line, they keep the 
voltage on the line down to a pre-determined figure by providing a path 
of low resistance to earth whereby the surge is cleared and they again 
become inert immediately the surge is cleared. 

They ensure simultaneous discharge of both lines and are capable of 
clearing heavy discharges without detriment to the system or the protector. 

Ediswan Telephone Line Protectors have now been in 
5-circuit panel for overhead lines incorporating choke coils, 	 use by Supply Companies for many years. spark gaps, etc. 

THE EDISON SWAN ELECTRIC CO. LTD., 	155 CHARING CROSS ROAD, LONDON, W.C.2 
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THIS YEAR WE CLIMB TO VICTORY 
YOU CAN HELP YOUR COUNTRY 
and yourself at the same time if you do 
your best, but you are not doing your 
best if you waste time. 

By becoming efficient in your vocation you 
can give the best service to your country and 
to yourself. The more you increase your 
earning power the better it is for the country 
and for yourself personally. 

War or no war, earning power always brings 
its possessor to the front. It is no use waiting 
for better times. 	The ideal opportunity 
never arrives. We have to make the best of 
existing conditions. Therefore, delay is use-
less ; it is worse, it is harmful. 

TO ACHIEVE VICTORY, we must be 
efficient to be efficient we must be 
trained. 
If it is your desire to make progress and 
establish yourself in a good career, write to 
us for free particulars on any subject which 
interests you, or if your career is undecided, 
write and tell us of your likes and dislikes, 
and we will give you practical advice as to the 
possibilities of a vocation and how to succeed 
in it. You will be under no obligation what-
ever. It is our pleasure to help. We never 
take students for courses unless we feel 
satisfied they are suitable. Do not forget that 
success is not the prerogative of the brilliant. 
Our experience of over thirty years proves 
that the will to succeed achieves more than 
outstanding brilliancy. 

I EARNING POWER IS A SOUND INVESTMENT I  
DO ANY OF THESE SUBJECTS INTEREST YOU ? 

Accountancy Examinations 	 Concrete and Structural Engineering Press Tool Work 
Advertising and Sales Management Draughtsmanship. All branches 	Pumps and Pumping Machinery 
Agriculture 	 Engineering. All branches, subjects Radio Communication 
A.M.I. Fire E. Examinations 	 and Examinations 	 Radio Service Engineering 
Applied Mechanics 	 General Education 	 Road Making and Maintenance 
Army Certificates 	 G.P.O. Engineering Dept. 

Salesmanship, I.S.M.A. Auctioneers and Estate Agents 	Heating and Ventilating 
Sanitation Aviation Engineering 	 Industrial Chemistry 
School Attendance Officer Aviation Wireless 	 Institute of Housing 

Banking 	 Insurance 	 Secretarial Exams. 
Blue Prints 	 Journalism 	 Sheet Metal Work  
Boilers 	 Mathematics 	 Shipbuilding  
Book-keeping, Accountancy and Matriculation 	 Shorthand (Pitman's)  

Modern Business Methods 	 Metallurgy 	 Short Story Writing  
B.Sc. (Eng.) 	 Mining. All subjects 	 Speaking in Public  
Building, Architecture and Clerk of Mining. Electrical Engineering 	Structural Engineering  

Works 	 Motor Engineering 	 Surveying  
Builders' Quantities 	 Motor Trade 	 Teachers of Handicrafts 
Cambridge Senior School 	 Municipal and County Engineers 	Telephony and Telegraphy 

Certificate 	 Naval Architecture 	 Television 
Civil Engineering 	 Novel Writing 	 Transport Inst. Exams. 
Civil Service 	 Pattern Making 	 Weights and Measures Inspector 
All Commercial Subjects 	 Play Writing 	 Welding 
Commercial Art 	 Police, Special Course 	 Wireless Telegraphy and Telephony 
Common Prelim. E.J.E.B. 	 Preceptors, College of 	 Works Managers 

If you do not see your own requirements above, write to us on any subject. Full particulars free. 

CAN YOU CHANGE 
MY EXPRESSION ? 

	

Every Department is a Complete College : 	STUDY AT HOME IN 

	

Every Student is a Class to Himself 	YOUR SPARE TIME 
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THAT COMMERCE IS WAITING FOR. 

Just try it for yourself Trace or draw 
the outline and then put in the features. 

JOURNALISM 
Short Story, Novel and Play 

Writing 

There is money and pleasure in Journalism and 
in Story Writing. No apprenticeship, no Pupilage, 
no examinations, no outfit necessary. Writing 
for newspapers, novels or pictures is not a gift; 
it is a science that can be acquired by diligent 
application and proper guidance. It is the most 
fascinating way of making pastime profitable. 
Trained ability only is required, we do the 
training by post. Let us tell you about it. 

There are hundreds of openings in connection with Humorous 
Papers, Advertisement Drawing, Posters, Calendars, Cata-
logues, Textile Designs, Book Illustrations, etc. 

60 per cent. of Commercial Art Work is done by " Free 
Lance Artists " who do their work at home and sell it to the 
highest bidder. Many Commercial Artiste draw " retain-
ing fees" from various sources, others prefer to work 
full-time employment or partnership arrangement. We 
teach you not only how to draw what is wanted, but how 
to make buyers want what you draw. Many of our students 
who originally took up Commercial Art as a hobby have 
since turned it into a full-time paying profession with studio 
and staff of assistant artists , there is no limit to the possi-
bilities. Let us send full particulars for a FREE TRIAL 
and details of our course for your inspection. You will 
be under no obligation whatever. 
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A Cathode Ray Impulse 
Measuring Equipment 	 B. M. HADFIELD, B.Sc. A.M.I.E.E., and 

U.D .C. 621.317.755 : 621.395.342 
	

W. W. CHANDLER, B.Sc. 

Equipment is described with which the instantaneous impulse distortions experienced in automatic telephone networks may 
be measured on a target diagram basis. Use is made of a cathode ray tube to display the target diagram. 

Introduction. 

THE subject of impulsing as applied to 	commonly used. By joining points, the sum of the 
automatic systems necessitates the study of 	make and break times of which is constant, a series 
make and break times from contacts. At the 	of curved lines is obtained which represent constant 

normal speed and ratio of impulsing (10 i.p.s., 67 per 	speeds of impulsing. Similarly, by joining points for 
cent. break) as used by the British Post Office, the 	which the ratio of break time to total impulse time 
make and break times are 33 and 67 mS, but as these 	is constant, a series of lines representing constant 
impulses are invariably originated by a dial or similar 	impulse break ratio is obtained. Since the time scales 
mechanism certain limits have to be allowed. 	are logarithmic and of the same dimensions, the break 
Although it is usual to consider impulsing performance 	percentage lines are parallel and inclined at an angle of 
in terms of speed and ratio, since these are easily 	45°  to the axes. In this manner the characteristics of an 
measured by simple testing apparatus (provided a 	impulse may be correlated, in terms of speed and 
sufficient number of impulses are available), a more 	ratio, with quantities measured by existing methods. 
fundamental method of consideration is to deal with 	On the basis of such a graph, the normal dial 
the make and break times in milliseconds. If these 	limit variations are shown as a target composed of 

paper with the make times as abscissae 

point can be found which completely 

to work from a dial or other impulse 

and the break times as ordinates, a 

defines this impulse.1' 2  
If an automatic system, designed 	
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the other sides of the target being completed by the 
portions of the speed curves at 7 and 14 i.p.s. as 
required. The area of this figure defines the total 
limits of the average make and break time permissible 
on the originating dial. 

In another form of this diagram the break lines are 
marked in degrees, where 180° corresponds to 100 per 
cent. break. This is due to the use of a mechanical 
impulse generator, the rotary mechanism of which 
can be adjusted to give any break percentage in terms 
of angular displacement. 

Method of Application to Impulse Transmission 
Systems. 

From the above it will be seen that the principal 
use of this method has been the determination of the 
failure points of various automatic telephone systems, 
mainly in the laboratory ; the target diagram has 
also been used as a convenient means of record for the 
comparison of the efficiencies of automatic systems. 
The present equipment was designed not so much for 
testing any one automatic system as for determining 
whether the linking-up of various impulse systems is 
feasible from the point of view of the known failure 
points of the systems. A typical example of this is 
the recent introduction of 2-frequency signalling and 
dialling on trunk lines, linking up two or more 
automatic systems. 

The application of the method is therefore somewhat 
similar to that used in line transmission measurements. 
An impulse generator, the output of which is capable 
of adjustment over the whole of the anticipated 
range of impulses likely to be encountered at any 
stage of the system, is applied to the test apparatus, 
and a measuring equipment at a remote portion of 
the system shows the resulting distorted impulses in 
the form of a target diagram. By comparing this 
with the known breakdown diagram at this point, 
it is immediately seen whether the system will work, 
and also an indication of the factor of safety is given. 

It should be remembered therefore when reading 
the following sections, that the target diagram display 
at the reception point will consist of a distorted 
version of the input impulses. The success of such 
a system of testing will, of course, depend on the 
speed and accuracy with which the distorted diagrams 
can be obtained, and considerable attention has been 
paid to these factors in the design of the apparatus. 

Methods of Testing under Target Diagram Conditions. 
Usual Method.—This consists of employing a rotary 

impulse generator the speed of which can be varied 
between required limits, and the make percentage of 
which can also be varied. A series of pulses, usually 
9 in number, is applied to the test equipment from 
this machine, and the speed or percentage altered 
until the equipment fails. Alternatively, the extreme 
limits of the dial target are used, one at a time, and 
the output make and break times are then recorded 
on some form of oscillograph using a strip of paper 
moving with constant velocity. The mean make and 
break times are assessed from this oscillogram, as are 
also the maximum and minimum times, and these 
points are then plotted on the target diagram. 

It will be seen that the method is laborious, and it 
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takes a matter of hours to carry out a complete target 
diagram test ; in addition to which it involves the 
separate investigation of mean, minimum and 
maximum impulses in a train. 

Present Method.—It was considered that, provided 
an indicating equipment could be devised to show the 
performance of each and every impulse, it would be 
unnecessary to provide more than one, or at the most 
two, test impulses of the same nature. Provided that 
successive test impulses differ only in a slight degree 
(i.e. by, say, 1 i.p.s. or 5 per cent. break), the response 
of the apparatus under test will not differ appreciably 
from that which would be obtained by continuous 
test impulses at a given speed and percentage. 

Taking the dial target area shown in Fig. 1 as an 
example ; if single pulses at each speed from 7 to 14 
i.p.s. on the 63 and 70 per cent. lines, plus one at 
7 i.p.s. 67 per cent., and one at 14 i.p.s. 67 per cent., 
are generated in cyclic fashion by progression around 
the rectangle, then 18 pulses per cycle are needed to 
test the system. One cycle can therefore be accom-
plished in some 2 seconds, or 4 seconds if each pulse 
is duplicated. 

The device capable of providing such a series of 
cyclic test pulses is known as the impulse generator, 
and will be described in a subsequent article. 

It was also considered that a cathode-ray equipment 
could be developed in which the deflections on the 
X and Y axes would be proportional to the logarithm 
of the make and break times, so that when the above 
cyclic train of impulses was applied to it the dial 
target would be displayed. By using a screen 
possessing a long after-glow it would be possible to 
retain a visual impression of the whole target. This 
device, known as an impulse measuring equipment, 
can be calibrated by superposing on the screen a 
transparency of the target graph such as Fig. 1. 
If the impulse-repetition link is then interposed 
between the impulse generator and the impulse-
measuring equipment, the resulting display on the 
latter will be distorted. By comparison with the area 
normally occupied by the cyclic trains of test impulses, 
the distortion introduced by the link may be assessed. 

As this test can be repeated cyclically, changes in 
the variables in the link (for instance, V.F. equipment) 
can be made so as to produce the worst target in a 
rapid manner. If this target falls within limits 
necessary for the correct functioning of succeeding 
automatic equipment, then it is known that the 
system will work, independently of any other test made 
on the equipment. Similarly, by extending the dial 
target generator to the originating end of a V.F. link 
it is possible to assess the overall performance. 

The method is rapid and is capable of self-calibra-
tion, since the dial target generator can be checked 
before use against the measuring equipment, and both 
can be checked against a make percentage meter of 
the usual type by causing the generator to deliver a 
series of constant make percentage pulses. 

DESIGN PRINCIPLES OF THE IMPULSE EQUIPMENT 
Automatic switching mechanisms have been 

designed to work on impulses received from a dial or 
similar generator which are such that the circuit is 
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first seized by a loop, the dial springs being closed at 
this period. The impulses are then generated by 
opening and closing the loop, the final condition 
being that of a loop. The fundamental conception 
of an impulse used in the design of this equipment is 
a break period followed by a make period. 

If the apparatus is to show an impulse as a single 
co-ordinate point depending for its position on the 
time periods of the break and make, it is obvious that 

(a) no display can take place until the make period 
has elapsed, and 

(b) the voltages for such display must be stored 
until it is convenient to use them. 

The design of this apparatus is, therefore, largely 
influenced by this storage and delay principle. The 
following section describes the elements of the circuit 
for obtaining a voltage proportional to the logarithm 
of the break and make periods which also enables 
these voltages to be stored. The delay action is 
secured by the use of uni-selectors. 

The Time Measuring and Storage Circuit. 

It is well known that if a condenser C be charged 
via a resistance R from a battery of V volts, the 
voltage v existing across the condenser at time t 
from the instant of switching on is given by 

= 1 — E.'!" 
V 

At a preliminary inspection it does not appear that 
this type of relation would give a voltage proportional 
to log t, giving in fact a relation of the form t propor-
tional to log v. But it is found that the equation 
is a very close approximation to the required one 
over a fairly wide range. This can best be shown by 
plotting the curve against t as independent variable 
using a logarithmic scale. This is given in Fig. 2, 
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FIG. 2.-GRAPH SHOWING RELATION BETWEEN CONDENSER 
POTENTIAL AND TIME. 

and it will be seen that the curve is very nearly linear 
between values of v/V from about 0.3 to 0-9. 
Variation of the time constant CR shifts the curve to 
the left or right without altering its shape, so that 
the time range covered may be altered by- adjustment 
of either the resistance R or capacitance C. The ratio 
of maximum to minimum times covered by the linear 
portion of the curve is, however, constant and is of 
the order of 32 to 1. 

A target area corresponding to make times of about 
20-60 mS and break times of about 40-120 mS can be 
accommodated with a logarithmic scale to an accu-
racy of the required order. Moreover, such an area 
will include most points at which measurements are 
required, assuming that the distortions being 
investigated are not too great. This area is therefore 
taken as the basis of design, and is shown in Fig. 1 
by the thick line square. 'Where it is desired to 
employ a larger target area, suitable scales may be 
derived from the curve of Fig. 2 ; specimen scales 
covering the whole of Fig. 1 are shown at the side of 
Fig. 2. The form of such a derived scale will be 
logarithmic at its central portion, with the divisions 
becoming more cramped at both the upper and lower 
ends of the scale. This only slightly modifies the 
appearance of the target graph at its edges. In view 
of the simplicity of the basic circuit and the fact that 
it is not anticipated that it will be necessary to exceed 
the logarithmic limits very often, no attempt has 
been made to evolve a circuit producing a wider 
logarithmic range. The impossibility of attaining the 
ideal characteristic will be apparent when it is realised 
that when t = 0, log t = 	i.e. an infinitely large 
negative deflection is required, and this is obviously 
unattainable. 

In addition, the circuit possesses the quality of 
storage, which is indispensable if deflections are to 

be made which are due to the combined 
effect of make and break periods of one 
impulse, since these periods occur one 
after the other. 

Use of Uniselectors as Delay Elements. 
If two condensers are arranged in 

circuits similar to that outlined above 
so that the charging circuits are 
completed during the make and break 
time respectively of the contact under 
test, then, after one impulse, the 
voltages on the condensers will be 
dependent, in the manner described, on 
the make and break times of the contact 
respectively. A pair of uniselectors is 
employed to connect a fresh pair of 
condensers to the charging circuits at 
each impulse so that the voltages are 
stored on pairs of condensers in turn. 

The basic circuit arrangement is 
shown in Fig. 3. The condensers are 
arranged in two groups of five, 

20 	40 60 80100 200 400 600 connected to the first five contacts of 
arc 1 of each of the uniselectors. The 
drive circuits (not shown on the diagram) 
are arranged so that switch 2 moves 
forward just after the impulsing contact 
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operates, and switch 1 moves forward just after it 
releases. In this manner the voltage rise on the 
condensers is unaffected by the switch movements 
since the latter always occur when the charging 
circuit is interrupted by the contact under test. 

Arcs 3 and 4 of switch 2 are arranged to connect 
the X and Y deflector plates of the oscillograph to the 
first pair of condensers Cx, CY after two steps of the 
second switch. The delay between the charging of 
the condensers and the connection of the oscillograph 
plates is necessary, because if connection were made 
at the next step the X plate would be connected 
during the charging period of condenser Cx,,, so that 
a steady spot deflection could not be obtained. 

With the third step of each switch the first pair of 
condensers is discharged through the small resistances 
R1  and R2  via arcs 2 of the respective switches. By 
repeating the bank connections on all the switch arcs 
so that each connection recurs at every sixth 
contact, operation on continuous impulsing can be 	 DETAILS OF GENERAL INTEREST 

arranged. 	 Improved Operation of the Uniselectors. 

It will be appreciated that since the automatic 	One of the major troubles encountered in the design 
system normally gives break times twice the make 	of the control circuit in both the measuring equipment 
times, and the charging voltage and deflectional 	and the generator, is the difficulty of ensuring 
sensitivity of the tube may be assumed equal for 	satisfactory operation of the uniselectors, using existing 
both X and Y deflections, the time constant of the 	methods. It will be obvious that, if the switches are 
break contact charging circuit must be twice that of 	to be actuated by the impulses generated during the 
the make contact circuit. This could be obtained by 	course of a target cycle, or from faulty impulses, 
making condensers CY twice the capacitance of Cx, 	they must be capable of satisfactory operation on 
but has been attained by making RY twice Rx and 	impulses the speed and ratio of which are well outside 
using the same values of condenser on X and Y 	the limits normally envisaged in automatic circuit 
deflections. 	 design. It has been found experimentally that the 

IMPULSING 
CONTACT 

• 

X PLATE 1 
3 

Y PLATE 24 

FIG. 3.—BASIC CIRCUIT ARRANGEMENT. 
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Application of the Deflection V oltages to the Cathode-Ray 
Tube. 

Since the nominal value of the impulses used in 
automatic systems is 10 i.p.s., 67 per cent. break, the 
target area is arranged so that this point is central. 
It is therefore necessary that the oscillograph beam 
shall be undeflected when the voltages on a cone-
sponding pair of condensers are appropriate to this 
point. Reference to Fig. 2 shows that the mid-point 
of the logarithmic portion of the charging curve may 
be taken at a value v/V of approximately 0.575. 

3 	
Since the break and make times of the standard 
impulse are in the ratio 2 : 1, the time constants of 

5 	 the two charging circuits must be in this ratio if the 
mid-point of the charging curve is to coincide with 

CHARGE 	
the mid-points of the X and Y scales. When this 

VOLTAGE 	condition is realised, both X and Y deflecting plates 
of the cathode ray tube must be given an initial bias 
of 0'575 of the charging voltage with respect to the 
anode to locate the spot at the mid-point of the target 
area under conditions of standard impulsing. 

The necessary bias is obtained by raising the anode 
to a voltage of 0-425 times the charge voltage with 
respect to earth (Fig. 3.). The voltage is obtained 
by joining the anode to a tapping on a resistance con-
nected across the charging voltage, represented in 
Fig. 3 by the battery. 

As the deflection on the oscillograph should be zero 
when the standard impulses (10 i.p.s., 67 per cent. 
break) are applied, this condition forms a convenient 
means of setting up the time constants of the X and Y 
charging circuits, since in this condition the sensitivi-
ties of deflection are immaterial. The resistances 
Rx and RY are variable, and are adjusted for zero 
deflection with the standard impulsing. The initial 
position of the spot, in the absence of any input, can 
be separately lined up with the centre of the 
transparency, which may have engraved on it a 
target graph similar to Fig. 1. 

The only remaining adjustment to ensure that the 
display is correct, consists in altering the overall 
sensitivity of deflection to its correct value. This 
may be done by applying impulses of known type, 
the target point of which is well removed from the 
centre of the graph (such as 14 i.p.s., 67 per cent. 
break) and varying the sensitivity adjustment 
provided to give the right deflection. A more 
satisfactory method is to apply a cyclic repetition of 
speeds and percentages corresponding to a known 
target area and obtained from the impulse generator. 
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minimum energisation period for satisfactory opera-
tion with existing circuits is of the order of 12 to 
15 mS so that, at 14 i.p.s., reliable operation cannot 
be obtained with a make ratio of less than 20 per 
cent. This lies very close to the normal target area 
and leaves little margin for cases where an extended 
target area is required ; hence the need for a con-
siderable improvement in the switch performance. 

If the coils of the uniselector driving magnet are 
connected in parallel instead of in series as is normal 
with these switches, the operating lag of the switch 
will be reduced. The time constant of the circuit 
remains the same since both the total resistance and 
total inductance are reduced in the ratio 4 : 1, but 
the final current in each coil has twice its previous 
value so that the time taken to reach the operate 
value is reduced. When the armature is operated, 
a smaller value of current will be sufficient to hold 
the mechanism, and this can be arranged as indicated 
in Fig. 4 by allowing the rotary interrupter springs 
d.m. to introduce an additional series resistance R 
into the circuit. When the impulsing contact (I.C.) 

FIG. 4.—MODIFIED UNISELECTOR DRIVE CIRCUIT. 

opens, the current commences to decay from this 
reduced value, and therefore reaches the release value 
in a shorter time than in the normal circuit. The 
types of current wave-form are shown in Fig. 4, 
curve I referring to the normal series connection of 
the coils, and curve II to the modified circuit. The 
minimum energisation period for satisfactory opera-
tion is reduced by this circuit ar angement to 5 mS, 
which gives ample margin to cover most of the 
requirements. Reference to curve II shows that, 
over the major portion of the impulse cycle, the 
current in the magnet coils is much less than with the 
normal series connection ; hence the tendency for 
the windings to overheat during long periods of 
continuous operation is removed ; neither can they 
be burnt out by prolonged seizure. 

Performance of the Measuring Equipment on, Local 
and Distant Impulsing Contacts. 

At the outset it was considered desirable that this 
circuit should be capable of testing impulses from a 
local or from a distant contact. Tests could then be 
made with the generator at one end of a junction 
and the measuring equipment at the other end. This 
would assist in localising a cause of distortion to one 
or other exchange. 

Use has been made in the measuring equipment of a 
polarised telegraph-type relay to achieve the necessary  

uniformity of impulsing performance with variations 
in lead resistance. The polarising winding is energised 
via a resistance, so that normally the tongue is held 
against the back contact. The test contact is wired 
to the operating winding via a limiting resistance. 

Tests on this circuit element have 'shown that the 
output from the relay is distortionless within about 
1 mS for resistances in series with the operating coil 
between some 400 and 2,000 ohms when the polarising 
current is 5 mA and the relay adjusted to give a 
contact pressure of 15 gms. with this value of 
polarising current in either coil. The limiting 
resistance is made 400 ohms to ensure a minimum 
value of lead resistance, so that the permissible loop 
resistance is 1,600 ohms. Tests with artificial cable 
have also given satisfactory results. 

Visual Observation of Measuring Equipment. 
For visual observation a transparent screen is fitted 

over the end of the tube on which is engraved a 
target area corresponding to the central portion of 
Fig. 1. The target display obtained from the 
apparatus under test is then depicted on the tube 
screen, and the impulse characteristics can be 
read directly off the engraving. With this method of 
observation the target diagram can be continuously 
displayed and the effects of changes in adjustments 
or component values of the apparatus under test 
immediately detected. 

Photographic Recording of Measurements. 

Where permanent records of target diagrams are 
required, it is easy to arrange to photograph the 
oscillograph screen. Facilities are provided for 
illuminating the screen from the rear by a diffused 
light, so that the resultant photograph taken directly 
on oscillograph paper appears as a dull grey back-
ground against which the interposed screen engravings 
are indicated as white lines. The test impulse target 
diagram points, as transmitted by the repeating link 
under test, appear as heavy black dots against the 
background. 

It will be realised that the display consists of a 
series of spots, each representing the combined make 
and break times of one impulse. Photographs Nos. 
1-3 of Fig. 5 show typical examples of the photo-
graphic record obtained. The performance of various 
impulse generators as demonstrated by the apparatus 
is shown, and a more detailed discussion of these 
results will be found later. 

General Use of the Impulse Measuring Equipment. 
The impulse measuring unit can be used individually 

to test impulses given by any form of generating 
apparatus. In particular, mechanical regenerators or 
dials may be tested so as to verify that the impulses 
given lie within the required limits both as regards 
speed and ratio. 	With a dial, a given train of 
impulses will not contain the same number of make 
periods as break periods, since at the end of the train, 
the dial springs close, giving in effect a very long 
make period for the last impulse. Due to the delay 
between the charging of condensers which are included 
in the equipment and the display of the charges on 
the cathode-ray tube, the last impulse of a train is not 
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Franking (Postage Meter) Machines. 	 A. H. BURR 

U,D.C. 383: 681.1 

Postage franking machines are of great value to business concerns, as they enable the purchase and fixing of stamps 
to be eliminated. The author describes the types of machines which the Post Office has approved for use in this country. 

Introduction. 

THE employment of the franked impression 
instead of the postage stamp by large users 
of the post has grown rapidly since the 

introduction of the system in this country in 1922, 
and more especially during the past few years. 
The principle is much older, however, since a machine 
which printed and recorded the necessary postage 
value on letters was produced in New Zealand as 
long ago as 1903. This type of machine, although 
modified in many ways to meet the requirements of 
the British Post Office, is still in use in this country, 
but is now regarded as obsolescent. 

America was the next country to realise the 
potentialities of the system, which was introduced 
there in 1920, Germany and Great Britain following 
suit in 1922. Since that time the machines have been 
improved in range and reliability, and there are now 
in use in Great Britain approximately 7,500 franking 
machines of varying types. For the year 1938/39 
the proportion of postal revenue accruing from 
franking machines was approximately 8 per cent. of 
a total of nearly L46 millions. 

When it is realised that some large users of the post 
expend upwards of X250 weekly on postage, one 
advantage of the franking machine, so far as the public 
is concerned, becomes obvious, since the time and 
labour involved in affixing adhesive postage stamps 
to this value can be imagined. An additional advant-
age is that the franked impression is not negotiable, 
and pilfering of stamps, where postage is dealt with 
on a petty cash basis, is eliminated, as is also the 
need for stamp perforation, a system still in use by 
some concerns. 

The Post Office is, of course, cognisant of the 
various advantages of the system to the public. 
Collection of correspondence from pillar boxes is also 
obviated as the licensee is required, as a condition 
of the license, to hand in franked correspondence, 
ready faced and bundled, at a prescribed posting 
office, where it can be passed direct to the primary 
sorting position, the cancellation of franked im-
pressions by a stamp cancelling machine being 
unnecessary. The necessity, however, for a strict 
accounting system to be maintained to ensure safety 
of revenue, and for frequent checks of various kinds 
being made, largely outweighs this, and any other 
advantage to the Post Office, such as saving in 
printing costs and storage charges necessary for 
adhesive stamps. 

For those who are not familiar with the system, the 
functions of the franking machine are set out as 
follows. 

The machine must print :— 
(1) The postage value, shown in a frank of 

approved design and colour ; 
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(2) An index number indicating the office of 
origin ; 

(3) An officially approved postmark of the 
town, together with the date. 

At the same time the recording mechanism must 
maintain an accurate record of postage used. The 
user is also permitted to use an advertising slogan 
of limited dimensions, which is printed simultaneously 
with the frank and postmark. For packets or other 
bulky parcels which cannot be franked direct by the 
machine, franked adhesive labels of approved design, 
and exhibiting the users name and address may be 
used. Franked impressions may also be used to denote 
the amount of telegraph and customs charges and 
certain other fees, but as this article is primarily 
intended to describe the machines from a technical 
standpoint, it is not proposed to include details of 
these facilities. 

There are two firms in this country whose franking 
machines of different types have been officially 
approved for use. These are Messrs. The Universal 
Postal Frankers, Ltd., and Messrs. Roneo-Neopost, 
Ltd. These companies have entered into a bond, 
under the terms of which the British Post Office is 
indemnified against losses of revenue due to faulty 
meters, or to fraudulent usage. Fortunately, dis-
crepancies which come to light during close checks 
maintained by the Post Office can usually be 
satisfactorily adjusted, and so far there has been 
no instance in which either company has been called 
upon to fulfil the conditions of the bond. 

Franking machines are sold direct to the licensees. 
The meters for Pitney-Bowes machines, however, 
which are separate from the machine proper, are 
issued on a rental basis. The Post Office is not con-
cerned in any way with prices or rental arrangements. 
The franking dies always remain the property of the 
manufacturers, who undertake to recover them and 
otherwise take responsibility for safe custody if a 
machine is for any reason surrendered or put out of 
use. Maintenance and regular servicing of the 
machines is carried out by the manufacturers, by 
arrangement with the users, and the manufacturers 
are required to forward a periodical certificate of 
good condition to the Post Office, in respect of each 
machine. 

All new models must be approved in principle and 
in detail by the Engineering Department in con-
junction with the Postal Services Department of the 
Post Office. In addition, rigorous tests are carried 
out to ensure that :— 

(1) The machine and especially its recording 
mechanism is mechanically robust and 
likely to give reasonably fault-free service 
over a number of years. 



(2) The recording mechanism and sealing 
arrangements are fool and tamper proof, 
and such as to minimise the possibility of 
fraudulent usage. 

It is also desirable that the " setting " of the 
machines, where necessary, and subsequent re-
sealing can easily be carried out by non-technical 
officers. 

Before a new machine can be put into service the 
Postmaster-General issues a license which sets out 
fully the conditions under which franked impressions 
may be used for postage, telegraph and other prepaid 
charges, and which also contains complete details 
regarding the machine in respect of which it is issued. 
These are the number and type of the machine or 
meter, description of postmark, setting unit, value 
selections, etc. The prescribed setting office may or 
may not be the Post Office at which franked postage 
matter is handed in. 

Each machine is provided by the manufacturers 
with two record cards or books, containing full 
particulars of the machine, license number, etc., 
and in which full details of all credit purchase 
transactions, and meter readings are entered at the 
setting office. One card is held at the setting office, 
and the other by the licensee. 
Accounting Methods. 

A " unit " system has been adopted for accounting, 
and for credit prepayments. The unit varies, but is 
generally one halfpenny. On certain machines, 
described later, the unit value is one shilling. A pre-
payment of say f 10 thus entitles the user of a machine 
to credit amounting to 4,800 units, or 200 units 
where the machine has a unit value of one shilling. 
The unit system enables decimal meters to be used 
and avoids the difficulties which arise due to sterling 
being non-decimal. The New Zealand machine 
already mentioned actually registers in sterling, but 
such a machine, if required for use in other countries, 
especially those with decimal currency, would need 
gearing alterations. The multi-value machine, which 
is described in some detail later, records in shillings, 
pence and halfpence. The unit is one shilling, 
however, and for setting purposes the meters are 
arranged in the same way as those whose unit is one 
halfpenny, i.e., the shillings part of the meter. having 
units, tens, hundreds and thousands wheels. This 
machine, if required for use in a decimal currency 
system, would, of course, require alteration of the 
pence and halfpence counter gearing. It will be 
appreciated that the unit system enables the majority 
of machines to be used in any country, irrespective of 
the nature of currency in use, since the only alteration 
required would be the actual unit value and frank 
selection designations. 

Machines are usually arranged to print a selection 
of franks, subject to a specified maximum value 
dependent on the type of meter fitted. Where the 
" Veeder " type counter is employed it has been found 
that this is unreliable if the maximum number of 
units registered per operation exceeds 25. Thus on 
machines fitted with " Veeder " or cyclometer type 
counters, and having a unit value of id. either a single 
value or a selection of 2, 3 or 6 values may be made 
available, the lowest and highest being id. and ls.  

respectively, and the intermediate values being any 
multiple of -id. The machines are also arranged so 
that should a value higher than the maximum be 
required, a cover or label may be impressed with two 
or three franks as required giving the requisite total 
value. If the maximum value required is higher 
than one shilling, with a unit value of id., machines 
employing a different type of counter are used. 

When a new machine has been licensed, the 
prospective user must present it at the setting office, 
where credit is purchased, and, if necessary, the meter 
of the machine set accordingly. The licensee may 
then frank correspondence covers and parcel labels 
on his own premises until credit is exhausted, when a 
further prepayment must be made. He must also 
prepare, daily, and tender with the final consignment 
of franked post, a slip known as a " Posting Docket," 
on which details of final meter readings are entered, 
together with the licensee's name and machine 
number. This is a condition under which the licence 
is issued, and this form must be tendered whether 
the machine is used or not. The dockets are kept at 
the setting office and prove of the greatest use in 
tracing any discrepancies which may arise. 

There are, broadly speaking, two types of machine, 
i.e., those with single counters or meters, and those 
with two. In the first the single meter simply registers 
the number of units used by the machine, and when 
credit is exhausted, the meter reading having reached 
a predetermined figure, the licensee is required to 
take the machine to the setting office for renewal of 
credit. When a new machine of the single meter type 
is first presented the counter shows cyphers only, 
i.e., 000,000. Payment of, say, L20 entitles the 
licensee to 9,600 units, and to use the machine 
until the counter reads 009,600. On renewal of credit 
for the same amount, the machine may be used until 
the counter reading reaches 019,200, and so on. 

Machines of this type have the advantage of 
simplicity, and setting and sealing of the meters on 
renewal of credit is unnecessary. Should a meter 
fault develop, however, there is no check on possible 
discrepancies, other than average daily usage as 
computed from the daily posting dockets. It is of 
assistance if the licensee maintains an independent 
posting record. Practically all users of franking 
machines, and therefore comparatively large users of 
the post, are reputable concerns, and it is fortunately 
seldom that a satisfactory settlement cannot be 
reached. 

With those machines fitted with two meters, or 
counters, one is known as the " credit " meter or 
sometimes the " descending register," and the second 
is called the " totalisator " or " ascending register." 
The meters are geared to work in unison after credit 
has been set up and the meters sealed. Two-meter 
machines are invariably arranged to lock automatic-
ally to prevent further operation when credit is 
exhausted. This locking point varies somewhat, but 
on the Universal " Midget," the machine " locks off " 
after the impression which reduces the remaining 
credit to less than 50 units. For instance, if the 
credit meter reads 00052, and a frank for a value of 
6d. is impressed, 12 units are deducted leaving the 
credit figure at 00040, at which the machine locks. 
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The reason for this may not appear clear, and is 
explained as follows : if the machine were arranged 
to lock when credit was reduced to zero the final 
reading, if the meter stood at, say, 00002, would be 
00002-12 units, which would give a final reading of 
99990. This figure is, of course, not a true indication 
of remaining credit, which has, in fact, been overspent. 
Further, when credit is renewed there is the tendency 
to add the number of units paid for to the existing 
credit meter reading. If, for instance, 2,400 units 
are purchased the total would be 99990 + 2400 = 
(1)02390. This is, of course, incorrect, apart from the 
fact that the meter cannot in most machines 
accommodate more than 5 digits, and the sixth figure 
must be dropped. It is principally to obviate possible 
confusion in accounting that meters are arranged to 
lock at a figure sufficiently high to prevent the final 
reading falling below zero. By this means, also, a 
small amount of credit is kept in hand when the 
machine locks. 

On the multi-value machine, the maximum 
impression of which is 29s. n id., the meters are 
arranged to lock the machine immediately credit falls 
below this maximum value. Thus, if the credit meter 
stands at 30s. and a Id. frank is used the meter will 
lock at 29s. 11d. If, on the other hand, a frank for 
the maximum value is used, the machine will lock at 
id., the final reading thus never falling below zero. 

The principal advantage of the two meter locking 
machine is that safety of revenue does not depend 
on the reliability of a single meter. It is extremely 
unlikely that both meters will develop a fault simul-
taneously. If either meter fails to record correctly, 
the fact becomes immediately obvious when the two 
readings are totalled and compared with the total 
figure obtained at the last setting of the machine. 
Daily usage, calculated separately for each meter 
from the figures given on daily posting dockets, 
enables the faulty meter to be detected. 

With this type of machine the locking feature 
renders it imperative for fresh credit to be purchased 
before the machine can again be used. When setting 
of fresh credit has been carried out, the meter door 
has to be closed and sealed with wire and a lead seal, 
special sealing pliers which impress the code letter 
of the setting office on the seal, being provided for 
use by setting officers. This is, of course, unnecessary 
on single meter, non-locking machines. Access to 
the meters cannot be obtained without breaking this 
seal. In addition the covers of all machines are 
sealed by the manufacturers to ensure that the cover 
cannot be removed and the interior mechanism 
tampered with, without this fact becoming apparent. 

The Universal Midget Machine. 
Fig. 1 shows, diagramatically, the arrangement of 

the two meters, as fitted to the Universal " Midget " 
machine. 

The drive to the credit meter and totalisator is 
through a common pinion which is in turn actuated 
by a mechanism similar to that shown in Fig. 3. This 
common drive ensures that the meters, while operating 
in unison, shall count in reverse directions, the 
totalisator moving up, and the credit meter down. 
The drive is received on the units wheel of the credit 
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TOTALISATOR 

PORTION OF CREDIT METER 
FIG. 1.-ARRANGEMENT OF METERS AND DRIVE OF " MIDGET " 

MACHINE. 

meter, the necessary operation of the tens, hundreds, 
thousands and ten thousands wheels being carried 
out as follows : at the rear of the credit meter is a 
shaft which carries a series of small free pinions called 
geneva wheels, which engage with the teeth of the 
credit meter wheels. The genek a wheels have, on 
one side, a portion of alternate teeth cut away. 
Each credit wheel flange is provided with a lateral 
projection in which is cut a slot of sufficient width to 
take the teeth of a geneva pinion. When the units 
wheel reaches zero this projection engages with a 
cut-away tooth on the geneva. At the next operation, 
when the credit wheel turns to 9, the geneva is rotated, 
carrying with it the tens wheel, which turns down one 
division, the projection on the units wheel also clearing 
the gene va pinion. This " carry-over " or " transfer " 
as the operation is called takes place in a similar 
manner when the hundreds, thousands and ten 
thousands wheels are required to turn down to the 
next figure as credit falls. The totalisator meter of 
the " Midget " machine is of the " Veeder " type, 
and is driven direct, as shown, by the common drive 
pinion, the turnover mechanism being internal. 

The l,ocking mechanism of a " Midget " machine is 
shown in Fig. 2. This is typical of most types, 
which, however, vary considerably in detail and 
construction, but embody the same principles. 
Beneath the credit meter is the spring-loaded "locking 
bar." This, when the meter has been " set," is held 
in position against the action of its spring by four 
projections on the locking triggers which engage 
with four slots in the locking bar. The locking 
triggers are carried on a shaft below, and slightly to 
the rear of the meter wheels. Each trigger is 
separately spring-loaded, and bears normally on the 
flange of the relative credit meter wheel. A cam is 
provided on the flange of the ten thousands, thousands, 
hundreds and tens wheels. As credit is expended, 
each of the first three wheels, in the order given, 
turns down to zero. In this position the cam engages 
with the trigger and forces the projection out of its 
slot in the locking bar. The spacing of the slots and 
triggers is arranged so that locking takes place 
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falls below 100 units. In addition to franking and 
postmarking, the " H " machine also moistens and 
seals the flaps of covers, a water reservoir and 
moistened brushes being incorporated for this 
purpose. 

Single Meter Machines. 
Fig. 3 shows the simple mechanism of a single-meter 

machine. The value selector lever moves the 
interrupted gear assembly along the main shaft on a 
sliding key-way to bring the relative gear opposite 
the gear of the Veeder type counter. Operation of 
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FIG. 3 —VALUE SELECTION AND COUNTER DRIVE OF SINGLE 

COUNTER, NON-LOCKING MACHINE. 

successively from the highest digit downwards. The 
locking bar, as each of the three wheels reaches zero, 
is then forced slightly to the left until arrested by 
the trigger of the next wheel. The condition is then 
reached, when the first three wheels are reading zero, 
that the locking bar is held only by the trigger of 
the tens wheel. The Midget machine locks, as already 
explained, when credit falls below 50, and the cam 
is therefore arranged so that the trigger is engaged 
when the tens wheel turns to 4 ; that is, when the 
final credit figure falls to 00049, 00048, etc. When 
the remaining trigger is thus engaged the locking 
bar " shoots " under the action of its spring. By an 	the machine handle then rotates the printing drum, 
arrangement of levers, actuated by the movement of 	on which are carried the franking and postmarking 
the locking bar, the operating handle of the machine 	dies, and, if used, the slogan die. The actual printing 
is effectively locked, preventing further operation. 	value of the frank die is changed during the value 
On renewal of credit the opening of the meter door 	selecting operation by a rack carried by the interrupted 
to its fullest extent by the setting officer automatically 	gear assembly. The value figures on the die itself 
unlocks the machine, forcing the locking bar back to 	are engraved on a drum fixed to a pinion which 
its position relative to the triggers. The setting of 	engages with the value change rack. Movement of 
the wheels by hand to the required figure removes 	the value change lever rotates this drum to the 
the cams from zero position and allows the triggers 	position in which the relative value face is flush with 
to enter their respective slots. 	 the surface of the franking die. 

The Midget machine gives a selection of 5 values, 	Various models of " Neopost " and Universal 
from id. to is. maximum, with the Id. unit, with 	machines are now in use. With one exception, that 
any desired intermediate values. Value selection is 	of a 12 value machine, which, however, is not yet in 
aranged in a similar manner to that shown in Fig. 3, 	production, " Neopost " machines are of the single 
by means of sliding interrupted gears. When credit 	meter, non-locking type. 
is exhausted and the machine is locked and is 	The " Neopost " machine, as illustrated in Fig. 4, 
presented for renewal of credit, the opening of the 	is available in a range giving either single values 
meter door releases the lock, as already described. 	or 2, 3 or 6 value selections. The maximum 
Inside the meter door, between the credit and 	denomination, where the Veeder type counter is 
totalisator meters is a setting lever, which, when 	employed is, as mentioned previously, limited to 25 
lifted by the setting officer, raises the geneva pinions 	times unit value. Should the licensee require a 
out of engagement with the teeth of the credit 	machine to frank higher values than this maximum 
wheels. This allows the setting officer to move the 	a different counter is employed. This is of the flat 
tens, hundreds, thousands and ten thousands wheels 	disc type similar in appearance to an electricity meter, 
to the desired setting. The units wheel cannot be 	having flat figure dials. This counter has been 
moved, as this remains in engagement with the 	approved for recording up to 100 units per operation, 
common driving pinion. On completion of setting 	and is known, therefore, as the " 100" type counter. 
the setting bar is replaced, the genevas dropping 	The maximum franking value obtainable is, with the 
back into place on the credit wheels. 	 id. unit, 4s. 2d., but the values usually range between 

This machine is a development of the now obsolete 	Id. minimum and 4s. 
" H " machine, and is very similar except that it is 	An interesting feature of this meter is the method 
more compact. The " H " machine locks when credit 	of operation by the interrupted gears. The arrange- 
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size. The locking meter mechanism employed is 
similar in principle to that of the Midget machine and 
both ascending and descending meters are geared to 
work in unison. 

On the multi-value model, the values available are 
from id. to 29s. 1 lid. in i-d. steps, amounting to a 
selection of some 719 different values. This wide 
range is obtained by a value selector system employing 
what is known as a " ducking " tooth principle. This 
is illustrated in Fig. 6. Each digit of the value 

SELECTOR 
GEAR 	 VALUE SELECTOR 

LEVER 

-1 	 

A 
O
SSE
LL

OMBL
W SHAF  

IES 	 GEA
T 	VALUE CHANGE 

FIG. 7.--VALUE CHANGE MECHANISM. 

die are changed simultaneously with the selection of 
values is shown in Fig. 7. Each value selector unit 
gear meshes with another gear mounted on the end 
of a hollow shaft. On the multi-value model there 
are four such shafts, one inside the other. Movement 
of the selector gears during value selection is 
transmitted by the hollow shafts to a nest of bevel 

selection corresponds to a separate figure on the 	gears connected with the four figure printing wheels, 
franking die, there being thus, for a value of, say, 	which are rotated thereby to the correct position 
29s. 112d., a row of four-digit selectors, i.e., 2, 9, 11 	relative to the die face. 
and id., the value selecting mechanisms being 	The " Junior " and "3 Bank" models differ from 
mounted on a common shaft. The selector lever 	the Multi-Value model only in that, in the first 
actuates a cam, which engages internally with a series 	machine, the tens and units shillings selector, and in 
of steel teeth. When the lever is moved to the 	the second, the tens selector, are absent. The 
required position, the cam causes certain teeth to be 	machines, however, work in exactly the same way. 
projected and form an interrupted gear. That is to 	An additional feature of these models is the trip 
say, if the value selected is for an impression of 	mechanism, which prevents wastage of impressions 
18s. 6fd., the four selector levers are set to cause, 	due to inadvertent movement of the operating 
1, 8, 6 and 1 teeth to be projected from the shillings 	handle, which must complete its cycle. The trip is 
tens and units discs and pence and halfpence discs 	operated by the insertion of correspondence in the 
respectively. 	 printing aperture, the depression of the trip tongue 

The meter gearing and transfer arrangements are 	freeing the operating handle. In most other machines 
rather more complex than those of the Midget 	a thumb trip lever is provided, which, while prevent- 
machine, as the pence and halfpence wheels must be 	ing accidental operation, does not guard against 
geared to translate pence into shillings and complete 	wilful misuse by irresponsible persons. 
the carry over to the units wheel when necessary. 	It should be explained that the majority o f 
In addition, when the value selected includes tens of 	" Neopost " and " Universal " machines can be 
shillings, these are transferred direct to the tens wheel 	adapted for power drive, which scheme is often 
of the meters, which in turn completes the carry over 	adopted by licencees whose posts are fairly heavy 
to the hundreds wheel when necessary. 	 but who do not consider the cost of a machine such 

When the machine is presented for renewal of 	as the Pitney-Bowes type justified. 
credit the action of unsealing and opening the meter 
door automatically unlocks the meter wheels, and in 	Acknowledgement  
addition disengages the geneva transfer pinions, 	Finally, the author would like to express his thanks 
allowing the wheels of the descending register, or 	to Messrs. Roneo Neopost, Ltd., and Messrs. Universal 
credit meter, to be set to the required position by 	Postal Frankers, Ltd., for permission to publish 
hand. 	 details of their products, and for other useful 

The method by which the printing figures on the 	information furnished. 
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Apparatus for the Measurement of Insertion 
Phase Shift at Radio Frequencies 

U.D.C. 621.317.363.029.6 	 R. F. J. JARVIS, Ph.D., and E. F. S. CLARKE, B.Sc. 

The design and development of apparatus giving a direct visual indication of insertion phase shift at radio frequencies is 
described. The theory of the method used and of the principle of operation of the rotary phasemeter are given in detail. 

Introduction. 

I
N the development of television apparatus, 
particularly that required for line transmission 
of television signals, it soon became evident that 

apparatus capable of measuring phase shift over a 
wide frequency range would be of great assistance. 

Phase measuring apparatus, in which the phase 
comparison between two voltages of high frequency 
is made at the incoming freqUency, cannot readily 
be designed to give a direct reading of phase difference 
on a meter. If the two points, between which the 
phase difference is to be determined, are connected 
to two identical frequency changers operated from a 
common beating oscillator, the phase difference 
between the two difference frequency outputs is the 
same as that between the two points, and the phase 
comparison can then be made at a constant difference 
frequency. Valve circuits have been employed in 
the past to make this comparison, but calibration 
curves are generally needed, and switching arrange-
ments to determine in which quadrant the phase 
angle lies. Mr. A. J. Gill suggested that these could 
be avoided by using a difference frequency sufficiently 
low to enable a rotary phasemeter to be employed 
to measure the phase difference at that frequency. 
As the reading of this type of meter is not independent 
of frequency, it was thought desirable to obtain a 
meter operating on as high a frequency as possible, 
so that absolute frequency changes in the signal or 
beating oscillators would be accompanied by the 
smallest possible percentage change in difference 
frequency. The manufacturers of the rotary phase-
meter thought that the highest practical frequency 
for the operation of an instrument of this type was 
750 c/s. 

Considerable difficulties were encountered both by 
the manufacturers of the phasemeter and by the 
Post Office in the development of the apparatus, 
although these have now largely been overcome. 
The apparatus described is intended only for inser-
tion phase measurement, i.e. the measurement of 
phase difference between two points both of which 
can be connected to the apparatus. It can therefore 
only be used on line measurements when a loop 
circuit can be formed. 

Outline of the Apparatus and Method of Operation. 
The principle of the operation of the apparatus 

will be understood by referring to Fig. 1. The 
oscillator supplies a voltage at the desired frequency 
which is applied to the frequency changer No. 1 and 
to the input terminals of the apparatus under test. 
The voltage appearing at the output terminals of 
the latter is applied to the frequency changer No. 2. 
The beating oscillator injects a voltage at a suitable 
frequency into both frequency changers, and the 
output voltages, at the difference frequency, are 
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FIG. 1.—SIMPLIFIED DIAGRAM OF APPARATUS. 

applied to the phasemeter which gives a visual 
indication of the phase difference between them. 
This difference is equal to the difference in phase 
between the signal frequency voltages applied to the 
two frequency changers. 

Proof of the latter statement is given in Appendix 1, 
where it is shown that if the voltage applied to the 
frequency changer 1 is Vl  sin cot, and that applied 
to the frequency changer 2 is V2  sin (wt + 0), i.e. 
leading the former voltage by an angle 0, and the 
voltage applied to each from the beating oscillator is 
V3  sin ail  t, then the respective difference frequency 
output voltages will be of the forms 

-2
1  

K 	V3  cos ± (co — a) t 
and 

1 
K2  V2  V3  cos ± { (co — cor) t 	} 

the positive signs corresponding to co/  < w, and 
the negative signs corresponding to coi  > co. 

When the beat oscillator frequency is less than the 
signal frequency the phase difference between the 
difference frequency output voltages is therefore 
equal and opposite to that obtained with a beat 
oscillator frequency greater than the signal frequency. 
This fact has been found of value, when operating the 
apparatus to be described, as a means of improving 
its accuracy. 

A schematic diagram of the complete apparatus 
is shown in Fig. 2. The oscillator feeds equal voltages 
of the same phase into the circuit under test and into 
a buffer amplifier which precedes one of the frequency 
changers. In the anode circuit of this frequency 
changer valve are a 750 c/s band-pass filter and an 
attenuator, the output from which is amplified to 
110 V R.M.S. to feed the rotor coil circuit of the 
phasemeter. In the anode of the first amplifying 
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FIG. 2.—APPARATUS FOR MEASURING INSERTION PHASE SHIFT. 

valve is included a resonant circuit designed to com-
pensate the phase angle/frequency characteristic of 
the stator coils of the phasemeter. 

The output side of the circuit under test is con-
nected to a similar buffer stage and frequency 
changer. There is no attenuator in the output 
circuit of this frequency changer, but following the 
filter is a capacitance and variable resistance network 
to introduce a variable phase shift. This is used to 
equalise the phase shifts in each frequency changer 
and its associated filters, amplifiers and wiring. 

The beating oscillator is designed to be very stable, 
for reasons explained later. 
The Rotary Phasemeter. 

As the apparatus is, to a large extent, built round 
the phasemeter, it is proposed to describe this 
instrument and its associated components in some 
detail. 

The rotary phasemeter employed is a modified 
version of a type of rotary synchroscope used on 
power switchboards to synchronise 50 c/s alternators. 
A simplified version of the circuit is shown pictorially 
in Fig. 3. Coils A and Al  are air core coils and are 

006` 
L  

B1  c> 

R I  RI  
"----1AANVVsr—1 

0 	 0 	0 
MI 	 M2 	 Vi 	V2  

FIG. 3.—ROTARY PHASEMETER. SIMPLIFIED CIRCUIT DIAGRAM. 

connected in series with a resistance R1  across one 
pair of terminals The value of R1  is made high 
compared with the reactance of the coils so that the 
field produced by A and Al  will be approximately in 
phase with the voltage applied to the terminals M1, 

'M2. The coils are fixed together with only a narrow 
gap between them so that in this region an approxi-
mately uniform field is produced. 

Two smaller coils B and B1  are fixed inside A and Al  
with their common axis passing through the centre 
of the gap and perpendicular to the axis of A and A1. 
These two coils are connected, in series with a resis-
tance R and inductance L respectively, across the 
other two terminals V1  and V2. It will be seen that, 
provided R and L are large compared with the 
impedances of B and B1, the current and field in B 
will be in phase with the voltage across V1  and V2, 
whereas the field in B1  will lag behind the voltage 
by it/2 radians. 

The spindle of the instrument passes through the 
axis of B and B1  and to it are fixed four vanes of 
magnetic material and of quadrant shape. They are 
arranged in pairs diametrically opposed on the spindle 
at either end of each coil, as shown in Fig. 3, there 
being a relative angular displacement of 7712 radians 
between the two pairs. The material of the spindle 
itself is non-magnetic, but there are two sleeves of 
magnetic material placed over the spindle which 
connect the vanes of each pair. The magnetic vanes 
tend to produce a concentration of the radial flux in 
coils B and B1  along the lines bisecting the vanes. 

It is shown in Appendix 2 that if voltages V sin cot 
and V sin (wt + 0) are applied to the terminals 
M1  M2  and V1  V2  respectively, the total torque on 
the spindle will be 

k V2  sin (0 — /2RIZ1  

where k is a constant of the instrument and 0 is the 
deflection of the vanes. If this is plotted against 0 
for any value of q  it will give a sine curve which passes 
through zero at 0 = and 0 = ± n7r. The slope of 
the curve at 0 = 	n7r will be positive when n is 
zero or even, and negative when n is odd. For 
practical purposes only the values of 0 between 0 and 
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21T need be considered since the phasemeter registers 
only 0-360°. Suppose the torque is regarded as 
positive in a clockwise direction and that increasing 
angles are represented in the conventional manner 
by anti-clockwise rotation. Then at 0 = a small 
increase in the value of 0 will result in a clockwise 
torque being exerted on the pointer and a decrease 
in 0 will result in an anti-clockwise torque, so that in 
each case the torque tends to restore the original 
conditions of equilibrium and the reading 0 = ch is a 
stable condition. At 0 = q + 7r, however, an increase 
in 0 will result in an anti-clockwise torque tending 
to increase 0 still further so that this position is one 
of unstable equilibrium and may in practice be 
ignored. Thus there is no ambiguity in reading the 
correct value of 0. The two positions are shown in 
Fig. 4, where the torque scale reading curve for 

+1 0 

a+5 

aN- 

z 

z 

.4"  
B 

 

M 

= 45° is shown ; curves for other values of 4. will, 
of course, be identical in form but displaced in a 
horizontal direction. 

In deriving the above simple expression for the 
torque in the instrument various assumptions have 
been made, some of which are not fully justified in 
practice. It is assumed, for example, that the 
" stator " coils produce a uniform field in the gap 
between them, that the coils B and B, with their 
associated pairs of quadrants are electrically and 
magnetically similar, and there is no interaction 
either between the coils themselves or between the 
" stator " and " rotor " coil systems. It is also 
assumed that the impedance of coils B and B, is 
negligible in comparison with R and coL, and that 
ideal conditions exist, such as perfection of mechani-
cal balance of the moving system and absence of 
friction and external fields. Although these ideal 
conditions are not in fact attained, they are 
approached to such a degree that the above theory 
may be regarded as an approximate explanation of 
the operation of the instrument. 

It has been found possible to obtain fairly good 
agreement between scale reading and phase angle 
by careful choice of the resistances and reactances 
placed in series with the coils B and B1. 

It was considered that a standard 50 c/s instrument 
was unsuitable for the purpose required owing to the 
very high degree of frequency stability which would 
be needed for two oscillators to maintain accurately 
a difference frequency of 50 c/s. Although very 
little information was available regarding the per- 
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formance of such a phasemeter under conditions of 
varying frequency, it seemed obvious that a much 
higher working frequency was desirable, so that an 
absolute change in oscillator frequency would 
represent a smaller percentage change in difference 
frequency. Only one firm could be found which was 
prepared to undertake the development work involved 
and this firm was unable to produce an entirely 
satisfactory instrument. The phasemeter eventually 
supplied had to be considerably modified to meet 
requirements. The final circuit is shown in Fig. 5. 

COMPONENTS MOUNTED 
OUTSIDE PHASEMETER CASE 

FIG. 5 —FINAL CIRCUIT ARRANGEMENT OF PHASEMETER. 

The given component values were found by experi-
ment to give the best results. It was found by 
calculation that the current in the inductive branch 
lags behind the applied voltage by about 25° and the 
current in the capacitance branch leads by about 45°. 
There is, therefore, a phase difference of about 70° 
between the currents flowing in B and B1  which, 
although far from the theoretically correct angle of 
90°, is considerably nearer than in the original 
circuit. The impedance of both branches has been 
raised but there still exists a difference of nearly 
50 per cent. in their magnitudes. With the final 
circuit components the maximum error in the linear 
phase scale of the instrument was 4° at 750 c/s. 

Calibration of the Phasemeter. 
The calibration of the phasemeter was carried out 

by means of a specially designed and constructed 
750 c/s 0-360° calibrating unit, the circuit diagram 
of which is shown in Fig. 6. The variable phase 
output voltage is obtained from two of the four 
tapped resistance potential dividers R1  — 124  which 
form part of two constant resistance networks. By 
suitable choice of values for L and C, quadrature 
relationships exist between equal currents flowing in 
the four potential dividers, and by taking successive 
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control grids of the frequency changers are even more 	in a circuit in which the valve exhibits a negative 
important. Owing to the " induction " effect exhibited 	resistance characteristic. Although the principle of 
by octode frequency changer valves, a voltage at the 	this circuit is not new, it is becoming increasingly 
beating oscillator frequency is produced on the 	popular in the U.S.A. under such names as the 
control grid and this voltage may actually be 	" Retarding Field " and " Transitron " oscillator. 
greater than that of the incoming signal. When 	The circuit is somewhat similar to that of a dynatron 
measuring the insertion phase shift of a circuit with 	in that the mean potential of the screen is higher 
zero loss or gain therefore, in the absence of buffer 	than that of the anode and the control grid is main- 
valves the voltage induced on one frequency changer 	tained at a potential approximately equal to that of 
grid will appear on the signal grid of the other with a 	the cathode. The suppressor grid of the pentode, 
phase change dependent upon the characteristic of 	however, is maintained at a mean potential slightly 
the network. If the effect were reversible the net 	below that of the cathode but at the same H.F. 
effect, assuming identical frequency changer valves, 	potential as the screen grid. An increasing potential 
would appear to be that of changing the phase of the 	on the suppressor and screen grids results in a 
beating oscillator, there being no resultant change 	decreasing input current to the tuned circuit con- 
in the relative phase angle of the difference frequency 	nected in series with the screen grid supply, so that 
outputs. Since, however, the network may not be 	the valve appears as a negative resistance across this 
symmetrical and may include one or more repeaters 	circuit. The arrangement is outlined in Fig. 9, the 
the effect may not be reversible. In this case, if 	tuned circuit switching arrangements being omitted. 
intermodulation occurs between the signal and the 	The frequency changer panel described is the 
unwanted beating oscillator voltage on the signal 	original laboratory experimental model. Experience 
grid, a corresponding difference frequency component 	in the actual use of the equipment has enabled certain 
of spurious phase position will be produced and an 	suggestions for improvement to be made, and these 
error in phasemeter reading will result. The use of 	will be incorporated in a later design. 
H.F. pentode buffer stages effectively eliminates 
errors arising from this cause. 	 The Crystal Controlled Oscillator. 

In view of the fact that the phasemeter will read 	When making measurements of delay and differ- 
correctly only over a narrow band of frequencies the 	ential delay oa rep .ater lengths of coaxial cable by 
stability of the beating oscillator is a matter of 	insertion phase shift measurements, it is essential to 
primary importance. The short period stability 	use an oscillator of accurately known and very 
must be such that during a measurement the change 	constant frequency to feed the circuit under test. 
in frequency does not exceed ± 50 c/s or preferably 	The crystal controlled oscillator was designed 
the minimum change visible on the resonance indi- 	primarily for such a purpose, and consists of a 50 kc/s 
cator (about ± 5 c/s). The most likely cause of 	rectangular qu Ira plate crystal oscillating in a 
short period instability being supply mains variations, 	temperature c J scrolled chamber, together with means 
both H.T. and L.T. voltages are fully stabilised, and 	for producing, selecting and amplifying harmonics 
the stability is further improved by using a type of 	from the 2nd u? to the 64th. 
oscillator which is less susceptible than most to 	The crystal valve is a pentode used as a triode 
supply variations. 	 oscillator with an electron-coupled output circuit. 

This oscillator employs a pentode valve operated 	This arrangement was adopted with a view to 
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minimising the effect upon the crystal frequency of 
any changes in the output circuit. The crystal is 
of the gold sputtered type, and is mounted hori-
zontally. The holder is of a special type designed to 
grip and locate the crystal so that it cannot shift, 
even if the apparatus is subjected to rough usage 
as may occur during transport. The oven is of very 
simple construction, consisting of a section of heavy 
gauge brass tube, and the temperature is thermo-
statically controlled at about 50° C. 

The fundamental 50 kc/s component is removed 
by a 75 kc/s H.P. filter in the anode circuit of the 
crystal valve, and the 2nd, 4th, 6th or 8th harmonic 
is selected for further amplification by one of four 
band-pass filters. To improve this selection a second 
set of filters is incorporated in the second amplifier 
stage, and amplitude equalisation of the four fre-
quencies is provided in the third stage. Harmonics 
of any one of these frequencies are produced in the 
fourth stage, any desired harmonic being finally 
selected by manually tuned band-pass circuits 
covering the range of 100 kc/s to 3.2 Mc/s in four 
ranges. Two further stages of harmonic amplification 
are provided, and the oscillator is capable of supplying 
at least 5 V (R.M.S.) into a load of 75 ohms at any 
frequency which is a multiple of 200, 300, or 400 kc/s 
up to 3.2 Mc/s. This also applies to frequencies 
which are odd multiples of 100 kc/s at frequencies 
up to about 2.0 Mc/s, these harmonics falling off 
somewhat above the latter frequency. At a 
frequency of 3.2 Mc/s, where the selectivity is worst, 
the discriminations to frequencies separated by 100, 
200, 300, and 400 kc/s are respectively about 25, 49, 
69, and 85 db. 

The random change of frequency measured over a 
period of some hours was about 0.2 c/s, and a change 
of that order also occurred when the apparatus was 
subjected to a severe mechanical shock. 

The oscillator panel is shown in Fig. 8, to the left 
of the phasemeter panel. 

The Network Termination Panel. 
This panel is shown immediately below the crystal 

controlled oscillator in Fig. 8, and serves as junction 
and distributing point between the oscillator, fre-
quency changer panel and the network under test. 
Provision is also made for the insertion of inequality 
pads so that networks having impedances other than 
75 ohms may be measured. This facility takes the 
form of copper screening boxes containing soldering 
tag connecting points where series or shunt resistance 
elements may be inserted. A 75 ohm attenuator 
consisting of three pads, 5, 10 and 20 db., is included 
in the input lead which is common to both the 
network under test and the " reference phase " side 
of the frequency changer panel. 

Power Supplies. 
The complete equipment is designed to work from 

50 c/s A.C. mains, each rack being self contained. 
The power pack for the frequency changer panel 
supplies stabilised H.T. and G.B. voltages of 240 and 
120 V respectively. The heaters of the valves are 
supplied from a separate 4 V transformer, stabilised 
on the " saturated core " principle. 
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Similar power equipment is provided for the 
crystal controlled oscillator. 

Mains Distribution Panels. 
In order that the apparatus should be readily 

transportable it was decided to use racks specially 
constructed of standard duralumin sections. 

The mains distribution panels are fitted at the 
bottom of each rack. Connection to the 50 c/s 
supply is effected at the back to one panel by a 3-way 
shielded plug and socket, the two panels being inter-
connected by a short cable link and similar plugs 
and sockets to facilitate separation of the two racks 
for transport. Fuses are mounted on the front of 
the panels, as shown in Fig. 8. 

Operation. 

The procedure in making measurements of insertion 
phase shift is both simple and straightforward. 
Certain precautions are, however, necessary if 
accuracy is to be attained, especially when operating 
at high frequencies and when the network to be 
measured introduces insertion loss. Under these 
conditions the following procedure is adopted. This 
can best be understood by reference to Figs. 2 and 9. 

The " network in " and " network out " sockets 
on the left-hand side of the network termination 
panel are first connected together by a short length 
of flexible coaxial lead, and the signal oscillator set 
to the required frequency. The attenuator on the 
frequency changer panel (" variable phase " circuit) 
is set to zero and the output from the network 
termination panel adjusted to about 1 mV, by the 
voltmeter on the oscillator and the attenuator on 
the network termination panel. The beating oscil-
lator is then adjusted to obtain the necessary 750 c/s 
difference frequency as shown by the resonance 
indicator on the phasemeter panel. Having obtained 
resonance the output voltages, indicated by the two 
rectifier type voltmeters on the phasemeter panel, 
are adjusted to 110 V by varying the output from 
the signal oscillator. The two voltages are made 
equal either by the attenuator on the frequency 
changer panel or by the preset control of amplifier 
bias. The " zero phase shift " control is then 
adjusted so that the phasemeter reads zero. The 
beating oscillator is now changed in frequency by 
1,500 c/s so that it heterodynes on the other side of 
the signal oscillator frequency, and resonance again 
obtained. The phasemeter reading should now be 
zero as before. 

The network to be measured, assumed to be of 
75 ohms impedance, is now connected to the 
" network in " and " network out " sockets. If 
there is appreciable loss in the network it is necessary 
again to equalise the output voltages by inserting 
attenuation in the attenuator on the frequency 
changer panel, and increasing the output of the 
signal oscillator. The attenuator is designed to have 
negligible phase shift at 750 c/s. 

After checking for resonance, the phasemeter 
reading is taken, the beating oscillator frequency 
changed so as to heterodyne on the other side of the 



input frequency, and the phasemeter reading again 	two outputs of variable H.F. separated by the 
noted. The phasemeter readings, converted to true 	required constant difference frequency, could also be 
phase angles by the calibration correction curve, 	used with advantage. 
would be found to be equal and of opposite sign if 

Acknowledgment. there were no other errors in the apparatus. By 
taking the mean of these angles as the magnitude of 	The authors are indebted to Mr. G. H. Fogg of the 
the required angle the random errors in the measure- 	Radio Branch, Engineer-in-Chief's Office, for valuable 
ment, such as reading error and friction in the 	assistance in preparing this article for publication. 
phasemeter, may be reduced. The sign of the 
required angle of insertion phase shift is that of the 	APPENDIX I. THEORY OF THE METHOD OF 
reading obtained when the beating oscillator fre- 	 MEASUREMENT. 
quency is higher than the input signal frequency. 

Let the two potentials between which it is desired It has been found that, at the upper end of the 
to know the phase difference be frequency range, if the zero adjustment is made with 

the beating oscillator frequency on one side of the 	 Vi  sin wt 
input frequency this adjustment is changed by an 	 and V2  sin (wt + 0) 
angle up to about 4° when the beating oscillator 	These are applied separately to the signal grids (G4) 
frequency is changed to the other side of the input 	of two octode frequency changer valves, Nos. 1 and 2. 
frequency. It is probable that this effect is due to 	Let the voltage applied to the oscillator grids (G1) 
coupling between the frequency changers and should 	of both octodes, from the common oscillator, be : 
be reduced with the improved form of construction 	 V3  sin wit 
proposed. A similar effect is also noticed when 	Over the linear range of the frequency changer 
measuring phase angles other than zero, the two 	valves the law relating the anode current and the 
readings corresponding to the two beating oscillator 	voltages on G1 and G4, assuming constant potentials 
frequencies not being exactly equal and opposite. 	on the remaining electrodes, can be expressed in the 
It is therefore advisable to adjust the zero at about 	form : 
100 kc/s and thereafter leave the setting fixed, merely 	

iai = K1  (Vgl  + a) (V„ /3) for octode No. 1. 
noting the phasemeter readings for the two beating 	and ia2  = K2  (Vgi  + a) (Vg4  + 13) for octode No. 2. 
oscillator frequencies and the change in reading when 	where V= potential on G1 „. 
the network is inserted. Some care is necessary in 	 Vg4  = potential on G4 
the recording of measurements as confusion is possible, 	and K1, K2, a and 13 are constants. 
especially when angles in the neighbourhood of 0°, 
180° and 360° are being measured. 	 Assuming that the static (i.e. the bias) values of 

The insertion phase shift of the apparatus under 	V„ and Vg4  are V'o.  and V'g4  on No. 1 octode, and 

test is equal to the corrected reading of the phase- 	V"„ and V"g4  on No. 2 octode, it follows that : 
meter ± 2 nIT radians, where n is a positive integer. 	i„ = K,(V3  sin wit + V'„ + a) 
The value of n ' may be found from a knowledge of 	 (V1  sin wt + V'g4  + /3) 
the elements of the circuit under test, or on a long 	ia2  = K2(V3  sin colt + V"g1  + a) 
cable circuit it can be found by making a large number 	 (V2  sin(wt 0) + V"g4  + /3) 
of measurements from a low frequency upwards, 	The difference frequency, (w — coi), terms are by 
counting the revolutions of the phasemeter as the 	multiplication easily shown to be : 
frequency is increased. A continuously variable 
oscillator is desirable for such a comprehensive test, 	 K, 	V3  

ia3  — 	cos ± (to — coi)t 
but exact phase measurements can be made at the 	 2 
multiples of 100 kc/s given by the crystal controlled 	 K2  V2  V3  

cos 	to — co t 0 oscillator. 	 — 	
2 	

± ( 	l) 	} 
 

Conclusion. 	 the + ye signs corresponding to coi  < 
and — ve signs corresponding to col  > w 

The apparatus which has been described has already 	The phase angle of i, leads that of i, by 0 if co,<w 
been put to considerable use for the measurement of 	and lags that of i„ by 0 if col  > w. insertion phase shift at radio frequencies. The 
rapidity with which measurements can be made, and 
the absence of any involved calculation in obtaining 	 APPENDIX 2. THEORY OF THE  
results, are features which have been generally 	 PHASEMETER.  
approved. 	 Referring to the simplified circuit of the phase- 

An obvious simplification would result if the two 	meter, Fig. 3, and the description of the instrument 
oscillators used in the scheme—these two oscillators 	already given, suppose in the first place that steady 
have to be variable, but at the same time maintained 	currents are passed through coils A, Al  and B. A 
at a fixed frequency separation of 750 c/s—were 	radial flux will then be produced in the vanes of 
arranged in such a manner that they could be 	coil B and this will exert a force on the conductors 
operated by a single control to give the fixed fre- 	of coils A and Al. Relative movement between coils 
quency difference automatically. Other methods, 	A and Al  and the vane therefore tends to occur, and 
such as the use of two H.F. oscillators of fixed 	since the spindle alone is free to rotate it turns until 
frequency, but differing by 750 c/s, suitably combined 	the torque is zero, i.e. until the centre line of the 
with the output of a variable H.F. oscillator to give 	vanes is parallel with the axis of A and A1, the 
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torque produced being dependent on the angle 	Hence the torque on the spindle is proportional 
between this line and the axis of A and Al. Similarly, 	to V2  sin B and the spindle will take up a position 
if current is passed through A and Al  and B1, the 	such that sin 0 = 0, i.e.: 0 = 0 or 7r. 
vanes of B1  will tend to take up a similar position 	Suppose now that the voltage applied to V1V2  leads 
relative to the axis of A and A1, and the spindle will 	that applied to M1M2  by an angle 0 so that the new 
adopt a position differing from the first position by 	voltages are : 
7r/2 radians. 

Suppose now that the terminals are connected in 	V sin cot at M1M2  
parallel to an alternating supply V sin wt. 	 and Then the current in A and Al  will be 

V 	 V sin (cot + 0) at V1V2  

R1 
 sin wt 	I, (say), 

Then the torque due to B 
the current in B 	 kV2 

—
R 
V sin wt = I, (say), RR,. 

sin wt sin (cot 	0) sin 0 

r  and the current in B
1 
	 2  

V 
	 kV 

RR.1 pine wt cos 0 ± cos wt sin cot sin 0] sin 0, 

ca. 
sin (cot — 27) = I, (say). 	 the steady component being 

Let the spindle be in such a position that the 	1 kV2  
2 RR1 

sin 0 cos 0. 
quadrants of coil B make an angle 0 with the axis 
of A and Al. 	 The torque due to B1  in the same direction as that 
Then the torque due to B 	 due to B 

= k III, sin 0 	 kV2 	 77 

V2 	 R/caL 
sin cot sin (cot — -- ± 0) sin / =_-_- 	 0 — 

= k 
RRI 

sin2  cot sin 0 

then 
kV2  sin 0 	 = 1 kV2  

	cos 0 sin 0 
RR1  2 	 2 R1wL 

	

The torque due to B1  in the same direction as that 	Let 'R = coL. 

due to B 	 Then the total torque 
kV2 	 1 kV2 	 1 

RtoL 
sin cot sin 	lsine 

2 	i 	
= 	 

2 RR
]. [sin 0 cos 0 — cos 0 sin 0] = 	 

kV2 	 1 kV2 

	

RwL sin cot cos cot sin (0 — 7
2
) 
	 = 	 

	

2 RR1 	' 
sin (0 — 0). — — 

= 
RwL 2 
kV2  sin 2wt 	/ 	7r) 	 sin 0 — 2 	 Equating this to zero gives 

sin (0 — 0) = 0, 
which has no steady component. 	 or 0 = ck ± n7r. 

where k is a constant of the instrument. 	 — sin wt cos cot sin (7-; — 0)], 
The component of the torque varying at angular 

frequency 2w produces angular vibration of the 	the steady component being 
spindle at this frequency, but the angular momentum 	 IT 

vibration to be negligible. The steady torque is 	R (oL kV2  in (0 
i 	 - 

of the movement is normally large enough for this   s 	
2 
77 cos •E — 0 

2 

kV2  

ck)= k  V2  sin 0 [
1 — cos 2wt 	 R1coL sin(0 

— ;) [sin2wt cos 	— 

RR1 	 2 
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Introduction. 

THE need for an accurate means of determining 
mains frequency error arose in connection with 
the desire to drive teleprinters and multi-

frequency generators for V.F. systems by synchronous 
motors, and an investigation of the frequency 
variations of the 50 c/s A.C. supply mains became 

essential. The present mains frequency error recorder 
differs essentially from an earlier models in that 
differentiation is made between errors which are 
above, and errors which are below, normal mains 
frequency. The basic method of operating the 
recorder remains unchanged however. 

Principle of Operation. 
The principle of the recorder lies in the comparison 

of the twentieth harmonic of the A.C. mains frequency 
with a standard 1,000 c/s tone which has an accuracy 
of one part in ten million. The resulting beat 
frequency is a measure of the frequency error of the 
mains, and by totalling the number of beats in a given 
small interval of time a record of the average error 
during the time interval is obtained. 

Reference to the schematic of Fig. 1 
will enable the principle to be more 
clearly understood. The A.C. mains, after 	Ac 50 CtS 
transformation down to a comparatively 
lowvoltage, are fed into a harmonic genera-
tor consisting of a full wave metal rectifier 
network. The pulsating rectified output 
from this network is passed through a 
selective circuit, which rejects all but the 
1,000 c/s component, i.e., the twentieth 
harmonic of the mains frequency. This 
is now modulated with the standard 1,000 FIG. 2.—Sc HE MATIC OF RECORDER WITH HIGH AND Low FREQUENCY 

DISCRIMINATION. 
c/s tone, and, after rectification, the 

STANDARD 
1000 CIS 

TONE 

500 

SUPPLY 
MAINS 

HARMONIC 
GENERsrn  

FIG. 1.—SCHEMATIC OF PRINCIPLE EMPLOYED. 

TUNED 
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BEATS AT 

DIFF REVS 
PREOUENCT 

resulting low beat frequency which only in extreme 
instances would be as high as 10 impulses per second, 
is passed via a timing contact and an intermediate 
relay to the drive magnet of the beat counting 
uniselector. The latter steps forward at a rate 
proportional to the beat frequency, and at the 
termination of the timing period a pulse is caused 

CONTACT 	 to flow via the uniselector wiper to operate 
SUPPLIES 	 one of a series of subscriber's type meters 

CONTACT 	 the various meters corresponding to the 

PULSE AT END OF 
T IMING INTERVAL which are wired to the uniselector bank, 

RING
CLOSES 
	UNISELECTOR 

TIMING
degrees of mains frequency error. DRIVE MAGNET  

14,e INTERVA
_ L Discrimination between High and Low 

Frequency Errors. 
To determine whether the error being 

recorded i8 an error above or below 50 c/s 

SERIES OF irliLbrlil 	

an extension of this method is required 
(see Fig. 2). The standard tone is passed 
into a phase splitting network which SUBSCRIBERS 

TYPE METERS 	 produces two 1,000 c/s outputs which are 
90 degrees out of phase with each other. 
These are each separately mixed with 

the twentieth harmonic of the A.C: supply mains, 
after which the two signals are fed separately into 
two valve rectifier (or detector) stages. The' outputs 
of these stages are each at a very low, and of 
course variable, beat frequency, and will be found to 
have a phase angle with respect to each other of 
one-quarter of a cycle of the beat frequency, this 
point being explained more fully later. 

The anode currents of the rectifier valves are 
passed through the anode relays F and S respectively, 
and therefore, if the effect of the relay contacts be 
ignored, one relay will operate 90 degrees earlier in 
the beat frequency cycle than the other. The effect 
of the F and S relay contacts is, however, as follows : 
if the mains frequency is low relay S is the first to 

WOO C/S 
STANDARD 

TONE 

A Mains Frequency Error Recorder 	W. E. FINLASON, B.Eng. 

U.D.C. 621.317.363 

The apparatus described was developed to make long period observations of the fluctuations of the frequency of the A.C. 
supply mains. The type of record obtained is particularly suited to statistical analysis. Discrimination is provided between 

high and low frequency errors. 

'The earlier model is described in a paper by Messrs. F. 0. 
Morrell and G. R. Oman, which was read before the 
Institution of Electrical Engineers in March, 1940. 
(Published in November, 1940.) Much of the credit for 
the earlier development of this recorder is due to Mr. 
Oman, who unfortunately failed to recover from an 
operation which he underwent in 1938. 

operate, and in doing so it switches the anode current 
of the other rectifier valve to its own coil, thus 
preventing the other relay (F) from operating. Hence 
relay S alone will operate to the pulse of beat 
frequency. If, however, the mains frequency is high 
relay F is the first in the beat frequency cycle to 
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0-001 

HT 

I50 

operate, and it will in a similar manner switch the 
anode current of the other valve to its own coil, 
preventing relay S from operating. Since either 
relay in operating disconnects the other only, one 
relay is operated at each beat frequency pulse. 

The effect of this switching system, therefore, is 
to cause relay F alone to pulse at the beat frequency 
when the mains frequency is higher than 50 c/s, 
whereas relay S alone will pulse when the mains are 
below 50 c/s. The method by which these pulses are 
appropriately recorded by a uniselector and a series 
of subscriber's meters will be discussed in detail at a 
later stage. 

Vectorial Analysis of Conditions at the Mixing Stage. 
The conditions prevailing at the mixing stage are 

best explained by the vector diagram (Fig. 3). The 

Vn  

Vo&V„ ARE COMPONENTS! 

OF THE STANDARD 100044 
TONE 

VM  IS TWENTIETH HARMONIC 

OF MAINS. 

FIG. 3.—DIAGR 9.111 OF THE VECTOR RELATIONSHIPS, 

voltage vectors V, and V90  represent the two compo-
nents of the standard 1,000 c/s tone, which are 90 
degrees out of phase with each other, and voltage 
vector V„ represents the twentieth harmonic of the 
mains frequency. The vectors V, and V90  are 
rotating at 1,000 revs./sec. in the conventional 
anti-clockwise direction, and vector V, is rotating in 
the same direction at a speed which may vary slightly 
above or below that of the vector system V, and V90. 

To appreciate the relative motion of the vectors 
consider the vectors V, and V90, which are always 
90 degrees apart, to be at rest. Then vector V. will 
rotate slowly, i.e., at beat frequency, in a clockwise 
or anti-clockwise direction, according 

	

to whether the mains frequency is 	HT 

	

lower or higher than 50 c/s. If the 	+150 

latter frequency is exactly 50 c/s 
then there will, of course, be no 
relative movement of the vectors 
and VM  will appear stationary. The 
vector sum of V, and V0  will, after 
rectification, appear as the anode 
current of rectifier valve RVF  (Fig. 2), 
and the vector sum of V, and V90  

will similarly appear as the anode 
current of rectifier valve RV,. 

	

If the mains frequency is high 	240  

	

and vector V. is rotating slowly in 	50", 

an anti-clockwise direction relative 
to V0  and V90, then it will be evident 

	

that the vector sum of V. and V, 
	SYNCHRONOUS. 

TIMING CONTACTS 2 
MOTOR DRIVING 

reaches its maximum a quarter of 
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a cycle of the beat frequency earlier than the vector 
sum of VM  and V90  reaches its maximum. Since these 
signal maxima coincide with the maxima of the anode 
currents in the rectifier valves the anode current in 
valve RVF  will rise earlier than the anode current 
in valve RV, ; in fact it will be earlier by one quarter 
cycle of the beat frequency. 

Conversely if the mains frequency is low the vector 
V, will be rotating slowly in a clockwise direction 
relative to V, and V90, and in this instance the vector 
sum of V. and V90  reaches its maximum a quarter 
of a cycle of the beat frequency before the vector sum 
of V. and V, does likewise. Hence the anode current 
in the rectifier valve RV, rises the earlier in the beat 
frequency cycle. 

It must be realised that during the period in which 
the vector VM  passes through the sector of the diagram 
marked Q, the anode currents will both fall to a low 
value, and there will be a period during which both 
relays are simultaneously in the normal position. 
Hence according to the direction of rotation of the 
vector VM  as it leaves the sector Q of the diagram, 
so the appropriate valve anode current will rise the 
earlier and its corresponding relay will operate. 

A more rigid mathematical analysis of the condi-
tions at the mixing stage is included in the appendix. 

Circuit Details. 
The Pulse Generating Circuit. —The 1,000 c/s supply 

which is used as the frequency standard feeds more 
than one laboratory, and consequently its level is 
liable to fluctuate. It was also envisaged that this 
standard tone might have to be fed over long trunk 
lines, and it was, therefore, essential to include a 
constant volume amplifier (Fig. 4) to ensure that 
equality of signal level was always maintained at the 
mixing stage. The constant volume amplifier con-
sists of a high ratio step-up transformer feeding the 
grid of the amplifier valve via a high resistance. The 
voltage swing delivered by the transformer may be 
as much as 10 or 20 times the normal grid swing for 
the valve, the negative half cycles causing suppression 
of the anode current and the positive half cycles 
causing grid current to flow and dissipating the 
transformer output voltage as an RI drop in the grid 
resistance. The resulting anode current has a square 
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FIG 4.—THE PULSE GENERATING CIRCUIT. 
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topped waveform of constant amplitude between 
values of 1,000 c/s input ranging from about 0.2 volts 
to 3 volts. The anode current of the valve is passed 
through a potentiometer and an interstage trans-
former, the potentiometer being adjusted initially to 
produce equal signal levels at the mixing stage. 
Subsequent variations in the input signal level will be 
taken care of by the constant volume amplifier, and 
this equality will not be disturbed. 

It is undesirable to inject a square topped waveform 
into a phase-splitting circuit, and therefore the signal 
is passed through a " cleaning-up " circuit which 
restores it to its original sinusoidal waveform, this 
circuit consisting for simplicity of a series resistance 
feeding into a parallel tuned circuit. The resulting 
signal is passed to the phase splitting circuit which 
consists of a resistance and condenser in series, the 
centre point of the combination being 
stabilised at negative grid bias potential. 
Hence the outer points of the phase-
splitting circuit bear voltages which are 
90 degrees out of phase with each other, 
and these are each passed through separate 
secondary windings of a mixing trans-
former to the grids of the two final 
rectifiervalves. Theprimary of this mixing 
transformer is supplied with the twentieth 
harmonic of the mains frequency in the 
following manner. 

One of the secondary windings of the 
mains transformer supplies current at 
approximately 45 V to a bridge rectifier 
combination, consisting of four 12 element 
rectifiers, the direct current output of 
which is dissipated in a resistance. The 
superimposed alternating current output 
is transformed up and injected into a 
selective circuit which eliminates all but 
the 1,000 c/s component. The selective 
circuit consists of a small series condenser 
feeding into a parallel tuned circuit. The 
" Q " value of this circuit should be high 
since, in effect, a pulse is supplied to 
it once every 10 milliseconds, i.e., once for 
each time the rectified 100 c/s waveform 
touches the zero line and causes a discontinuity. In 
the intervals between these pulses the tuned circuit 
must remain oscillating on account of the energy 
received from the preceding pulse. 

The self-oscillatory frequency of the circuit will 
not, however, be the twentieth harmonic of the mains, 
which, of course, varies slightly, but will in point of 
fact be purely a function of the L, C and R values 
of the circuit, which were adjusted initially to a self-
oscillatory frequency of 1,000 c/s. At first this would 
appear to be an inherent defect, but in practice it is 
found that the slight phase-correction applied by the 
mains pulse every 10 milliseconds is sufficient to 
ensure that the average effective frequency passed 
by this circuit is the twentieth harmonic of the 
mains. This signal is amplified by a triode and passed 
through the primary of the mixing transformer 
referred to in a previous paragraph. 

The operation of the mixing stages, rectifier valves 
and anode relays has already been discussed in  

considerable detail, and will not be alluded to again 
at this juncture. 

The Recording Circuit. —Reference to Fig. 5 reveals 
the main details of the recording circuit. A discrimi-
nating relay SL is operated and locks if relay S pulses, 
whereas it releases and will remain normal if relay F 
should pulse. The condition of relay SL thus 
indicates whether the mains frequency is higher or 
lower than 50 c/s. 

Measurement of the amount of the frequency 
error is effected by counting the number of pulses of 
the beat frequency in a given time period. A 
synchronous A.C. clock motor has an output shaft 
which revolves once in 15 seconds and a cam on 
this shaft is arranged to close a timing contact for 
5 seconds every 15 seconds. A relief relay actuated 
by this timing contact causes impulses from either of 

TIMING CONTACT CLOSED 
FOR 5 SECONDS EVERY 

15 SECONDS 

CONTACT WHICH CLOSES 
UNISELECTOR 	'FORA BRIEF PERIOD Ai 
DRIVE MAGNET 	END OF EACH TIMING 

INTERVAL. 

SL 

A
9
BOVE 

• p•9% 

 

ABOVE 

SUBSCRIBERS TYPE METERS SUBSCRIBERS TYPE METERS 
RECORDING HIGH FREQUENCY RECORDING LOW FREQUENCY 

ERRORS 	 ERRORS 

FIG. 5 -THE RECORDING CIRCUIT. 

the relays F or S to be fed to the uniselector drive 
magnet for the duration of the timing period, i.e., 
the uniselector will be stepped forward by as many 
beat frequency pulses as there are in 5 seconds. 

At the end of the recording period an impulse is 
fed via an SL discriminating contact and a uniselector 
wiper to one of the two 50-point banks where registra-
tion will be effected on the appropriate meter. The 
duration of the meter pulse and the subsequent 
homing of the uniselector are under the control of 
two slugged relays which are also actuated by the 
timing contact relief relay. There are two 50-point 
banks and ten meters are connected to each, an 
individual meter being wired to five successive 
contacts on the bank. The meters on one bank 
record the errors above 50 c/s, and those on the other 
bank record the errors below 50 c/s. 

If, as an example, an instant at which the beat 
frequency is one pulse per second is examined, then 
the error is one cycle per 1,000 cycles, i.e., the mains 
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A Narrow Band Filter Using 
Crystal Resonators 	 H. STANESBY, A.M.I.E.E., and 

U.D.C. 621.395.662.3 
	

E. R. BROAD, B.A. 

The article analyses a band-pass filter which, when some of the elements are crystal resonators, can be used to select a very 
narrow frequency band. The limitations imposed by the use of resonators are determined and an example is given of the 

performance obtained in practice. The computed and measured insertion loss characteristics are in close agreement. 

Introduction. 

I
N his introduction; to the study of quartz crystal 
filters Mason refers briefly to a lattice filter in 
which each arm consists of a resonator in parallel 

with a condenser. The filter has, it appears, a very 
narrow pass-band, with a loss characteristic which 
can be made to rise quickly just outside, and the 
absence of inductors with their accompanying 
dissipation suggests that the loss in the pass-band 
might be very low. As such a filter is likely to be 
useful it has been analysed and the results are the 
subject of this article. 

A circuit diagram of the filter is given in Fig. 1 (i) ; 
and in (ii) of the same figure is shown the network 
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FIG. 1.—NARROW-BAND CRYSTAL FILTER NETWORK 

obtained when the resonators are replaced by their 
equivalent electrical circuits1' 2. Most of the article 
will be devoted to studying the properties of the 
electrical network, and only towards the end will 
more than passing reference be made to the 
restrictions that the use of resonators imposes. 

The series and lattice arms of the filter will each 
have reactance characteristics of the form shown in 
Fig. 2 (i). First let the critical frequencies f, and f„ be 
different for the two arms, as shown in (ii) of the same 
figure, where the full curve refers to one arm and the 
dotted curve to the other. At very low and very 

1B.S.T.J., July 1934, pp. 405-452. 
2P 0.F. E J., Vol. 31, pp. 254-264. 
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FIG 2.—REACTANCE CHARACTERISTICS FOR NARROW-BAND 
CRYSTAL FILTER. 

high frequencies the reactances of both arms will 
have the same sign and the filter will attenuate. 
Between these values there will be four frequencies 
at which the reactance of one arm changes sign 
relative to that of the other, hence there will be four 
frequencies at which the filter changes from 
attenuation to free transmission or vice versa, and 
two discrete pass-bands will exist. If a single critical 
frequency in one arm is made to coincide with one 
in the other arm a single pass-band will result. The 
three ways in which this may be done are shown in 
Fig. 2 (iii), (iv) and (v). When using resonators, 
the width of the pass-band for the arrangement of 
critical frequencies shown in (iii) can theoretically 
be given values up to about 0.8 per cent. of the 
mid-band frequency. For the other two arrange-
ments the interval between one cut-off frequency 
and a frequency of peak attenuation on the opposite 
side of the second cut-off can reach only half this 
value. In practice these figures are reduced 
considerably by stray capacitances. Attention will 
therefore be confined to the arrangement of 
frequencies shown in Fig. 2 (iii), for which the 
limitations are less severe. 



1 
(03VC3C4  

Substituting Zo  in equation (3) : 

(4) 

=- Zo 	C01 
2 
	 (6) 

CO 3 	CO2 

	 (12) 

ANALYSIS OF FILTER SECTION 

Characteristic Impedance. 
Let the elements of the series and lattice arms of 

the filter be denoted as shown in Fig. 1 (ii) and the 
critical frequencies numbered as in Fig. 2 (iii), 
where the full line and dotted curves apply to the 
series and lattice arms respectively. It is clear that 
f1  and 13  will be the two cut-off frequencies. 

By applying Foster's Theorem it can be shown 
that the impedances Z. and 4 of the series and 
lattice arms, neglecting dissipation, are given 
respectively by : 

Z — — j (0)12  — (02)  	 (1) .  wc3(,,22_ (02) 

— j (0)22  — 0)2)  Zy  — 	 (2) 
(0C4(w32 — (02) 	

(o, = 27rf.) 

The characteristic impedance Z. of the filter is 
given by :— 

Z. = VZ.Zy  

— j 	(012 	w
2 
	 (3) 

N/ C3C4 	W32 	6,2 

The nominal characteristic impedance Zo  is the value 
of the characteristic impedance at the mid-band 
frequency (0,./27r, where wo,2  = (01.  (03, hence writing 

w = V(01(03  in equation (3) : 
2 

VC01(03C3C4 	 — wiw3 
Z. = 	 — (01°L)3 

— j 	C)12w3 — (01(032 

— W3VC3C4 	(4'1—
,„

3
2 ,„ 

—1
2,„  

—3 

w  4 - jZ  .-.- 	w12  -  w2 	  

	

,\/co we  _  0)2 	 (5)  

By introducing wm, equal to 1/(01(03, and rearrang-
ing slightly, this expression may be changed into the 
following form which is more suitable for computation: 

2 CU3 	(Dm  
— 

COI 	CiJra2 

A curve showing the way in which 4 varies with 
frequency for w3/(01  = 1.005 is given in Fig. 3. 
From this it will be seen that the characteristic 
impedance varies in the same direction over the whole 
of the pass-band ; there is therefore only one point 
at which the characteristic impedance can be made 
equal to the impedance of a constant resistance 
termination. 

Propagation Constant. 

The propagation constant P is given by : 

P = 2 tanh-i-V K 	  (7) 

where 	K 
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FIG. 3.—VARIATION OF CHARACTERISTIC IMPEDANCE WITH 
FREQUENCY. 

Assuming as before that Z. and Zy  are purely 
reactive then from equations (1) and (2) the value of 
K is given by : 

C4. 
(w  2 	(02\ 

((032 
	(02)K 	4. I 	 / X  	

. . . . (8) 
C3 (C°22  W

2)2 

It will be seen that K is always real and is positive 
when (0 < wi  and w when > (03  and negative when 
(0/  < (0 < (03, i.e. when w lies in the pass-band. Let 
the attenuation constant and phase constant be 
denoted by A and B respectively, then rewriting 
equation (7) : 

P = A + jB = 2 tanh-1  VK 	(9) 

When K is positive its square root will be real and 
the solution of equation (9)3  gives the following 
results : 

0 < K < 1 
A = 2 tanh-I-VR 
B 	±2n7r 	f 

	 (10) 

K > 1 
A -- 2 coth-11/K 

B 	7r ± 2n7r 

K=1 
A = 0. 

B is indeterminate 

3P 0.E E I , Vol. 31, p 263. 
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This last condition corresponds to a discontinuity 	Substituting for w.2  in equation (17) 
in the phase characteristic. 

	

When K is negative its square root will be imaginary 	k2  u132—' 	 
v2a., 2_0)32)2 

y2_1 	
=y

2 w22 	 
y2w12_ (1,32 2 

y2 — . (20) 
and the solution of equation (9) is given by : 

	 (13) 	y2 (0)32_ c,12) — y  k ((032_ (.012) + (w32 — ,,22)  =0 . . (21) 
B =2 tan-Y—K 

Since w,. < w2  < w3, and k can be taken as positive, 
Attenuation Constant. 	 this equation has two positive roots which will be 

	

Equations (8), (10), (11), (12) and (13) determine 	denoted by dl  and d2. 

	

the attenuation constant. From (12) it is apparent 	Proceeding, these roots, it will be remembered,  

	

that when K is + 1 the attenuation constant becomes 	need not be evaluated explicitly, but two parameters 
D and E will be introduced, equal respectively to the infinite. The frequencies f,,,x,  at which this occurs  

are given by : 	 sum and product of the roots ; hence from equation 
(21) : 

C4 
	

w (a,1 (W222 _ won 

W

(0,2 _ ,„ 2) 	 2 2 _ a, 

12  

2 

C3  
cc' 	 — 1 . . . . (14) 	 D ---- di  + d, — k. 	

32 — W 
1  	(22) 

— 	cP
3 
  )2 	 W  

2 	2 
Let - 1- = k2 	 (15) 	 E = d1d2 	co3

2 — (01 
— 

W22 	(23) C3  W2  
Equation (14) may then be rewritten in the form : 	and from (18)  

awo! + b wcF, + c = 0 	(16) 	di, = / 
(032 _ (ong 
	 (24) 

,ss 
  

wi
2 _ c0.1 

whence, taking the square root of both sides and 0 > K 
A =0 	

expanding : 

where 
a = 1 — k2  
b = 	[2w22  — k2(,012 	(032)]  

c  = ,024 	k1/4,12(.032 

Equation (16) has the form of a quadratic in w2, 
its roots will therefore be of the form : a, — a, p, 
When a and [I are both real there will be two positive 
roots and two frequencies at which the attenuation 
constant becomes infinite. Both a and 13 become 
complex or imaginary together ; when this happens 
there is no real frequency at which the attenuation 
constant becomes infinite. 

An explicit solution of equation (16) is not neces-
sary. When a filter is designed, the cut-off frequen-
cies and frequencies of peak attenuation are usually 
fixed by the performance requirements and are used 
in determining the values of the filter elements. 
Expressions will therefore be found for the critical 
frequency f2  and the ratio k2  the capacitances 
C4  and C3, in terms of the cut-off frequencies f1, f3  
and the frequencies fim„ f2,,  at which the attenuation 
constant becomes infinite 
Equation (14) may be written in the form : 

w  2 — 2 
k2(w3

2 	)2 -=  3‘ 	c°  • (W22 	(z)o. )2  • • (17) 
a,1 — (0  2 

and if it be assumed that : 
(032 _ 2 2 

(18) w  2 _ wm y
2 	  

both sides of (17) have the form of a perfect square. 
Thus y is a function of quantities which will be fixed 
arbitrarily and equation (17) may be used to express 
ai2  and k in terms of these quantities. 	As 
w,. < wm < w3  is a forbidden region for wm, y2  
will always be positive and y will always be real. 

From equation (18) : 

(0.2 	Y
2
"

2 	
(2'

32 
	 (19) y2 _ I 
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n = 1, 2. 
using equations (22) and (23) it can be shown that 

(.022 — E w12 	w32 	 (25) 
E 1 

k —E 1 
	 (26) 

Thus w22  and k have been expressed as functions of 
the frequencies of infinite attenuation and the cut-off 
frequencies. 

Parameters D and E.—When electrical elements 
are used, as distinct from resonators, the only restric-
tions imposed on equations (22) and (23) are that k 
is positive and w1  < w2  < (03, hence D and E may 
be given any real, positive values. The frequencies 
at which the attenuation constant is to be infinite 
may be located anywhere outside the pass band, 
one on either side or both on the same side, or if 
desired one or both of them can be made to disappear 
by giving them imaginary values. 

It is important to consider the significance of the 
parameters D and E. Equation (23) shows that E 
is numerically equal to the ratio of the intervals 
w32  — w22  and w22  — w/2, and from equation (26) 
it can be seen that D controls the ratio k2  of the 
capacitances C4  and C3. It is obvious from the 
original definition of the parameters that they will 
also control the frequencies of infinite attenuation : 

When E = 1, from equations (23) and (24) : 
2 

w32  — 

	

Wl. 	w12 — (02.2 
2 — w2co2  2 w12  — wl.  

Subtracting unity from each side : 
(032 0,12 co? 

w3
2 

	

2 — 	2 	2 	2 wl wlco w3 w2co 
whence : 

2 2 — 	2 	2 

	

wl — wlco 	w2co 	w3 
But when E is unity : 

	

2 	2 	2 
• w22  — 	= 
	

w2 



	

These last two expressions reveal that w22  is now the 	When E = 1, K involves the parameter D only 

	

common arithmetic mean of co? and w32  and of 	and : 
colc„, and cog. In other words when E = 1 : 

K = 	
Dp 
	 2 	 (32) 

	

2co22 w12w32 (27) 	
p2) 

= wt.!. ± (02.! 	 A = 2 tanh -1  Dp 
It will be seen later than when E is unity the attenua- 1 + P2 

	

tion characteristic plotted against the square of the 	 Dp 
2 < 1 0 < 	 

frequency is symmetrical about f22  4. 	 1 + P .. 

	

It is easy to show by referring again to equations 	 Dp 	 (33)  

	

(23) and (24) that as E is made greater or less than 	A = 2 coth 1 	p2 

	

unity (022 — (032  becomes greater or less than 	 D 	1  
CO/2 — 	2. The parameter E therefore controls 1 +p2>  the degree of asymmetry of the attenuation 
characteristic. 	As a symmetrical attenuation 	It is easy to show that for this condition the attenua- 

	

characteristic is often desirable, the condition where 	tion constant plotted against w2  is symmetric. ai  

	

E = 1 will be given special attention later. Moreover, 	about w22. Let w assume in turn any two values  
co and cob  such that wag and cube are symmetrica ' one parameter is then virtually eliminated and the 

design formulae simplified. 	 with respect to w22, then : 

	

The relationship between D and the positions of 	 = 2  2 w 2 

	

the frequencies of infinite attenuation is less instruc- 	Using equation (27) this may be rewritten : 
tive. One condition is of interest however : 

Let : 	 Phase Constant. 
(032 —  0)2 	 It is sometimes desirable to know the way in 

P 2 	 (29) 	which the phase constant B varies in the pass-band. 
w1

2 co2 	  
This will therefore be considered briefly. 

then equation (28) may be written in the form : 	 From equation (13) the value of B in the pass-band 

K — 	 (30) (  Dp  )2 	 is given by : 
kE ± p2/ 	 B = 2 tan-1  V —K 

whence : 	 Substituting in the expression for K given in 

A = 2 tanh -1 	
Dp

E + p2
, 	 (30) using the relationship : 

2 
C°3  

' 	Dp 	
q2 — p2 _ 

 2 
— (11 	 (35) 

O<  	 (02 
— C°1

2 	  

E + p2  < 1  . (31) 	V — K may be written as 
A = 2 coth -1 	 Dq 

E + 
Dp 

 p2 	 V — K — E — q2 	 (36) 

Dp 
2 
 > 1 	 In the pass-band q2  is positive and q is therefore real. 

E + p 	 The phase constant is then given by : 

B = 2 tan-1 
E

Dq 
 — q2 
	(37) 

This is a convenient expression for calculation. 
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(07.
2 	0)12 ± w32 	0).2 	(34) when D = E 	1, i.e. when k 	1 : 	 If pa  and Pb  are the values of p corresponding to 

d1 + d2  -= cl1d2  + 1 	 = co„ and w = (o, respectively, then from equations 
factorising, • 	 (29) and (34) : 

	

(d1  — 1) (d2  — 1) = 0 	 1 
whence, 	d1  1 or d2  = 1 pa  

Pb In the light of equation (24) this indicates that one 	But the value of A given by (33) remains unchanged 
of the frequencies of infinite attenuation is infinite. 	if p is replaced by its reciprocal, hence the attenua- 

tion constant has the same value for w 	coa  as it Computation of Attenuation Constant.—Having 
introduced convenient design parameters the compu- does for w = cob. . 
tation of the attenuation constant will now be Expressions (31) and (33) are specially adapted to 
considered. 	 computation. The use of the variable p instead of co 

	

The attenuation constant A in nepers is given by : 	renders the expressions independent of the location 

A = 2 tanh -1  VK (0 < K < 1) 	 and width of the pass-band and allows curves to be 
constructed which are of general application. 

	

A = 2 coth -1  ,/K (K > 1) 	 The symmetry of the attenuation characteristic 
Substituting in equation (8) using (15), (25) and (26), 	obtained when E is unity is of special importance. 
K may be expressed as a function of D, E, cop  co3 	Curves have therefore been computed for this condi- 
and co : 	 tion which show the relationship between A and p 

K — 
D2  (w12  — w2) ( w32  —  w2)  	(28) 	with D as parameter. These are reproduced in Fig. 4. 

[E(ct)12 	w2) 	(0)32  

4It is interesting to note that if the frequencies of infinite 
attenuation are arranged so that coi„, cum, = co, cos  the 
resulting attenuation characteristic is symmetrical on a 
logarithmic frequency scale. 
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FIG. 4.—CURVES FOR COMPUTATION OF ATTENUATION CONSTANT. 

It will be seen that B depends upon the parameters 
D and E. The latter may therefore be used for 
adjusting either the attenuation constant or the 
phase constant characteristic. 

When E = 1 : 

B = 2 tan-1  1  
Dq 	

(38) q2 	 

Curves showing the relationship between B and q, 
with D as parameter are given for this condition in • 
Fig. 5. 

It will be seen from Fig. 1 (ii) that the series and 
lattice arms of the filter have the same configuration, 
and that each may be regarded as the limiting condi-
tion of two resonant circuits in parallel where one 
resonance frequency has receded to infinity By 
applying Foster's Theorem, paying due regard to the 
numbering of the critical frequencies given in Fig. 2 
(iii), it can be shown that : 

	 (39) 

FIG. 5.—CURVES FOR COMPUTATION OF PHASE CONSTANT 

Values of Electrical Elements. 

Having studied the properties of the filter network 
in some detail and introduced convenient parameters 
it remains to derive expressions for the individual 
filter elements before specific networks can be 
designed. 
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Referring to Fig. 1 (i) and (ii) it will be seen that 

	

C2 	
C

4  (w32 — ca22) 
	 (42) 	the capacitances C3  and C4  in the series and lattice (1) 2 2  

From equation (4) : 	 arms each consist of ca acitance due to the resonator p  
1 	 itself augmented by the external capacitances C5  or 

VC3 C4 — (03z. 	 (43) 	C6. When the external capacitances are zero the 
ratios C3/C1  and C4/C2  will be determined by the 

	

and a further relationship between C3  and C4  can be 	resonators alone, and their minimum values will 
obtained from (15) and (26), namely : 	 therefore° be in the neighbourhood of 125. 
1

C
--  4 = k ___.  D 	 (44) 	Let the sum of these ratios equal S. then from 

	

3 	E ± 1 	 equations (45), (46), (51) and (52) 
Using equations (43) and (44) the values of C3 	 S = and C4 	C4  C4  (E + 1)  w12 Ew12 -{- co 2 

--- + — may be found : 	 C1  C2 =  W32 — (01.2 + E(W32  —42 • • (59) 

C3  
1 	E ± 
	 (45) 	 coi  

1 	 2 	E2  + 2E + 1 1 

	

— 	
— 	 W3 Z. D 	 = ,„ 	,., W32 — ._‘,/2 	E 	+ E 	(60)  

1 	D 	 As a convenient measure of the fractional band-width 

	

C4  — 	 (46) w3 4E + 1  	let : 

	

From equation (25) the expressions involving W2222 	F — w32  — °̀12  	 (61) 

	

in (39) to (42) may be written in terms of (012, we, 	 W12 
D and E : 	 then from equation (60) 2 (03  — an 2 	2_   	 (47) 	(E  + 1)2  

	

(02 —wi 	E ± 1 	 F = 	(62) SE — 1 
1 2 	2_ E(CD32  — col21  

	

(03 —0'2 	 (48) 	It is desirable to find the value of E which makes F 
E -1- 1 	 a maximum for a given value of S, then the band- 

	

Finally, substituting in equations (39) to (42) using 	width limitation imposed by S itself (may be 

	

(25) and (45) to (48) the values of the elements L1, 	determined. By differentiating the right-hand side 
C1, L2  and C2  are obtained : 	 of equation (62) with respect to E and equating to 

3 	1 	
(63) 

L:- 1 (S>> 1) 

	

1 	 Substituting for E in (62) the corresponding value of 

C1 = (03 zo 
 (w32 	(012) 

m.012 
	(51) 	F is given by : 

1 	 F = (1  + —1  ) C = 	(to3 --- (01 ) \ -- 	S2/ 
	 (64) 2 	CO3 Z0 	 (E + 1) 	(Ew12  + ,032) • • (52) 4 S 

4 

	

When E = 1 the expressions for the elements reduce 	 = g (S>>1) 

to 
1 	 It is apparent from equation (64) that F must be 

L1  = (.03Z0 W32 	W12 D 	(53) 	a small fraction hence from equations (61) and (64) 

1 	4 	 F-2 • w3  —  wl -*--. ''.8  
L2  =- 0134, 	 (54) 	 co 

	

(032 _ co  2 D  	 1 
1 	 When S has its minimum value of approximately 

1 	 1 	 250 and E is unity the band-width expressed as a Cl  — co Z (,,2 
	(0  21 . 	(55) 

	

. 	3 	 percentage of the lower cut-off frequency will have 3  11 Dco 2 1  

(034 
 (w32 — (019 . 2 	D 	 its greatest possible value of 0.8 per cent. 

C2  =  1  It will be seen that the maximum band-width is 
(W12 + W32) • • (56) obtained for a given value of S when E is substantially 

1 	2 	 unity, i.e. when the attenuation constant plotted C = 	 (57) 
3 	co3Z. D 	 against the square of the frequency is symmetrical. 

1 	D 	 The parameter D does not enter into equation (62), 
C

4 
 	 (58) 	and does not, therefore, affect the band-width if S 

(024 2 	 and E are fixed. 

	

Limitations Imposed by Resonators. 	 In practice it is usually impossible to approach 
. 

	

It is not proposed to study the properties of quartz 	the maximum band-width of 0 8 per cent. owing to  

	

crystal resonators in detail ; this has already been 	the presence of stray capacitance. It may be shown 

done by Mason°. The restrictions in design imposed that if the effective capacitances across the input and 
output terminals of the filter each equal CT, and if, by the use of these resonators will, however, be 

	

considered briefly. 	 5B.S.T.J., July 1934, pp. 406-412, 429 et seq. 
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1 	 zero, F may be shown to have its maximum value 

	

= (02Z0 "' 2 	2 	(49) 	when : 

	

coa 	 2 E = 1 ± 1 	(E f 1)2 
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FIG. 7.—INSERTION Loss CHARACTERISTIC IN PASS-BAND. 

8 in addition, there is a direct capacitance of C5  in 
parallel with a resonator, the total equivalent capaci- 
tance effectively across the resonator is Cs 	CT. 
Moreover, the higher the frequency at which a filter 
is designed to operate the lower will be the capacitance 
due to the resonators themselves owing to their 
smaller dimensions. Stray capacitance on high-
frequency filters must, therefore, be reduced to a 
minimum if extremely narrow pass-bands are to be 
avoided. 

The use of resonators also restricts the characteristic 
impedance. Referring back to equation (4) it will 
be seen that the nominal characteristic impedance 
varies inversely as VC3  C4. But C3  and C4  cannot 
be increased by adding capacitance to that of the 
resonators without reducing the band-width. Low 
values of characteristic impedance can, therefore 
only be realised for very narrow pass-bands or by 
using extremely thin resonators. In practice the 
nominal characteristic impedance usually lies 
between 5,000 and 100,000 ohms. 

Performance of Typical Filter. 
A considerable number of filters of the type 

considered has been made by the Post Office. Figs. 
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6 and 7 show the performance of one filter designed 
for the following parameter values : 

	

63.936 kc/s. 	f3  = 64.064 kc/s. 

	

fl„ = 62.136 kc/s. 	f2. = 65.920 kc/s. 
Zo  = 20,000 ohms. 

The close agreement between the computed and 
measured values for attenuations below 60 db. is a 
satisfactory check of the analysis. For infinite 
attenuation the reactances of the series and lattice 
arms must be equal, and, in this particular filter, 
a departure from equality of 0.2 per cent. is sufficient 
to make the attenuation drop from infinity to 60 db. 
It is therefore understandable that the measured and 
computed attenuations differ somewhat, for values 
of the order of 60 db. or higher. In fact the smallness 
of the departure, and the low loss in the pass-band 
show how very closely a quartz crystal filter can be 
made to approach the ideal performance. 
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A Group Inverter for I2-Circuit 
Carrier Systems 	F. SCOWEN, B.Sc., A.Inst.P., and 

U.D.C. 621.395.443.2 
	

V. G. WELSBY, B.Sc. 

An experimental inverter is described which enables 12-circuit systems, using lower-sideband transmission, to be connected 
to new 12-circuit systems, using upper-sideband transmission, without having to reduce the transmissions on both circuits 
to their audio-frequency components. The actual apparatus installed on the 12-circuit carrier trunk system may differ 

from the experimental model in some practical details. 

Introduction. 	 to [(a + b) — 13', i.e., from b to a. Although this 
XISTING 12-circuit carrier systems (Nos. 5 method is theoretically possible, it is not at present F4  and 6) installed in this country transmit a 	practicable for the inversion of multi-channel systems, 
frequency band of 12 to 60 kc/s., with inverted 	since there will be a direct leak of the band a to b 

sidebands, these being the lower sidebands of carriers 	through the modulator, and this leak will obviously 
the frequencies of which are multiples of 4 kc/s, from 	fall in the frequency range occupied by the required 
16 to 60 kc/s.l. In 1938 the C.C.I.F. recommended the 	output of b to a, and will give rise to inter-channel 
use of erect sidebands for all international 12-circuit 	crosstalk. The leak cannot be filtered out and can 
carrier systems, these being the upper sidebands of 	only be kept low by using a modulator which is 
carriers the frequencies of which are multiples of 	highly balanced. In practice it is not possible to 
4 kc/s.2  The British Post Office has extended this 	maintain a sufficiently high degree of balance. 
decision to cover all new equipment installed in this 	A double modulation process can be used to 
country (i.e., Carrier System No. 7). 	 overcome this difficulty. The band is first modulated 

with a carrier of frequency c, and the upper sideband, The 12-circuit carrier trunk system of this country 	extending from (c + a) to (c + b) is selected. This has been designed to allow switching of 12-circuit 	band is then modulated with a carrier of frequency cable-pairs at certain centres via high frequency 	(c + a + b), and the lower sideband is selected. 
repeater distribution frames. At these frames, cable 	This sideband occupies the band [(c + a + b) — pairs, each carrying 12 channels, are connected 	(c + a)] to [(c + a + b) — (c + b)] i.e., b to a, 
through without the carrier transmissions being 	and is inverted with respect to the original band. converted to their audio-frequency components, and 	Any direct leak through the modulator is now of little 
some means had to be found to enable this to be 	importance and can be filtered out, since it falls accomplished when both old and new systems were 	outside the frequency ranges occupied by the band 
to be interconnected. By means of a group inverter, 	during the process of inversion. 
as described in this article, a 12-circuit group can be 
inverted about its mid-band frequency (i.e., 36 kc/s), 	Modulators. 
thus converting a 12-circuit group with lower 
sidebands of carrier frequencies of 16, 20 . . . 56, 	So far the assumption has been made that a  

modulator is available in which a signal of frequency a, 60 kc/s to a 12-circuit group with upper sidebands of 
carrier frequencies of 56, 52 . . . 16, 12 kc/s. (Fig. 1.) 	modulated with a carrier of frequency c, gives rise to  

modulation products of (c ± a), and no others. 
I 	 The ring modulator3  approaches the ideal. An ideal 

ring modulator, when supplied with a carrier of 
frequency c, and input of frequency a, would produce 
in its output components of frequencies 
[(2n + 1) c ± a], where n is an integer. The energy 
of each of these components would be proportional to 

NEW SYSTEM 	 1/(2n + 1)2. Since a practical ring modulator is not 

k —M ID BAND FREQUENCY 	ideal, other intermodulation products will be present  
I 	, 	

(36 k c/s.) 	 in the modulator output. These components have 
frequencies of [(2n + 1) c + ma] and [2nc + ma], 

10 	20 	30 	40 	50 	60 	 m and n being integers. Any of these may overlap 
FREQUENCY (kc/s.) 	 the [(2n + 1)c ± a] components and thus cause 

intermodulation crosstalk. This deviation from the 
ideal modulator is due partly to the non-linearity 
of the rectifier characteristics and partly to impedance 
unbalance in the modulator network. The most serious 
of the unwanted components are those with frequencies 
of (2nc ± ma), the (2c ± a) components having the 
highest energy of the series. If, however, the carrier 
frequency is more than double the highest input 
frequency the (2c ± a) components will lie outside 
the frequency range occupied by the required 
components (c ± a). 

FIG. 1.—FREQUENCY ALLOC ATION OF OLD AND NEW 
12-CIRCUIT SYSTEMS. 

Channel 1 of the old system then occupies the band 
corresponding to channel 12 of the new system, and 
channel 2 to that of channel 11, etc. 
The Inversion of a Band of Frequencies. 

A frequency band occupying the range a to b can 
be inverted by modulating it with a carrier of 
frequency (a + b). Among the resulting modulation 
products will be a band extending from [(a + b) — a] 

P.O.E.E.I., Vol. 29, p. 220. 
2 P.O.E.E. J., Vol. 32, p. 52. 	 3 P.O E E J., Vol. 29, p. 294. 
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TO LINE 	 TO EXCHANGE 

--1..- 
E 

FIG. 1 .—BASIC CIRCUIT. 

Noise-Eliminating Unit for Junction 
Circuits Exposed to Power Induction R. 0. CARTER, m.sc., D.I.C., A.M.I.E.E., a n d 
U.D.C. 621.395.8 621.395.332.2 : 621.396.662.3 	 D. C. WALKER, B.Sc., D.I.C. 

Simple apparatus is described which may be associated with a junction to reduce the amount of noise due to power induction 
when other methods have provel ineffective. The loss introduced is less than 0.5 db. per unit, and the addition to the ohmic 

resistance of each leg of the junction is 20 ohms at each end. 

Introduction. 

W HEN an overhead telephone pair runs for 
a considerable distance in close proximity 
to an overhead power transmission line or 

electrified railway, a longitudinal noise E.M.F. is 
induced in each wire of the telephone pair. If the 
E.M.F.'s induced in the two wires were precisely the 
same, and if all lines and apparatus connected to 
their ends were perfectly symmetrical with respect 
to earth, no noise P.D. would exist between the 
A and B legs of the circuit at any point, though at 
most points both wires would be at a noise P.D. with 
respect to earth. The loop circuit would therefore 
be free of noise. 

In practice these ideal conditions do not obtain, 
and a junction circuit containing an overhead section 
exposed to power induction may be noisy due to one 
or more of the following causes :— 

(1) Asymmetry of the two overhead wires with 
respect to the source of induction, so that the longi-
tudinal E.M.F.'s are unequal, and a resultant E.M.F. 
is induced into the loop circuit. This effect is usually 
of importance only when the separation of the 
telephone and power lines is small, and is reduced by 
suitable transposition of the telephone conductors 
within the section in which the induction is taking 
place. If the power line contains transpositions 
within the same section it may be necessary to 
co-ordinate the telephone circuit transpositions with 
these. 

(2) Even when the conditions are such that the 
longitudinal E.M.F.'s in the two telephone conductors 
are equal, a noise P.D. between the conductors may 
arise due to :— 

(a) Asymmetry or unbalance of the A and B lines 
with respect to earth, as regards their series 
impedance, capacitance or leakance. 

(b) Asymmetry of the terminal equipment with 
respect to earth. 

Careful attention to line maintenance mitigates 
trouble due to (a), though the standard of mainten-
ance required may often be higher than that found 
sufficient on junctions not exposed to power induction. 
With British junction lines (b) is the commonest 
cause of noise. 

The equipment connected to junction lines in most 
types of exchanges is nominally balanced to earth, 
but the limits of unbalance are determined by what 
is commercially practicable without undue increase 
in cost. These limits are quite satisfactory for 
normal junction lines, but a much higher degree of 
balance is required on lines exposed to severe power 
induction. The most obvious solution is to select or 
construct specially balanced components for these 
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junctions. 	Unfortunately the particular items of 
exchange apparatus connected to a junction circuit 
may vary, depending, for example, on which of a 
number of selectors happens to be idle at the time 
the call is set up. In such circumstances it would be 
necessary to equip an appreciable proportion of the 
exchange apparatus with specially balanced 
components. Furthermore, a call may be routed to 
a second exchange and noise may be produced unless 
the equipment at this exchange is also highly balanced. 
It is evident that it would be necessary to make a 
special study of all possible call routings in each 
particular case, and the large amount of non-standard 
equipment and consequent high cost and loss of 
interchangeability render the solution impracticable. 

An alternative solution, which forms the subject 
of this article, consists in inserting at each end of the 
junction a unit which provides high attenuation to 
longitudinal voltages, while transmitting loop circuit 
voltages with very little loss. The longitudinal noise 
voltage applied to the exchange equipment is conse-
quently very small, and a high degree of balance is 
no longer necessary. 

Basic Circuit. 
The basic circuit of the unit is shown in Fig. 1. 

It consist of a 1 : 1 transformer T which transmits 
the loop (i.e., speech) currents. Both primary and 

secondary windings are split, the inner ends being 
connected by the two windings of the inductance 
coil L1. Equal longitudinal currents (i.e., currents 
in the same direction in the A and B legs of the 
circuit) in the two halves of the primary winding 
mutually cancel and produce no E.M.F. in the 
secondary windings For loop currents the condenser 
C, completes the primary circuit, and the two 
condensers CC in series complete the secondary 
circuit. It will be seen that the continuity of the 
A and B legs of the circuit remains uninterrupted, so 
that, provided the resistance added to the circuit is 
small, normal signalling methods will be possible. 
The windings of the inductance L1  are magnetically 



	

-size of the atoms of the solute and solvent metals. 	take place in some alloys when they are heated above 

	

This can be readily understood when it is remembered 	certain temperatures while in the solid state. On 

	

that the atoms in a metal crystal take up regular 	controlling such changes, by cooling at the critical 

	

positions in space, the arrangement, unlike the 	rate, improved mechanical and other properties may 

	

picture presented in Fig. 2, being closely packed. 	be obtained. 
Thus, if the atomic diameter of the solute atom is 

	

large compared with that of the solvent atom, the 	The Utilisation of Changes in Crystal Structure which 

	

former will not be able to enter so freely the crystal 	take place in some Alloys while they are in the  

	

unit of the solvent metal. In the same way, of course, 	Solid State.  

	

is the converse of this true. It should be made clear, 	The fact that changes in crystal structure can, 

	

however, that these facts do not represent Quite the 	under suitable conditions, take place in certain alloys 

	

whole story, for the atomic diameters of the atoms of 	while they are in the solid state is made use of exten- 

	

some metals change when they enter the crystal unit 	sively in commercial practice. Most of these changes 
•of certain others. 	 result from (1) allotropic transformations, (2) changes 

	

Although the " size-factor " of atoms indicates 	in mutual solid solubility of the metals composing 

	

which metals are likely to show considerable mutual 	the alloy, (3) formation and decomposition of inter- 

	

solid solubility, there are several other factors which 	metallic compounds, and (4) " order-.disorder " 

	

have to be taken into account. The first of these is 	phenomena. Of these the first is familiar by reason 

	

the tendency of certain pairs of metals to form 	of the part it plays in the hardening of steel, and the 

	

intermetallic compounds, by which is meant that a 	third is not of first importance to commercially used 

	

.definite number of atoms of each metal combine to 	alloys, so that the second and fourth will be discussed. 
form a molecule, which henceforth exists as a unit 

Heat-treatment Based on a Change in Mutual Solid and must be accommodated in the crystal unit as such. Solubility of the Metals composing an Alloy. Even supposing the relative size of solvent and 

	

solute atoms is favourable and no intermetallic 	When two metals are more soluble in each other at 

	

compounds are formed, there is still one other factor 	raised temperatures than at normal temperatures, 

	

which limits the extent of solid solubility of one metal 	then by suitable heat,-treatment, which is referred to 

	

in another. This factor is the question of valency, or 	variously as age-hardening, precipitation-hardening 

	

the combining power of the atoms of any particular 	or dispersion-hardening, it is very often possible 

	

element (see Part II, p. 127). It has been found, for 	greatly to improve the properties of the resulting 

	

example, that the greatest solid solubility between 	alloy. 

	

metals is obtained when they have the same valency. 	As an illustration of the age-hardening process, the 
aluminium alloy duralumin may be considered. This 

	

Changes in Mutual Solid Solubility of Two or More 	alloy contains two intermetallic compounds, magne- 
Metals. 	 sium silicide (Mg2Si) and copper aluminide (CuAl2). 

	

The mutual solid solubility of some metals increases 	It is the increase with temperature of the solid solu- 

	

with a rise in temperature. The reason for this is 	bility of these two constituents in aluminium which is 

	

that a rise in temperature produces greater atomic 	fundamentally responsible for the age-hardening of 

	

mobility which allows more atoms of the solute metal 	duralumin. The manner in which this is brought 

	

to pass into the crystal unit of that forming the 	about can best be described in the following way. 

	

solvent. This phenomenon, as will be explained later, 	On slowly cooling duralumin from the molten state, 

	

is fundamentally responsible for the process of age- 	the alloy consists immediately on solidification of a 

	

hardening, which can be employed for improving the 	solid solution of CuAl2  and Mg2Si in aluminium. On 

	

mechanical properties of certain alloys, particularly 	further cooling, however, owing to the decrease in 
those of aluminium. 	 the solid solubility of CuAl2  and 1\12:2Si in aluminium 

with decrease in temperature, the face-centred cubic 
HEAT-TREATMENT. 	 lattice of aluminium becomes saturated with the two 

	

Heat-treatment, which enables metals and alloys to 	intermetallic compounds at a temperature of about 

	

be put in the most suitable condition for certain uses, 	450°C. At this temperature, therefore, the consti- 

	

has always been a very important operation in metal- 	tuents CuAl2  and Mg2Si come out of solution to some 

	

lurgy. Of more recent years it has become of even 	extent, with the result that there exist in duralumin 

	

greater importance, owing to the fact that many new 	these two intermetallic compounds with the primary 

	

alloys rely on heat-treatment for the full development 	solid solution, which structure persists down to room 

	

of their mechanical, electrical and magn .tic properties 	temperatures. Now, it so happens that if duralumin 
and their resistance to corrosion. 	 is heated to a temperature just over that at which the 

	

_It will have been gathered that—in popular 	maximum solid solubility of CuAl2  and Mg2Si in 

	

language—the higher the temperature the more 	aluminium is obtained, i.e. about 500°C, and then 

	

loosely are atoms held in the crystal unit, and the 	quenched in cold water, the solid solution stable at 

	

more easily can the entire crystal unit be adjusted to 	the higher temperature can be retained temporarily 

	

accommodate external deformation of the material. 	at normal temperatures. In this condition the 

	

In practice heat-treatment is, therefore, utilised to 	duralumin is in a very soft state and can easily be 

	

relieve internal stress caused by previous mechanical 	cold worked. Cold working cannot readily be done 

	

working, or to render the metal or alloy more plastic 	for long after quenching, however, since, owing to the 

	

for further working. Heat-treatment is also employed 	instability of the retain. d solid solution, precipitation 

	

to make use of the changes in crystal structure which 	of the two intermetallic compounds in a finely 
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dispersed state takes place, which is accompanied by 
hardening of the alloy. At one time it was thought 
that this precipitation was itself responsible for age-
hardening, it being postulated that the finely dispersed 
particles lodged themselves on the planes of slip in the 
crystals, thus making slip less easy when a stress is 
applied, consequently increasing the strength of the 
alloy. Of more recent years, however, it has been 
established that age-hardening takes place before 
precipitation of the particles of CuAl2  and Mg2Si has 
actually occurred. It therefore seems that some 
rearrangement of the atoms of the solid solution must 
be responsible for the phenomenon of age-hardening. 
The precise form this rearrangement takes, however, 
has not yet been discovered. It is thought probable 
that whatever structural change occurs it is bound 
up with the question of crystal slip being made less 
easy. The s'gnificance of crystal slip in relation to 
the strength of metals will be discussed in the next 
section but one. 

Order--Disorder Phenomena. 
The solution of one metal in another, either substi-

tutionally or interstitially can take place either in a 
regular or haphazard fashion. The resulti-g crystal 
units are known as ordered and disordered structures 
respectively. Examples of the two types of structure 
are shown in Fig. 5. In some solid solutions, however, 
the crystal unit can exist in the ordered or disordered 

ORDERED STRUCTURE DISORDERED STRUCTURE 

• ATOMS OF SOLVENT METAL 
o ATOMS OF SOLUTE METAL 

FIG. 5. 
state according to the heat-treatment the alloy has 
received, the former crystal unit being that type 
stable at normal temperatures. Thus on heating 
such a solid solution above a certain temperature, 
disorder sets in, slowly at first but later quite rapidly. 
The rapid change does not take place until what 
might be termed the " critical temperature " is 
reached. This critical temperature, however, cannot 
be considered in the same light as a critical tempera-
ture of an allotropic transformation since the order 
,disorder change takes place over a range of 
temperature. By quenching from a temperature at 
which the crystal unit is completely disordered, this 
structure may be retained at normal temperatures. 

The order-->disorder change is one of the more 
recently discovered phenomena exhibited by alloys 
in the solid state. It is accompanied by changes in 
mechanical and physical properties. One theory to 
explain the beneficial effects the heat-treatment of 
the nickel-iron alloys has on their magnetic properties 
asserts that an order—>disorder change is responsible. 

MECHANICAL PROPERTIES OF METALS AND ALLOYS. 
The mechanical properties of metals and alloys are 

fundamentally dependent upon the nature of the 
atoms of which they are composed and upon the way 
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in which these atoms are arranged in the crystal unit. 
Thus hardness and strength are mainly functions of 
the forces existing between the atoms, whereas 
ductility is chiefly related to the type of crystal unit 
in which the atoms are held in space. As an illustra-
tion of the latter relationship, the metals nickel, 
aluminium, lead, copper, iron, zinc, cadmium and 
magnesium may be considered. The first four of 
these metals, which are well known for their good 
ductility, crystallise in the face-centred cubic system. 
Iron at ordinary temperatures exists in the body-
centred cubic form and is less ductile ; the last 
three metals, which belong to the hexagonal crystal 
system, exhibit only moderate ductility. 

But besides the importance of the forces between 
metallic atoms and their arrangement within the 
crystal structure, the micro-structure (i.e. the crystal 
formation as seen under the microscope) may also 
profoundly affect the mechanical properties of metals 
and alloys. For example, cuprous oxide, which is 
practically insoluble in copper, if present to an extent 
greater than about 01 per cent., renders the metal 
brittle. This is because it tends to segregate to the 
crystal boundaries and, being a brittle material itself, 
imparts this property to the copper. 

When two or more metals are alloyed, the resulting 
alloy may have poorer or better mechanical properties 
than those of the individual metals. If the metals 
form an alloy of the type where there is little or 
practically no mutual solid solubility, then improve-
ment or otherwise in mechanical properties follows 
the general laws appertaining to aggregates. If, on 
the other hand, the metals form an alloy of the solid 
solution type, the change in mechanical properties is 
essentially due to the entry of the atoms of the added 
metal into the crystal unit of the basis metal causing 
a distortion of the atomic arrangement of the latter 
and perhaps the formation of an additional solid 
solution. Distortion of the crystal unit of a metal 
makes slip within the crystals more difficult, conse-
quently raising their resistance to deformation. The 
distortion of a crystal unit by the entry of other atoms 
is shown in Fig. 6. But distortion of the crystal unit 

a. z 
rJn a 

• ATOMS OF SOLVENT METAL 
0 ATOM OF SOLUTE METAL 

FIG. 6.—DISTORTION OF CRYSTAL UNIT BY ENTRY OF SOLUTE 
ATOMS. 



brought about in this way has comparatively little 	followed by a movement on other planes. Just what 
direct effect on mechanical properties. What is more 	is responsible for this cessation of slip is not known 
important is the result the alloying has on the 	precisely, although it is thought that the crystal 
capacity of the alloy to benefit from mechanical 	boundaries play a not unimportant part in acting as a 
working or heat-treatment operations. Similarly, 	kind of buffer. Ultimate fracture does not take place 
although the nature of the atoms and the way in 	on the planes of original slip, but on those where slip 
which they are arranged in space are fundamentally 	has most recently occurred. As the process of slip 
responsible for the mechanical properties of pure 	proceeds, the axes of individual crystal units swing 
metals, it is the extent these attributes enable 	round so that the whole of the crystals become 
advantage to be taken of working and heat-treatment 	re-orientated in the direction of the application of 
operations which is of the greater importance in the 	stress. Such a condition is known as " preferred 
development of mechanical properties. 	 orientation." 

Evidence of this is obtained from X-ray diffraction 
The Development of Mechanical Properties by 	 patterns as shown in Fig. 5 of the first article. 

Mechanical Working Operations. 	 Now the point about crystal slip, as it affects the 
There are two general forms of mechanical working 	mechanical properties of metals and alloys, is that 

operations : (1) hot working, and (2) cold working. 	the proce=s places the atoms in the crystals in a more 
Hot working develops mechanical properties only in 	favourable position to resist deformation, thus 
so far as it homogenises and refines the crystal size of 	resulting in what is known as strain-hardening. 
a metal or alloy. Homogenising, especially with an 	To turn to the practical aspect of the subject, it is 
alloy, has the effect of evenly distributing the various 	found that of the more recent metallic materials of 
constituents, thereby rendering the alloy equally 	possible use in telecommunications there are coin- 
strong throughout its mass. Refinement of crystal 	paratively few which rely on hot or cold working 
size is of importance because a coarse crystal structure 	operations for development of their mechanical 
usually makes a metal weak with poor ductility. 	properties, but certain copper-base alloys containing 
With cold working operations, however, the effects 	silicon and manganese, or nickel, aluminium and 
on mechanical properties are very much greater, and 	silicon possess good mechanical properties coupled 
to understand just why this should be so, some 	with excellent resistance to corrosion. 
consideration must be given to the deformation of 

The Development of Mechanical Properties by Heat- metals and alloys by cold work. 
When a metal or alloy is plastically deformed in 	treatment. 

the cold, i.e. when the elastic limit has been passed, 	By far the greatest number of non-ferrous alloys 
it can be shown by microscopic or X-ray examination 	introduced during the last few years owe their good 
that slip takes place within the crystals along certain 	mechanical properties to the development of age- 
crystallographic planes. This is shown diagram- 	hardening by heat-treatment. The mechanism of 
matically in Fig. 7. On account of this there is 	age-hardening was discussed in the section which 
relative movement between component parts of 	dealt with heat-treatment. It remains here to draw 

attention to the remarkable mechanical properties 
A 	 C 	B 	 obtainable with certain age-hardening alloys of 

	

 	A:OXTUZ75 	 possible use in telecommunications. Most of these 
D 	 alloys are based on copper, and, broadly speaking, 

CROSS—SECTION OF TWO CRYSTALS BEFORE STRAINING they can be divided into the following groups : 
AC& CB CRYSTAL FACES. CD CRYSTAL BOUNDARY 	 1. Beryllium-copper. 

2. Chromium-copper. A  E 	F 	C G H B 	 3. Heat-treatable nickel silvers and brasses. 
- 77,177;:f: 	 All the age-hardening copper-base alloys are noted 

D 	 for their excellent mechanical properties, and some 
CROSS—SECTION OF TWO CRYSTALS AFTER STRAINING combine good mechanical properties with high 

E,F,G&H ARE POSITIONS OF SUP PLANES 	 electrical conductivity. ' For this reason certain of 
FIG. 7.-FORMATION OF SLIP BANDS. 	 the materials have found many uses in the electrical 

industry, such as' for welding electrodes, electrical 
the crystal, which may be likened to the movement 	machinery castings and springs. 
over one another of cards in a pack. This process, 	One of the advantages of an alloy which is age- 
coupled with the restraining effect of the crystal 	hardenable is that, provided the hardening is 
boundaries, tends to elongate the crystals in the 	appreciable, the strength of the casting can be made to 
direction of the application of stress. During the 	approach or even surpass that of material in the cold 
process of slip there is a rearrangement of the atoms 	worked state. Thus, casting as a cheap and easy 
within the crystals. Since the orientation of the 	means of producing a desired shape can be utilised, 
crystals in an unstrained metal or alloy is at random, 	and, at the same time, mechanical properties of the 
it follows that slip must take place as a result of 	order associated with an article which has been made 
shearing action. As was stated previously, slip takes 	by hot or cold working processes are obtained. 
place along crystallographic planes. Along some of 	Where an age-hardening alloy is wrought to shape, 
these it is easier for slip to occur than along others. 	the working is nearly always done after the alloy has 
After a certain amount of movement has taken place 	been quenched from a high temperature, i.e. when it 
on any particular set of slip planes, it ceases, and is 	is in the softest possible condition. Reheating for 
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Ult. tensile stress 
(tons/m.2) 20-23 	 10 

Elong. % 20 	 30-50 

Property 
Chromium-copper 	Copper 

Cast and age-hardened 	Cast 

Vickers hardness .. 110-130 	 45 

age-hardening then follows. With some alloys the 	per cent. beryllium ; the other consists of 99.5 per 
intermediate cold working enables even better 	cent. copper, 0.4 per cent. chromium and 0.1 per cent. 
mechanical properties to be obtained than those 	beryllium. 
developed by age-hardening alone. 	 Straight beryllium-copper has an electrical con- 

ductivity of 25 per cent. that of copper, but the 
corresponding figures for the cobalt and chromium-
containing alloys are 45 per cent. and 75 per cent. 
respectively. 

Chromium-copper Alloys. 
These alloys, like the beryllium-cobalt-copper and 

beryllium-chromium-copper alloys are finding par-
ticular application as electrical castings and welding-
electrodes in place of copper. They contain 0.5-1 per 
cent. chromium with about 0.1 per cent. of silicon 
to act as a deoxidiser. Some figures for the mechanical 
properties of cast and age-hardened chromium-copper 
are given in Table 4, together with comparative figures 
for pure copper. 

TABLE 4. 

Beryllium-copper Alloys. 
The beryllium-copper alloys and their modifications 

have possibly the greatest commercial application of 
all the age-hardening copper alloys; they certainly 
are the most outstanding as regards their mechanical 
properties. At the same time these alloys are very 
expensive, owing to the high cost of beryllium, and 
are, therefore, used only where exceptional mechanical 
properties are absolutely necessary. Great efforts 
have been made to make them a more reasonable 
commercial proposition, and with the rec,-nt fall in the 
price of beryllium, combined with the development of 
alloys based on the beryllium-copper system, but in 
which some of the beryllium is replaced by other 
metals such as cobalt, chromium or nickel, it is likely 
that these alloys will find greater application. 

Straight beryllium-copper usually contains about 
2.15 per cent, beryllium. Some figures are given in 
Table 3 for the mechanical properties of strips of such 
an alloy in the fully hardened state together, for 
comparison, with those of cold rolled copper and cold 
rolled nickel silver (extra hard temper) containing 
18 per cent. nickel, 27 per cent. zinc and 55 per cent. 
copper. 

TABLE 3. 

Copper 

28 

10 

Beryllium-copper 
quenched from 
800°C. and re-
heated to 300'C. 

for 2 hours 

78 	I 	47 

Nickel silver, 
extra hard 

temper 

The electrical conductivities of cast chromium-
copper and copper are 80 per cent. to 85 per cent. and 
80 per cent. to 90 per cent. that of the international 
standard respectively. 

Chromium-copper is also manufactured in the form 
of wire. The drawing of the wire is carried out either 
after the wire rods have been heated to 950° C. and 
quenched, or after reheating for age-hardening at 
about 500°C. With the latter method the greatest 
tensile strength is obtained. 	Some results for 
mechanical properties are given in Table 5 and are 
illustrative of the effect of processing. 

Property 

Ult. tensile 
stress 

(tons/in2) 

Elastic limit 
(tons/in.2) 53 

	
22 

Young's Modulus 
(1b.lin.2  x 10-6) 18.5 20.2 	 TABLE 5. 18.9 

380 

6.0 1.5 

13-16 9-10 

Elong. % on 2 in. 

Vickers hardness 

Fatigue strength 
(± tons/m2) 
	

7-9 

Quenched from 
1,000'C , drawn 

from 0.5 in. to 
0.2 in. diam and 
reheated at 500°C. 

for three hours 

Quenched from 
1,000°C., reheated 

at 500°C. for three 
hours and drawn 

from 0.5 in. to 
0.2 in. diam. 

240 	 Property 

5.0 

120 

The constituent responsible for the age-hardening 
of beryllium-copper alloys is a solid solution termed y. 
This has a crystal structure of the body-centred cubic 
type, that of the solvent being of the face-centred 
cubic form. 

As was stated above, the addition of cobalt, 
chromium or nickel to beryllium-copper enables the 
beryllium content to be reduced, thus lowering the 
cost of the alloy ; but besides this there is also 
achieved a refinement of crystal size, and in some 
alloys a very considerable improvement in electrical 
conductivity. The two most outstanding alloys in 
this class were developed in the U.S.A. One contains 
97 per cent. copper, 2.6 per cent. cobalt and 0.4 

194 

34 
	

41 

15 
	

3.5 

140 
	

180 

It should be noted that it is possible to obtain 
mechanical and electrical properties from chromium-
copper alloys in the form of wire comparable with 
those of cadmium-copper, a material which up to the 
present has been considered the most satisfactory 
high strength copper alloy in place of bronze for 
subscribers' lines. With the further development of 
the chromium-copper alloys it seems likely that they 

Ult. tensile 
stres, (tons , m2) . 

Elongation % on 
2 in. 

Vickers hardness 



37 

Ult. tensile 
stress 

(tons/m.2) 

18.0 
Elastic limit 
(tons/in.2) 

33 
Elongation 

(3'„ on 2 in. 

170 
Vickers 
hardness .. 

Alloy and heat-treatment 

Heat-treatable 
nickel silver 

Heat-treatable 
brass 

Property 

Water- 
quenched 

and 
reheated 

Water- 
quenched, 
cold rolled 

and 
reheated 

Water- 
quenched 

and 
reheated 

Water- 
quenched, 
cold rolled 

and 
reheated 

56 37 47 

20.0 17.0 25.0 

6 29.0 1 1 0 

250 155 210 

may be suitable as an alternative to cadmium-copper 
for this purpose. 

Other Age-hardening Alloys. 
The heat-treatable nickel silvers and brasses contain 

the intermetallic compound nickel aluminide (NiA1), 
which is more soluble at raised temperatures than at 
room temperatures in the primary solid solution of the 

TABLE 6. 

elements present in the alloy. This, of course, gives 
rise to the development of age-hardening on suitable-
heat-treatment. These alloys have good elastic 
properties and are therefore used, among other 
applications, for springs. In Table 6 are recorded 
the mechanical properties of some of the heat-
treatable nickel silvers and brasses. Water quenching-
was done from 800° C. and the reheating temperature 
was 500°C. A comparison of the figures in this table 
should be made with those given for nickel silver in 
Table 3. 

A point of particular interest in most copper-base-
age-hardening alloys is that besides exhibiting greater 
mechanical strength than copper-base alloys not 
susceptible to age-hardening, they have a greater 
percentage elongation at fracture. This is of great 
advantage in that it means that fully age-hardened 
alloys are less brittle than those fully work-hardened. 

In conclusion, as was pointed out in the second 
article of this series, the crystal structure of metals is 
not so completelyunderstood as that of the non-metals. 
For this reason the metallurgist in searching for new 
alloys to meet the ever more exacting demands of the 
engineer still has to work to some extent by " hit and 
miss " methods. These methods, however, are gradu-
ally being replaced by a more scientific approach to 
the subject as knowledge of the crystal structure of-
metals increases, so that ultimately the metallurgist 
should be in as favourable a position as the chemist-
in being able to build his materials to order. 

Book Review 

" THE AMATEUR RADIO HANDBOOK." Second Edition. 
328 pp. The Incorporated Radio Society of Great 
Britain. 3s. 6d. 
After a first edition of 5,000 copies, a second printing 

of 3,000 copies of this handbook made in August, 1939, 
was reduced so quickly that it became necessary to 
produce a second edition in the middle of this year ; 
this is a sure indication of popularity. 

The handbook is written in a style calculated to 
appeal to the amateur with its brighter moments for 
others. A typical example occurs in discussing ultra-
short-wave transmitters where +he sidebands are cut 
up and there is even a risk of the carrier splitting. 
Further it is implied that unless experiments are par-
ticularly directed at high quality audio frequencies greater 
than 1 kc/s need not be transmited (p.22). This is a 
very pleasant thought for the telephone engineer who 
has evidently been experimenting with high quality 
for some years, maybe without knowing it. An intriguing 
advantage (!) of duplex working is given on p. 128, where 
it is stated that either operator may talk at any moment 
instead of waiting for the other to stop speaking. As 
an example of manners, maybe bad, but nevertheless 
it makes its point simply and effectively. 

A chapter on crystal band-pass filters is included for 
the first time, and although mainly dealing with a special 
type, which one of the chief collaborators has assisted 
in developing, is obviously a valuable contribution in 
dealing with interference within crowded frequency 
bands. The discussion, complete with a short biblio- 

graphy on frequency measurement, should go far in 
helping the amateur to minimise interference—however-
infrequently—from his own equipment outside the-
amateur bands when amateur transmissions are again 
permitted after the war. Another useful new feature is. 
the inclusion of a chapter on Workshop Practice. 

The formula quoted on p. 234 for the so-called horizon 
distance should surely read 1 .23 VH instead of 1 .42 VH, 
where H is the " height " of the observer's eyes in feet. 
Presumably the writer intended to qualify 1'42 by 
saying that it made due allowance for the bending of 
rays round the curvature of the earth, but no such 
statement is made. The various remarks on the range 
of ultra-short waves and the credit claimed for the- 
stabilised transmitters and superheterodyne receivers. 
make one doubt if the writer had any appreciable idea 
of the extent to which the Post Office has extended such 
radio links into the telephone network of the country. 
One of the earliest U.S.W. links to come into com-
mercial operation anywhere was that between Guernsey-
and this country, being opened for commercial traffic 
early in 1936, after two years' experimental trial. As a 
matter of interest the propogation path is 85 miles„ 
approximately 1*73 X the horizon distance. 

In a work of this kind there must obviously be many 
points—the reviewer has only indicated one or two 
such points—with which the radio engineer as distinct 
from the amateur will disagree, but this in no way 
detracts from its general utility. 	Its continued 
popularity seems assured. 	 A. H. M. 
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3,600 
800 
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1,000 
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400 
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800 

Halfway 	. . 
Milngavie 	. . 
Shettleston 
Newton Mearns 
Barrhead 
Thornly Park 
Provanmill 
Possil 	. . 
Springburn . . 
Busby.. 

20. 9.37 
15. 8.38 
15. 8.38 
10.10.38 
31.10.38 
14.11.38 

5.12.38 
7. 8.39 
7. 8.39 
4. 9.39 

Exchange Multiple 
Installed 

Date of 
Opening 

Welsh and Border Counties Region 

COAXIAL CABLE ROUTE 

A short trunk route consisting of tw o single coaxial 
cables one for " go " and the other for " return " and 
of a length of about 50 miles, most of which is in this 
Region, has recently been provided. Each cable consists 
of one coaxial pair, the inner conductor being a solid 
copper wire 0 .104 in. diameter. The outer conductor 
consists of ten interlocked copper tapes laid together 
to form a stable flexible tube 0 .375 in. internal diameter 
with a radial thickness 0 .030 in. The insulation between 
the inner and outer conductors consists of a two-ply 
cotopa string laid round the inner conductor in an open 
helix, and spiral wrapping of paper which forms a closed 
cylinder. The insulation between the outer conductor 
and lead sheath is two wrappings of paper applied 
tightly over the strips forming the tubular conductor 
in such a manner to break the joint between the papers. 
The diameter of the lead sheath is 0 .68 in. A short 
length of subaqueous cable had to be used ; this is of a 
similar type to the land cable, but has an alloy sheath, 
rubber covered and armoured. 

The intermediate repeater stations consist only of one 
small bay of amplifying apparatus and have been housed 
in existing telephone exchanges on the route. 

Approximately ten miles of 4-way ducts had to be 
provided over sections of the route, and in one section 
(2,570 yards approximate) where creepage difficulties 
had previously been experienced, it was decided to lay 
asbestos ducts with concrete damping as a precaution 
against similar trouble in the future. Considerable diffi-
culty was experienced in excavating 23 manholes in 
one section, owing to the presence of water and running 
sand, and it was only by making use of " More " trench 
well point plant that it was possible to carry out the 
work. In sections of the route where creepage and 
corrosion trouble had previously been experienced, it 
was decided to provide antimony lead sheath and 
protected cable respectively as a precaution against 
recurrence of the trouble. The two cables were drawn 
in simultaneously into one duct track. 

Where possible drawing-in of the cables was done in 
approximately 350 yard lengths in order to reduce the 
number of joints. Coaxial cable jointing is a very highly 
skilled operation requiring the use of special tools and, 
therefore, is an expensive operation. Each cable and 
joint is also protected with flexible metallic tubing in 
the manholes, the tubing being passed over each cable 
and extending approximately 6 in. into the duct on 
either side. The tubing in turn is secured to a flat metal 
strip which rests on the cable bearers, and thus provides 
a continuous support for the cables. 

The Glasgow auto. exchanges in service are : 

Total Final Selector Multiple = 9,900. 

The second stage of the scheme consists of the opening 
of the joint trunk exchange, which has now been effected, 
and the simultaneous transfer later of six director 
exchanges. These exchanges are :— 

Central 	.. 	 .. 10,000 lines multiple 
City 	 .. 2,100 „ 
Bell 	 4,200 „ 
Douglas 	 7,800 
Paisley 	. . 	 3,500 „ 
South 	.. 	 .. 3,300 „ 

and are scheduled for opening in the spring of 1941. 

The opening of the joint trunk exchange was 
accomplished in two stages. On Sunday, February 17th, 
1940, the demand trunk service was transferred from 
the H.P.O. to Telephone House. The mechanical trunk 
equipment was brought into service and 2 V.F. dialling 
introduced on the routes to Birmingham, Bristol, Leeds, 
London, Manchester and Newcastle. Routes to other zone 
centres are still worked on a generator signalling basis. 
The 2 V.F. dialling scheme is working satisfactorily 
and the facility whereby calls to subscribers on auto-
matic exchanges at distant zone centres can be com-
pleted without the intervention of the distant zone 
operator is an especially valuable relief in view of the 
present difficulties. 

On Sunday, December 1st, 1940, lending traffic was 
transferred from central manual exchange to Telephone 
House, together with traffic from unit automatic 
exchanges and the manual traffic from the ten advance 
exchanges scheduled above which was previously handled 
on a temporary auto-manual suite of 30 positions at 
Central manual exchange. 

Coincidentally the mechanical toll equipment was 
brought into use. The design of mechanical toll differs 
from past provincial practice inasmuch as toll exchanges 
dial the translation of the code of the objective exchange 

Scottish Region 	 into group selectors acting as tandem 1st code selectors. 

GLASGOW AUTOMATIC CONVERSION SCHEME 	This arrangement anticipates the future provision of a 
tandem first code selector of new design. 

Seven new director automatic exchanges have been 	Transfer schemes in respect of Pollok, Renfrew and 
brought into service since the references to Halfway, 	Bearsden are to proceed. 	These exchanges are 
Milngavie and Shettleston in previous Notes. In addition 	scheduled to open in December, 1942, but the programme 
an extension of 1,800 lines multiple at Halfway was 	for the remainder of the area has been temporarily 
completed in August, 1940. 	 abandoned. 
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Reg. Engr.  
Wallcroft, F. E. 	.. E.-in-C.O. to W. & B.C. 

Reg. 	.. 25.11.40 
Asst. Engr.  
Brown, R. C. C. 	.. E.-in-C.O. to S.W. Reg. .. 21.10.40 

Insp. 
Sims, G. H. 	 L.T. Reg. to E.-in-C.O. .. 	16.9.40 
Cheyney, C. E 	L.T. Reg. to E.-in-C.O. .. 	16.9.40 
Roberts, H. T. 	E.in-C.O. to L.T. Reg. .. 18.11.40 

Exec. Engr. 
Baldwin, D. Z. 
Cleaver, J. 	.. 
Bowyer, G. .. 

Asst. Engr. 
Tanner, G F 
Gray, G. 	. 

Chief Insp. with Allowance 

	

20.8.40 	Mercer, H. .. 	N.W. Reg .. 	 30.9.40 
30.9.40 

.. 	31.10.40 	Chief Insp. 
Hartnell, C. H. B. .. 	 .. 	 • . 	30.9.40 
Clifford, F. 	 L.T. Reg. .. 	 .. 	3.12.40 

.. 	30.11.40 	Mullis, P. R 	.. W. & B.C. Reg 	.. 11.10.40 

.. 	30.11.40 	Crosby, S. C 	W. & B.C. Reg. 	 31.8.40 

.. E.-in-C.O. 

.. S.W. Reg. .. 
. S.W. Reg. .. 

.. E.-in-C.O. .. 
L.T. Reg. .. 

Staff Changes 
Promotions 

Name 
	

Region 	 Date 
	

Name 
	

Region 	 Date 

From Reg. Engr. to Acting Principal. 
Beer, C. A. 	 Telecomms. Dept... 

From Exec. Engr. to Acting Tel. Manager. 
Gifford, H. W. 	.. Cardiff 	.. 

From Exec. Engr. to Acting Reg. Engr. 
Baines, J. 	.. 	.. S.W. Reg. .. 
Morrill, A. E. 	.. S.W. Reg. .. 

From Asst. Engr. to Acting Exec. Engr. 
Lowne, W. R. J. 	.. Mid. Reg. .. 
Thomsett, H. S. 	.. H.C. Reg. .. 
Chapman, F. G. 	.. E.-in-C.O. .. 
Gambier, J. E. 	.. S.W. Reg. .. 

From Chief Insp. to Acting Asst. Engr. • 
Pitloh, T. P... 	N.E. Reg. .. 
Turtle, G. R... 	.. Mid. Reg. .. 
Drew, L. C. .. 	H.C. Reg. .. 
Dye, F. W. G 	.. E.-in-C.O. . 
Twycross, A. E 	.. Mid. Reg. .. 
Anderson, J. 	. N.E. Reg. .. 
Davey, F. R . 	.. E.-in-C.O. .. 
Legood, F. J. 	.. E.-in-C.O. .. 
McKie, A. N... 	.. E.-in-C.O. .. 
Stonebanks, A. M .. S.W. Reg. .. 
Stone, M. C. .. 	.. S.W. Reg. .. 

From Chief Insp. to Chief Insp. with Allowance 
1 ansley, 	 N.W. Reg. .. 

From Insp. to Acting Chief Insp.  
Harrison, T. W. 	.. Mid. Reg. 
Reardon, J. 	 E.-in-C.O. .. 
Drew, F. C. .. 	.. S.W. Reg. .. 
Lush, A. 	.. 	H.C. Reg. .. 
Yates, G. A. .. 	.. Mid. Reg. .. 
Weeks, 0. J. 	H.C. Reg. 
Spice, W. H. J 	L.T. Reg. .. 
Cook, A. E. .. 	L.T. Reg. .. 

From Insp. to Acting Chief Insp.—continued 
Butcher, E. E. 	.. H.C. Reg. .. 	 1.9.40 
Ryan, R. L. .. 	.. 'E.-in-C.O. .. 	 6.10.40 
Emery, E. A. 	.. L.T. Reg. .. 	 .. 	12.7.40 
Todd, D. W. .. 	.. L.T. Reg. .. 	 .. 	21.7.40 
Facer, J. H. .. 	.. Mid. Reg. 	 . 27.10.40 
Houghton, C. W 	.. S.W. Reg. . 	 .. 10.11.40 
Young, G. 	.. 	.. Mid. Reg. .. 	 .. 	14.11.40 
Wearn, R. G. 0. 	.. Mid. Reg. .. 	. 	.. 	9.8.40 
Philipson, W. 	.. Scot. Reg. .. . .. To be fixed later 
May, E. G. A. 	.. H.C. Reg. 	. 	 .. 10.11.40 
Ingram, E. .. 	.. N. Ire. Reg 	 .. 14.10.40 
Masters, E. J. 	.. H.C. Reg • . 	 . . 	5.9.40 
Duggan, W. G. 	.. Scot. Reg. .. 	 .. 13.11.40 
Surman, W. L. 	.. Mid. Reg. .. 	 .. 	21.7.40 
Newson, F. W. 	.. E.-in-C.O. .. 	 .. 	30.7.40 
Stapley, G. R. 	.. Mid. Reg. .. 	 .. 	25.8.40 
Britton, A. D. 	.. H.C. Reg. .. 	 .. 	11.8.40 
Endecott, A. H. 	.. W. & B.C. Reg 	.. 	.. 27.10.40 
Tinto, J. M. .. 	.. S.W. Reg. .. 	 .. 	23.9.40 
Beer, T. 	.. 	.. W. & B.C. Reg. 	.. 	. 	1.7.40 
King, W. 	.. 	.. H.C. Reg. .. 	.. To be fixed later 
Brunel, L. F. J 	.. E.-in-C.O. .. 	 .. 	26.9.40 
Hardy, J. 	.. 	.. N.E. Reg. .. 	 .. 	1.11.40 
Sinstead, H A 	. L.T. Reg. .. 	 .. 	4.12.40 
Taylor, I. 	.. 	.. N.W. Reg. .. 	 .. 	1.10.40 
Smith, J. P. .. 	.. N.E. Reg. .. 	 .. 	6.11.40 
Fox, W. H. .. 	.. E.-in-C.O. .. 	 .. 	7.4.40 
Raffles, H. 	.. 	.. S.W. Reg. . 	 .. 	10.11.40 

From Prob. Insp. to Insp. 
Hetherington, T. 	.. E.-in-C.O. .. 	 10.8.40 

From S.W.i to Acting Insp. 
Forster, G. C. .... .. E.-in-C.O. .. 	 .. 	26.4.40 
Anderton, C. 	.. E.-in-C.O. .. 	 .. 	1.7.40 
Price, H. 	.. 	.. E.-in-C.O. .. 	 .. 	2.9.39 
Osborne, C. A. 	.. E.-in-C.O. .. 	 .. 28.10.40 
Wilshire, A. V. 	.. E.-in-C.O. . 	 .. 28.10.40 

From U.S.W. to Asst. Chem. or Asst. Phys. 
Young, E. J... 	.. Test Section, B'ham 	 3.9.40 

17.10.4 

20.8.40 
1.10.40 

.. 	28.9.40 

.. 	19.10.40 

.. 	31.10.40 

.. 	31.10.40 

9.10.40 
.. 	20.10.40 

1.10.40 
26.9.40 
26.9.40 

.. 	6.10.40 

.. 	25.11.40 

.. 	20.11.40 

. 	30.11.40 

.. 	30.11.40 
• . 	30.11.40 

1.10.40 

.. 	9.8.40 

.. 	27.10.40 
22.9.40 
11.8.40 
9.8.40 

.. 	10.11.40 
24.7.40 
12.7.40 

Transfers 

Name 
	

Region 	 Date 
	

Name 
	

Region 	 Date 

Retirements 

Name 	 Region 	 Date 	 Name 	 Region 	 Date 
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Name 
	

Region 	 Date Name 
	

Region 	 Date 

From E.O. to S.O. 
Smith, G. S. .. 	E.-in-C.O. .. 	 11.9.40 
Knightbridge, H. T.. E.-in-C.O . 	 3.11.40 

From C.O. to E.O. 
Martin, H. J... 	.. E.-in-C.O. .. 	 .. 	4.10.40 
Park, W. H. 	 . 	 .. 11.10.40 
Botelle, S. A... 	.. E.-in-C.O. 	 .. 	11.11.40 
Bray, S. F. .. 	E.-in-C.O. .. 	 .. 	11.11.40 
Craik, A. 	.. 	E.-in-C.O. .. 	 .. 	28.11.40 
Adams, W. H. 	.. E.-in-C.O. .. 	 .. 28.11.40 

Wolstenholme, — .. Provinces .. 	 .. 19.10.40 
Gallagher, F... 	.. Provinces .. 	 .. 	7.11.40 

From C.O. to H.C.O. 
Clarke, M. A... 	.. Provinces .. 	 .. 	3.11.40 
Dickinson, F. E. 	. Provinces .. 	 .. 	27.10.40 
Mogford, V. H. 	Provinces .. 	 .. 	3.11.40 
Guyatt, L. G. J. 0 .. Provinces .. 	 . 	2.12.40 
Brown, A. E... 	. Provinces .. 	 . 	1.10.40 
Brook, H. 	.. 	.. Provinces .. 	•.. To be 	fixed later 

Name 
	

Region 	 Date Name 	 Region 	 Date 

.S.O. 
Laws, W. .. E.-in-C.O. .. 	 2.11.40 

C.O. 
Wright, E. K. (Miss) E.-in-C.O. .. 9.11.40 

Name 
	

Region 	 Date Name 
	

Region 	 Date 

Name 	 Region 	 Date Name 	 Region 	 Date 

Asst. Engr.  
Mills, A. D. 

Chief Insp.  
Patrick, F. H. 

	

.. Scot. Reg. .. 	 .. 	13.10.40 

	

L.T. Reg. .. 	 19.9.40 

Insp. 
Palmer, R. W. L. .. E.-in-C.O. .. .. 	20.11.40 

CLERICAL GRADES 

Promotions 

Retirements 

DRAUGHTSMAN GRADES 

Promotions 

D'man Cl. I to Acting,  Senr. D'man. 
Tait, W. D. : . 	.. Scot. Reg. .. 
Mountain, A. J. A. .. S.W. Reg. . 

D'man Cl. I to Acting Senr. D'man. 
Lennon, F. T. 	H C Reg .. .. 	30.8.40 

.. 	6.10.40 
.. 	24.11.40 

Deaths 
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AUTOMATIC TELEPHONE & ELECTRIC CO. LTD. 
NORFOLK HOUSE, NORFOLK ST., STRAND, W.C.2. 	Phone, Temple Bar 9262 • Grams,"Auteko, Estrand, London 

STROWGER WORKS, LIVERPOOL, 7 	 Phone, Stoneycroft 4830 • Grams,'Strowser Livetpool" 

xii 	 xii 

STROWCER AUTOMATIC TELEPHONE EQUIPMENT 

TELEPHONY VITAL TO THE VICTORY BRINE
Communications are a factor of paramount importance and they affect every aspect 
of the Nation's War Effort. Military, industrial, commercial and civil requirements 
are being met, and in this hour of National need the advantages of telephone service 
are being appreciated as they have rarely been before. The provision and operation 
of adequate telephone service by the Post Office has been no light task and its 

maintenance may prove increasingly difficult in days to come, but it is certain that 
the effort will be made to accomplish the task as efficiently in the future as it has 
been in the past. 

Automatic Telephone & Electric Co. Ltd., as manufacturers of Strowger Automatic 
Telephone Equipment for the Post Office are proud to feel that they are associated 
with the success of this enterprise. 



Illustrated above is the 

Bamawm R.A.X. Building. 

Victoria. Australia. On the left 

are typical exchange units with a 

capacity ranging from 50200 lines. 

3.mackti:1 	THE GENERAL ELECTRIC CO., LTD., OF ENGLAND 
TELEPHONE WORKS COVENTRY ENGLAND 
COVENTRY 4111 (10 LINES)* 	 * SPRINGJACK COVENTRY 

HEAD OFFICE: MAGNET HOUSE. KINGSWAY, LONDON. W.C.2. 

REGD TRADE MARK 

XV 

ut 	e te u Lei I _f ub • • • 

We are supplying more and more Rural Automatic Exchanges and 

so bringing the telephone to many small communities otherwise 

secluded from the outer world. In spite of heavy national demands 

we are giving our friends abroad our usual services and attention. 



AUTOMATIC 
STANDBY 

PLANT 

Recently completed AUSTIN-

LITE STANDBY PLANTS 

range in size from a 200 k.w. 

Automatic Plant for a large 

Municipal Power Station to a 

z4 k.w. Plant for an A.R.P. 

Shelter. 

Whatever the size and purpose 

of the plant the same stringent 

test conditions are applied. 

AUSTINLITE LTD. 
CHANCE BROTHERS & CO. LIMITED 

LIGHTHOUSE WORKS, SMETHWICK 

Just turn 

the switch 

to change 

the range. 

THE CLIP-ON AMMETER has become 
established as an indispensable instrument 
for the rapid measurement of currents in 
busbars, fuses and cables. 
You simply take the instrument in one hand, 
clip round the conductor and observe the 
reading ! 
Don't worry if the conductor is bare—the 
core is completely insulated and the frame 
is of moulded bakelite. 

COMPREHENSIVE RANGES AVAILABLE: 
0 - 100 - 500 	0 - 7.5 - 75 	0 - 20 - 100 
0 - 100 - 1000 
0 - 200 - 1000 	0 - 10 - 50 	0.25.150 
0 - 300 - 1500 	0 	15 - 75 	0 - 50 - 250 

Write for List IN. II. 

FERRANTI LTD., HOLLINWOOD, LANCS. 
London Office, BUSH HOUSE, ALDWYCH, W.C.2 

WRITE 
to address above for 

full details and specifications 
your requirements. 

covering  

xiv 

• 

CLIP-ON AMMETER 

S 
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THE new Ericsson Automatic Telephone No. 1002 shown here has a 
casework of black moulded bakelite in a modern, distinctive and pleasing 
design. It incorporates a form of cradle or micro-telephone rest which 

is not readily damaged should the instrument get violently knocked or fall 
to the ground. 

The whole of the interior apparatus which is mounted on a frame can be 
removed as a unit, the base plate which incorporates a useful sliding tray 
fitment being first removed. Dimensions, 6 by 9-i by 81 inches ; weight, 6 lbs. 

NOW AVAILABLE TO P.O. SUBSCRIBERS 

Full particulars from makers : 

ERICSSON TELEPHONES LTD. 

xix 

TELEPHONES LTD. HEAD OFFICE : 22 LINCOLN'S INN FIELDS, LONDON, W.C.2. 
Works : Beeston, Notts. 	 (Telephone : HOLborn 6936) 



REGD. 

Differential Moving Coil MILLIAMMETERS 
For Telegraph Circuits 

T. 1097. TABLE MOUNTING TYPE. 

TABLE, WALL AND PANEL 

MOUNTING TYPES 

T. 1089. PANEL MOUNTING TYPE. 	 INVALUABLE as line Milliammeters 
on Differential Duplex, Sub - Audio 

Frequency and many other Telegraph Systems, also for testing 
purposes in connection with Land Lines and Radio Communication. 

Particulars will be sent on request. 

British 

Instruments 

for 

British 

Industries 

T. 1098. WALL MOUNTING TYPE. 

TELEPHONE 
BLACK FRIARS 
8701 (8 lines) 

FREDERICK SMITH & COMPANY 
(INCORPORATED 	ThE. LC,DC,  ELECT'. 7 	 AND SMITHS, LAMtTECI) 

ANACONDA WORKS, SALFORD, 3, LANCS. 

TELEGRAMS 
`ANACON 07' 

MAN NE STF 

WIRES 
in 

BRONZE AND 

CADMIUM-COPPER 
AS SUPPLIED TO H.M. POST OFFICE 

FOR TELEPHONE LINES 

SEND US PARTICULARS OF YOUR JOB 

AND OUR TECHNICAL ENGINEERS WILL 

PROVIDE YOU WITH THE DATA YOU NEED 

ELLIOTT BROTHERS (London) LTD., Century Works, Lewisham, S.E.I3 	Telephone 
Tideway 3232 

in association with 

SIEMENS BROTHERS & COMPANY, LIMITED, Woolwich, London, S.E.I8 wToVair200. 



THy HIGH STANDARD OF EFFICIENCYfq F 
PIREL ENERAL TELEPHONE CAB 	IS 
MAINTA 	BY THE 	NUOUS 
RESEARCH W 	 EXPERIENCED 
TECHNICAL STAFF. 

TELEPHONE 
SOUTHAMPTON 

2141 (5 LINES) IRELLI-UENE 
TELEGRAMS, 

"PIGEKAYBEL. 

SOUTHAMPTON" 

CABLE WORKS, Ltd., SOUTHAMPTON. 

Printed by SANDERS PHILLIPS & CO., LTD., The Baynard Press, Chryssell Road, London, S.W.9, and 
Published by BIRCH & WHITTINGTON (Prop. Dolling & Co. (Epsom], Ltd.), Epsoin, Surrey. 
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