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AN INVITATION

Membership of a professional Institution, in
common with any other really worthwhile
activity, involves certain obligations as well as
privileges. Apart from the privilege of status
within one’s chosen profession, membership
entitles one to receive the Journal, make use of
the Library and other information facilities, and
last, but not least, to attend meetings.

The principal object of the Institution is
expressed in its motto “Scientia Pro Hominibus™
—the advancement of science for the benefit of
mankind. This is particularly emphasized in
the detailed objects of the Institution *. . . to
facilitate the exchange of information and ideas
on radio science and engineering . . .” Every
member on his election undertakes to help
towards fulfilment of this object and one way
is, of course, to participate in local Section
meetings. Indeed, it might be said that
attendance at meetings is both a privilege and
an obligation incurred at the time of being
elected a member of the Institution.

In addition to the meetings held in London,
there are today no fewer than seven local
Sections holding regular meetings at centres
throughout the British Isles. Overseas, the
Sections in India, New Zealand, Pakistan and
South Africa cater for a large proportion of the
Institution’s membership. 1t is fair to say,
therefore, that the Institution provides an
opportunity for the majority of its members to
hear and discuss technical papers.

An examination of the Programme of Section
Meetings to be held in the British Isles during
the 1956-57 session shows that papers on an
extremely wide variety of technical subjects are
to be read. These range from Transistors and
Colour Television to Automation and Com-
puters. There will thus be few members who

cannot find at least one meeting in the pro-
gramme of their local section which will be of
professional value and interest to them.

The papers for reading at Local Section
meetings are mainly chosen for their wide
general interest, and with the object of
providing an opportunity for engineers to hear
about the achievements and problems in other
fields of radio and electronic engineering. It
cannot be emphasized too often that an
achievement in one field may lead to a solution
of a problem in another quite different field.
Thus the opportunities afforded for both
technical and informal discussions with other
engineers are invaluable.

Arrangements for these meetings are in the
hands of the Local Section Committees, assisted
where necessary by the Programme and Papers
Committee. Every member should recognize
the hard work put in by some fifty representa-
tive members who serve on these Local
Committees in obtaining speakers, considering
and selecting papers, and making all the other
arrangements needed for the smooth running of
meetings. Recognition of this work can best
be shown by support of the Local Section’s
meetings; it is a regrettable fact, however, that
these meetings do not receive the support
that they deserve. It is no comfort to learn
that similar apathy is experienced by other
professional and scientific bodies.

A programme booklet, a notice of meeting,
or even details published in the Journal really
form invitations to members to attend the
meetings of their Local Sections. Now that a
new session of meetings has started, every
member should try to give an affirmative answer
to the question, “Will you accept the invitation
to attend at least some of the meetings to be
held’this winter?”
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NOTICES

Admiral of the Fleet Earl Mountbatten of
Burma, K.G.

The President and Council of the Institution
have offered congratulations to Admiral the Earl
Mountbatten of Burma, K.G., P.C., G.CS..,
G.C.LE,, G.C.V.0.,, K.C.B, D.S.O., Vice-Patron
of the Institution, on his appointment as Admiral
of the Fleet.

Earl Mountbatten joined the Royal Navy in
1913, and has held a number of appointments in
the Signals Branch. He was elected a Member
of the Institution in 1935, and was subsequently
a member of the General Council and a Vice-
President. Admiral Mountbatten was elected the
9th President of the Institution in 1946.

Obituary
The Council of the Institution has learned with
regret of the death of the following member, and
has expressed sympathy with his relatives.

Archibald Montgomery Low (Member) died
at his home in London on 13th September, aged
sixty-eight years. Educated at St. Paul’s School,
Mr. Low was a graduate of the Imperial College
of Science and Technology. During the first
World War he served in the R.N.V.R., and
subsequently in the R.A.F., being concerned with
experimental work on radio controlled equip-
ment. From 1919 to 1922 he held an Honorary
Assistant Professorship of Physics at the Royal
Artillery College.

Mr. Low was well known for his writings
popularizing science, and for numerous inventions
and patents; he was a very active member of the
Institute of Patentees, and served as its President
for some years. Mr. Low did a considerable
amount of consultancy work, particularly in the
field of noise measurement and abatement.

He was closely associated with the forming of
the Radio Association in 1922. 1In 1933 he was
elected a Member of the Brit.I.R.E.

City and Guilds Insignia Awards

Three Insignia Awards were made by the City
and Guilds of London Institute for 1955 in the
group Electrical Industries, one of which was to
Harold Arthur Odell (Associate Member). Mr.
Odell, who is with the Iraq Petroleum Company
Limited, obtained his award for a thesis entitled
“Design and Development, Installation and
Operation of a Teleprinter System for Control of
Oil Movement in an Oilfield and Pipeline System.”
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City ‘and Guilds Examination Results

The City and Guilds of London Institute ha
recently published a summary of the results of if
examinations held during 1955. Once again, ther
was an increase in the number of entries, the totz
for all subjects being 103,251, or 8,149 more tha
in the previous year. In the subject of Telecom
munications Engineering, the total number o
candidates was 34,794, an increase of 2,313. It i
however of interest to note that the number o
Full Technological Certificates awarded was onl
69, two more than last year. The Certificate i
only granted after success in thirteen examinatios
papers and usually takes five years part-tim
study.

The great majority of candidates for the Tele
communications Engineering subjects entered fo;
the Intermediate Examination only; there was ¢
considerable reduction of entries for the highe
grades. For instance, there were only 230 entrant:
for Telecommunications Principles V in the Unitec
Kingdom, and 32 overseas.

The Institution offers its congratulations to twc
members of the Institution who obtained prizes
Mr. M. B. Oakes (Graduate) was awarded a prize
of £2 0s. 0d. for Telecommunications Principles
1V, and Mr. J. Flens (Graduate) a similar prize
for Radio IV.

Institute of Navigation Award

The Gold Medal of the Institute of Navigation
has been presented jointly to W. J. O’Brien and
H. F. Schwarz (Member), who originated and
developed the Decca Navigator System.

Mr. O’Brien was the author of the paper on
“Radio Navigational Aids,” describing the Decca
System, which was presented at the 1947 Radio
Convention and subsequently published in the
Britl.R.E. Journal for October 1947. The paper
was awarded the Heinrich Hertz Premium for
that year.

Correction

The following minor amendments should be
made to the paper “The Electric Field of a
Dielectric Heating Work Circuit,” published in
the August issue of the Journal : —Page 416,
Fig. 4: At the point marked D, “t—ra” should

read “t— +a”;, page 418, Fig. 6: Caption (b)
should read *“Upper plate V- V,"; page 418,
second column, line 8, should read *. . . Fig 6b,”
instead of . . . Fig. 5b,”.
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THE DEKATRON IN A DIGITAL DATA TRANSMISSION
SYSTEM *

by

G. Shand, B.Sc., B.Sc.(Eng.)t and C. Dean, B.Sc.(Eng.)

Read before the Merseyside Section of the Institution on 9th November, 1955.
In the Chair: Mr. R. A. Spears.

SUMMARY

In data transmission systems used to transmit numerical information over considerable
distances for control or indication purposes, the information is sent as a serial train of digits to

conserve bandwidth, each digit having two possible states.
the transmission of such information using the Dekatron tube in a number of roles.

The paper describes a system for
These

tubes enable the functioning of the timing system to be monitored so that faults may be quickly
and easily located by visual observations of the behaviour of the glow discharges.

1. Introduction

The term data transmission implies the
transmission of some kind of factual informa-
tion from one location to another and, generally,
the received information is reconstituted into its
original form to be used immediately for
control or indication purposes. Where the
distance is short, the information can usually
be transmitted over a number of wires and no
long distance communication problem arises.
Where the distance is great, a system is required
to enable, in many cases, a large amount of
information to be transmitted over a single pair
of wires or over a single radio link.

In order that the information shall retain its
original form with minimum error it is desirable
to employ a system in which the data is
represented in digital form, each digit having
only two possible states, a major advantage
being that the signals may be regenerated with
little chance of error provided that distortion
and noise are kept within reasonable limits.

Various devices for encoding numerical
information in digital form are well known.
For example, a shaft angle may be converted
to digital form by means of a coder in the form
of a multisegment stud switchi from which a

* Manuscript first received 20th February, 1956,
and in revised form on 15th May, 1956. (Paper No.
370.)

t Metropolitan-Vickers Electrical Co. Ltd., Trafford
Park, Manchester 17.

U.D.C. No. 621.387:621.398.

code of connections or potentials may be
obtained representing the position of the wipers
with respect to some zero datum position
according to a binary or modified binary scale.
Another device for converting a shaft angle to
digital form has been described by Barker§ in
which the code is photographically produced
on a circular glass plate attached to the shaft,
the code elements being read serially by radial
scanning.

Digital data, however, does not invariably
imply numerical information. For example, it
may be required to transmit for control
purposes the positions of a number of
independent switches each having, say, “off”
and “on” conditions represented by digital “0”
and “1” states. Here no question of digital
significance arises, each digit having identical
significance. In the case of the numerical
transducer or coder, however, digital signifi-
cances are allocated in accordance with some
scale of binary form.

In order to conserve bandwidth in the
transmission medium it is usual to transmit in
serial manner samples representing the states
of the individual digits existing in parallel at
the sending end, the train of signals being used
to modulate a voice frequency telegraph
sender (v.f.t.). The process for producing the

t E. A. Johnson, British Patent No. 653,909.
§ R. H. Barker, “A transducer for digital data

transmission systems,” Proc. Instn Elect. Engrs, 103B,
pp. 42-51, January 1956.
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modulating signal, known as “dynamicising,” is
carried out by a device known as a “dynami-
ciser.” The train of signals received by a voice
frequency telegraph receiver is sorted digit for
digit into a series of storage locations at the
receiving end thereby re-constituting in digital
form the original information in parallel. This
process, known as ‘‘staticising,” is carried out
by a device known as a ‘*‘staticiser.”

This paper describes the application of the
Dekatron tube to the dynamiciser and staticiser
elements in a transmission system of this type.

2. The Elements of the System

Elementary forms of dynamiciser and
staticiser can be visualized as consisting of two
identical stud switches one at each end of the
transmission link, the wiper arms being con-
nected together. The digital information
existing in parallel is applied to the contact
studs of the switch at the sending end in the
form, say, of one of two direct potentials
representing the “0” (space) and “1” (mark)
states respectively. By rotating the wiper of
the sending switch at a uniform speed, samples
of each of the digit potentials are extracted
from the wiper arm as a serial train, cach digit
being allocated a definite location in the train
of signals and being sampled for a definite
length of time. Each digit occupies what is
known as a “slot” in the train of signals and
the time taken to make one complete rotation
is known as the cycling time, the complete
cycle of information being known as a “frame.”

If now the switch at the receiving end is
rotated in time synchronism with that at the
sending end, the wipers previously having been
set on corresponding studs, each piece of
information, as sampled by the sending switch,
will be presented separately on the respective
studs of the receiving switch and may be stored
for one complete cycle when the state of the
store will be altered if the information has
changed.

These are the basic principles of the trans-
mission system and various subsidiary features
will now be discussed.

2.1. The Timing System

In order that the two switches shall run in
synchronism, it is necessary to drive them from
timing devices, say two oscillators, the
frequencies of which are either locked together
or are very close to one another. If they are
not locked, there will be a continuous drift of
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one switch with respect to the other so that in
time information will slip out of position and
be allocated to the wrong storage locations.

Assuming that the driving signals are locked
in frequency, it is necessary to phase one switch
wiper to the same position as the other when
starting, otherwise the information will be
stored in the wrong locations. Some character-
istic signal must, therefore, be sent down the
line to set the receiving switch to the correct
position on starting up. If the oscillators are
not locked in frequency, but the frequencies are
so close together that no detrimental drift can
occur during one cycle of the switch, and the
phase controlling signal is sent out at a fixed
position during each rotation, then the two
wipers may be kept running in sympathy by a
repeated resetting action.

2.2. The Synchronizing Signal

The synchronizing signal must be of such a
form that it can be distinguished from the
variable information and filtered out for
utilization.  Several possible synchronizing
signals may be suggested. One type is a mark
signal of double amplitude which may be
filtered by a simple clipping operation but this
form is wasteful of v.f.t. sender available power
and spurious line signals of high amplitude may
be accepted by the sync. filter and cause
incorrect resetting.

Another well known type of signal, the one
used in the present system, consists of a block
of space signals. In order that it may be
distinguished from the variable information, it
is necessary to divide up the frame into blocks
by the insertion of a number of permanent
mark digits. Since all the variable signals in
any block may be spaces. the synchronizing
block of spaces is made at least one slot longer
than any other block.

2.3. The Permanent Marks

The permanent marks serve another useful
purpose when an amplitude modulated (a.m.)
v.f.t. system is used. Since all the variable
information may be spaces when the v.fi.t.
sender is quiescent, the permanent marks
provide regular signals for operating the
automatic gain control circuits in the receiver.
In the case of frequency modulated (f.m.) v f.t.
systems, in which a tone signal is always
present, these signals serve no useful purpose
for a.g.c. and merely allow the synchronizing
signal to be distinguished.
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DATA TRANSMISSION SYSTEM
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iccidentally fed to an adjacent one. The effect
>t amplitude variations can be reduced by
umplifying a horizontal slice from the received
signals. The effect of boundary displacements
;an be avoided by allowing the stores to be
‘ed from narrow vertical slices from the received
signals, the timing of the samples occurring at
ipproximately the mid position of each digit.

2.5. Bandwidth, Digit Change Rate and Frame
Length
Several factors influence the design of a
transmission system of this type.

(a) The number of digits to be sent.

(b) The maximum rate of change of any one
digit.

(¢) The bandwidth limitations of the trans-
mission link.

A convenient rate for telegraph line circuits
is 50 digits per second, which requires a

bandwidth of 100 ¢/s and this, together with
item (b), determines the maximum frame length
in order that no information changes are lost.
For information that changes slowly, very long
frames can be used, but where large numbers
of rapidly changing digits are to be sent, short
frames generated in parallel may be required
associated with tone multiplexing in the
transmission link.

3. Features of a System using Dekatron Tubes

Figures 1 and 3 are the block diagrams
of the sending and receiving equipments
respectively which in conjunction with the
waveforms diagram (Fig. 2), enable an overall
picture of the system to be obtained. Individual
circuits are shown in Figs. 4, 5, 6, 7 and 8 to
which references are made in the relevant
portions of the text.
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(staticiser).

3.1. The Dekatron

The Dekatron was first described in a paper
sy Pollard and Bacon in 1950." Since then its
1se has become widespread in counting and
iwitching applications. The inherent rugged
simplicity and self-monitoring properties pro-
7ide high reliability and the rapid and easy
ocation of faults.

One important feature of the tube is exploited
n the Dynamiciser. Being a gas-filled tube it
:xhibits an almost constant potential difference
>etween the anode and any cathode. It can
‘hus act as a sampling switch. Direct potentials
:epresenting the digit states are applied to the

* R. C. Bacon, J. R. Pollard, “The Dekatron,”
Slectronic Engineering, 22, pp. 173-177, May 1950.
t Prov. Pat. No. 34162/53.

1
1 -
STORE DRIVING VALVES | | STORE DRIVING VALVES
9XI2AT 7 8XI2AT7
v v

RELAY STORES 19-27 RELAY STORES 28-35

+ 35 INDICATION LINES

vy VvV vy

respective cathodes of a set of tubes, the
discharges being stepped around the sets of
cathodes in sequence by driving signals derived
from a timing system.t

3.2. The Frame of Information

Choosing a basic slot width of 20 milli-
seconds, a frame consisting of 50 slots carrying
digital information can be arranged as follows:

3 blocks each containing 9 work digits
and a permanent mark

+ 1 block containing 8 work digits and a
permanent mark

+ 10 synchronizing space digits and a
permanent mark.

It will be seen that if all the work digits
(variable information) are spaces, the syn-
chronizing signal contains one space more than
any one of the work blocks.
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A complete frame is sent in one second
and no digit may vary more often than this,
otherwise information will be lost. Of the
50 slots, 35 carry variable digital information
for utilization in the storage system.

The blocks are arranged in this fashion to
suit the divided sampling switch employing the
ten-cathode Dekatron. An alternative frame
arrangement is possible making available the
same number of work digits as follows:

8 blocks each of 4 work digits and a
permanent mark

+ I block of 3 work digits and a per-
manent mark

+ 5 synchronizing
manent mark.

This frame arrangement requires the use of
an additional Dekatron in the dynamiciser
switch and employs more components but is
advantageous when using an a.m. v.f.t. system
because of the increased number of permanent
marks available for a.g.c. purposes.

3.3. The Dynamiciser (Fig. 4)

Four Dekatrons B, C, D and E form the digit
sampling switch. Direct potentials representing
the digit states are applied to cathodes K1 to
K9 of the tubes, B, C and D and to cathodes
K1 to K8 of tube E. Earth potential defines a
space or “0” digit and - 25 volts with respect

spaces and a per-

to earth defines a mark or “1” digit. Cathodes
K10 of each tube are connected together.

In order that each Dekatron shall contribute
its quota of signals at the correct time, four
blocks each consisting of ten pulses drive the
discharges of the four tubes in sequence so that
each makes a scanning cycle and then rests.
Cathode K10 in each case is the “rest” cathode
and, in order that a scanning cycle will always
start from a rest cathode, resetting pulses are
applied to cathodes K10 five times per frame
when all tubes are resting together. This occurs
at the time when the permanent marks are being
inserted in the frame, the cathodes K10 being
tied to the mark defining potential, but the
permanent mark generated after tube E has
cycled is over-ridden by the first space of the
synchronizing pulse and the permanent mark
inserted at K9 of tube E takes its place.

The anodes of the tubes are connected
through ballast resistors to the grids of mixing
triodes VI and V2. These share a common
anode load resistor and the cathodes are con-
nected together and taken to a stabilized
potential source produced by the series
stabilizing stage V3b, the d.c. amplifying stage
V4 and the reference neon V5. This potential
is adjusted by the potentiometer control to hold
the grid bases of the mixing triodes at the mean
potential of the Dekatron anode excursions.

DEK B vi DEK C ] DEK. D V2 DEK E ,_(a) V3 (b) V: VS— - V6_ 600y
! ' % E :
I T I ?% -y —y- -——— 04300V
—— 1 + — T T— N - $ L
€ ]
- Sar-SIT
‘;i - lé% 1L i 4 :%{ ' Ll g i 7 H"!’ 4
€0 N0 B | 1 ARalr
|%7 ; ; Y b3 ] é* | L l ' é—&.-
¥ 1 | é- -l Zi . ~&I : b 4 l : T— % [ —‘} OVET MOD
| ‘ | T * : * ; A.’ 1 ‘ ( T l [ |
sl L L T 1T
e [soc | : I % ] I 11
B e | L] | |
fL:: : | 2 | '
[ |
I i . L—O-aoov

Fig. 4—Circuit of the dynamiciser.
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The anode to cathode gas gap potential is
approximately 185 volts. When the discharge
invests a cathode tied to a space defining
potential, the potential of the anode is +185
volts, and when it invests a cathode tied to a
mark defining potential, the potential of the
anode is -+ 160 volts. The random variations
of gas gap potential are around +5 volts from
1 cathode to cathode and from tube to tube and
these are adequately swamped by the 25 volts
{ swing produced by the digit defining potentials.
A “mark” potential always cuts off a mixing
triode and a “space” potential drives it into grid
current.

The positive-going synchronizing signal of
duration 200 milliseconds is applied to the grid
of mixing stage V3a.

Across the anode load resistor of the mixing
stages appears the serial train of signals
consisting of the samples of all the digits, the
permanent marks and the synchronizing signal,
and this is reduced in level and clipped in
amplitude to produce from the cathode follower
stage V6 an output at low impedance, varying
between --12-S volts representing marks and

- 12-5 volts representing spaces. This is the
modulating signal for the v.f.t. sender.

3.4. The Oscillator and Timer (Figs. 5 and 6)
The various driving and resetting signals and
the synchronizing signal are generated in this
part of the equipment. The crystal controlled
oscillator stage VI, having an amplitude-
limiting bias feedback rectifier V2, produces a
sine wave of 1000 c/s. This is squared in stage
V3 and is frequency divided to 500 c/s in the
counter stage V4. The output from V4 is
! differentiated, the positive-going differential
pulses being shaped in V5 to provide pulses of
approximately 100 microseconds width for
driving Dekatron 1. The output from cathode
K10 of this Dekatron, consisting of positive
pulses of width approximately 2 milliseconds
and recurrence frequency 50 c/s, is applied to
the grid of the cathode follower stage V6. the
output of which is differentiated. The positive-
going differential pulses are used to trigger the
flip-flop stage V7 which produces positive-going
pulses of width 100 microseconds. This signal
+ T3 . is the master “clock signal.” A similar signal
@" e known as the “interlaced clock signal,” because
1 ER— the pulses are interlaced in time with respect to
T e those of the clock signal, is produced from
4 w1 cathode K4 of Dekatron I, the pulse width
being maintained at 2 milliseconds.

+ 300V
+ 600V
CLOCK SIGNAL

O SIGNAL

oNTERLACED

———————0 TIMING
é
— e— 5300V

Circuit diagram of the oscillator.

—

Fig. 5.-

539



JOURNAL OF THE BRITISH

INSTITUTION OF RADIO ENGINEERS

o BLOCK RESET V9 VIO, i 2w via __ DEX3 - vis
o %- —
R W) — - _ - —ote0V
r v % ———r¢ e > -9 —9- Ty #3000 v
3 5 2
3 | 3 as 2
f >> 13 3 T s 3
- M l g 9-Hre-9
cx 1 ) | | >
VE . - tre-fhe—vv— Mo e g 2 o oex R
g ' | L f o TRANG GATE
| ] L 13 - 4+ 3 i - 8 1 4 [ =4 WTERLACED
4 WA-g 2 . " 5 I Iy Y CLock sienaL
C- ! — - pasasi) =%
: A T L 1 dminl S|
. 3 ] 3 £33 2
+ | : >
< T TR S 1
- - Y S -300V

TO STASES 2384 =

= ‘o

Fig. 6.—Circuit diagram of the timer.

The clock signal is applied to stage V8 to
drive Dekatron 2 and the output from cathode
K10 of this tube, known as the “timing gate,”
is of width 20 milliseconds and recurrence
frequency 5 c¢/s. It will be appreciated that
every tenth interlaced clock pulse will always
occur within the timing gate period. V15 is a
stage using a valve having a short suppressor
grid base characteristic. The interlaced clock
signal is applied to the control grid and the
timing gate signal is applied to the suppressor
grid. In the absence of both signals the electron
stream is cut off from the anode by virtue of
the standing negative bias applied to each but
during the timing gate a negative pulse is
produced at the anode coincident with every
tenth pulse in the interlaced clock signal. This
signal, known as the “block reset” signal, is
applied to the rest cathodes K10 of the
Dekatrons B to E inclusive in the dynamiciser:

This same signal is also used to drive the
block defining Dekatron 3. Since cathodes K1
and K6, K2 and K7 and so on are strapped in
pairs, one cycle of this Dekatron will define the
basic block periods for two complete frames.
The outputs from the cathode circuits, each
200 milliseconds long, are timed from the inter-
laced clock signals and four of these signals are
applied to the respective suppressor grids of
four identical gating stages of which V9 is
representative. The clock signal is applied to
the control grids of the four stages in parallel.
These stages behave in similar manner to the
action of stage V15 described above. From the
respective anodes of these stages, four successive
blocks each of ten pulses coincident with the
clock signal pulses are produced and these are
applied respectively as driving pulses to the
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Dekatrons B to E inclusive in the dynamiciser.
To define the synchronizing signal a pulse
equal in tength to ten slots (200 milliseconds) is
required and this must commence when the
discharge in Dekatron E arrives back on the
rest cathode K10 and end when Dekatron B
receives its first drive pulse. This signal is
generated in the Eccles-Jordan stage V12 which
is controlled by two pulses. One of these pulses
is generated at the anode of stage V11 by gating
the differentiated leading edge of the pulse from
the cathode K10 of Dekatron 2 with the pulse
from the cathodes K5/10 of Dekatron 3. The
other is produced at the anode of stage V13 by
gating the same differentiated edge with the
pulse from the cathodes K1/6 of Dekatron 3.
The first signal triggers the Eccles-Jordan stage
and the second returns it to its original state.
The waveform at the anode of V12a is applied
to the mixer stage V3a in the dynamiciser.
Since it will be seen later that resetting occurs
only once per frame, the frequency difference
between the two oscillators must be of a low
order to keep relative drift during a frame
period within reasonable limits. A tolerance of
+0-01 per cent. in frequency is adequate.

3.5. The Receiver Oscillator and Timer

The oscillator and timer at the receiver are
basically similar to that at the sender. One
difference is that no synchronizing signal is
required and resetting facilities are provided at
cathode K9 of Dekatron 1, cathode K9 of
Dekatron 2 and cathodes K5/10 of Dekatron 3.
Resetting of these tubes occurs once per frame
by the leading edge of the permanent mark
following the synchronizing signal.

At the receiver, the four blocks each of ten
clock pulses are used to drive the four store
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defining Dekatrons whose discharges cycle
round the cathodes in sympathy with those in
the dynamiciser. The block reset signals are
used to reset the discharges in the four store
defining Dekatrons as in the dynamiciser.

+600V
+300¥

VF T SIGNAL |
L FRAME RESET.

b
| 7
-
e
——o-300V

v9

3.6. Slicer and Sync. Separator (Fig. T)

The incoming signal from the v.f.t. receiver,
of amplitude +12-5 volts with respect to earth,
is applied to the Schmitt slicer stage V5. This
stage squares the signal by rapidly changing its
state as the drive passes through earth potential
: and, in effect, produces an amplified version of
€y a thin horizontal slice of the incoming signal.
' ) In-phase and antiphase versions of this signal
appear at the anodes V5a and V5b respectively.
These are applied to the suppressor grids of
two gating stages V3 and V4 which operate in
a manner similar to the gating stages previously
described. To the control grids in parallel are
applied the interlaced clock pulses of length
2 milliseconds from cathode K4 of Dekatron 1.
These pulses, occurring near the mid-position
of each incoming digit, act as sampling pulses
and produce a negative-going pulse at the anode
of V4 only each time a mark signal is received
and a similar pulse at the anode of V3 only each
time a space signal is received. These sampled
mark and space signals are reduced in level and
clipped to provide negative-going pulses from
the cathode follower stages V1 and V2. These
outputs are known as the mark and space lines
respectively. The pulses extend from a standing
level of +75 volts with respect to earth to a
level of +25 volts with respect to earth.

Similar mark and space line signals are
generated by stages V7 and V8 but here the
sampling pulse width has been reduced to about
: , 100 microseconds. The output from V8 is used

—yvem A to drive the 12-cathode Dekatron 1 and the

2 | output from V7 is used as a reset signal applied
i @ to cathode K12. Dekatron 1, therefore, counts
spaces and is reset by marks. On receipt of the
) tenth space digit sample near to the end of the
i ...@f —t synchronizing signal the discharge invests

¥

-3

¥

-+ |

DEK |

”-
=
-o.

=
J
Fig. 7—Circuit diagram of the slicer and sync. separator.

va
3
°-

S cathode K10 and remains thereon until the
following permanent mark sample causes
resetting to cathode K12.

When the receiver is first switched on, the
phase of the incoming signal with respect to the
locally generated interlaced - clock signal is
unknown and will remain so until the first
synchronizing pulse is produced. Should the

* Prov. Pat. No. 2199/54.
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interlaced  clock  pulses
coincide with the transitions
in the incoming waveform
the Dekatron 1 will not ., ...
receive 10 space pulses )P
during the synchronizing -
signal and this condition r
may persist for some time Bt
duc to the slow relative
drift of the oscillators. To

— ) L — +600V
v — - +300%

minimize this possibility,
the mark and space signals
feeding Dekatron 1 are
made as narrow as possible.

The positive-going  dif-
ferentiated edges of the
sliced incoming signal occurring on each space
to mark transition are applied to the control
grid of a gating stage V9, the output from the
cathode K10 of Dekatron 1 being applied to the
suppressor grid. A negative-going pulse appears
at the anode of V9 only during the transition at
the leading edge of the permanent mark follow-
ing the synchronizing signal and is used to reset
the Dekatrons 1, 2 and 3 in the oscillator and
timer,

It will be observed that resetting does not
take place to cathode K10 of Dekatrons | and 2
in the oscillator and timer since forward drive
pulses are obtained from these cathodes and the
reset would interfere with this action. There is
therefore a maximum lag of 2 milliseconds in
the timing at the receiver behind that at the
sender, but this is relatively unimportant since
the sampling pulses are appropriately timed with
respect to the reset position.

3.7. The Storage Svstem (Fig. 8)

The four Dekatrons. driven and reset by the
blocks of clock pulses and the block reset pulses
respectively from the oscillator and timer, define
the 35 storage locations. Two representative
store drive circuits are shown at V10 and V11.
The store itself is a miniature. bi-stable,
magnetically locked relay of the rocking
armature type fitted with two coils, one in each
anode circuit of the driving stage. A pulse of
7 milliamperes (min.) to 15 milliamperes (max.)
and 2 milliseconds width through either coil is
capable of driving the relay which has a transit
time of the order of the driving pulse width.

The control grids of each half of the double
triode driver stage are connected in parallel to
a Dckatron cathode load resistor and when the
driver stage is connected to the mark line from
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Fig. 8.—Circuit of the stores.

the slicer and synchronizing separator while the
cathode of the other half of each driver stage
is connected to the space line.

The cathode of one half of each double triode
discharge invests that cathode the potential at
the control grids is raised from earth to +25 V.

In the absence of a store-defining signal from
a Dekatron to the control grids, any store driver
stage remains biased beyond cut-off since there
remains 25 volts of bias at the peaks of the
negative going mark or space line pulses.

In the presence of a store-defining signal, a
pulse of current of the order shown is drawn
through the appropriate coil of the store relay
connected to this driver stage and sets the
armature of the relay to the appropriate position
which is maintained until the same period in
the next frame when the position is confirmed
by a similar pulse or reversed by a pulse through
the other coil from the second half of the driver,

4. Power Supplies

Unstabilized supplies are adequate, the only
critical voltage required being that applied to
the cathodes of the mixing stages in the
dynamiciser which is separately stabilized.

5. Component Tolerances

Component tolerances are not critical and
practically all stages will operate satisfactorily
when the valve emissions have dropped to as
low as 30 per cent. of normal.
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S.B.A.C. EXHIBITION 1956

Although essentially an exhibition for manu-
facturers of aircraft and aircraft components,
the Society of British Aircraft Construction
Exhibition has each year included more and
more radio and radar equipment. This year
it included many applications of electronics
to production techniques, much of which
was by no means exclusive to the aircraft
manufacturing industry. Two examples of
electronically controlled template manufactur-
ing machine tools were included. The first
used a special digital computer to enable the
template to be prepared directly from dimen-
sional information, thus eliminating the hand
work at present necessary using conventional
techniques. The second example used similar
dimensional information but had analogue
interpolation circuits to devise the contour
using a minimum of data points.

Radar.—As one would expect, radar and
navigational aids form a very large part of the
radio equipment on show at the exhibition and
the exhibition site is particularly useful for
full-scale demonstration of large equipments.
There was a comprehensive display of fixed
and mobile installations, airfield approach
radar, medium range surveillance radar, equip-
ment providing moving target indication, and
airborne equipment. An interesting develop-
ment was the demonstration of a combined
precision approach and medium-range surveil-
lance radar. There were two examples of radar
simulators designed to train controllers for
ground control  interception without the
necessity for flying actual aircraft.

The most notable development in the radar
field was the use of a microwave link for the
transmission of radar information from the
radar site to an operations room many miles
away. The system demonstrated transmitted
radar information as well as a television picture
from London Airport to Farnborough (a
distance of 20 miles) using one repeater. It is
of interest that the repeater made use of
travelling-wave tubes. The signal, which was
frequency modulated, was transmitted in the
40 Mc/s band and occupied a band width of
8 Mc/s. This development will enable radar
information from a number of remotely sited
radar heads to be routed to one operations
centre.

Communications.— The tendency in the
communications field was for the greater use
of the v.h.f. and u.h.f. bands and with it the
remote manual control of frequency selection.
There were a few new receivers and one of the
features which all manufacturers stress is the
very accurate re-setting facility achieved. A
complementary trend is towards operation by
the pilot of all communications equipment, thus
removing the need for long periods of watch-
keeping. A new selective calling attachment
has been developed to unmute the pilot’s
receiver when a message for him is being sent.

The use of airborne teleprinters has been
experimentally tried by the British Overseas
Airways Corporation and the equipment was
shown at the exhibition. It operates on
frequencies between 90 and 100 kc/s and has
been very successful on trans-Atlantic air routes
for passing routine flight information.

Guided Weapons.—For the first time guided
weapons were on show to the public at the
exhibition. The Fairey Fireflash was the
main weapon exhibited although others were
on view, as was a complete guided weapons
system. The use of printed circuitry and potted
assemblies which form the basis of the
electronic equipment carried in these guided
weapons was demonstrated by a number of
radio manufacturers.  Undoubtedly guided
weapons will figure very prominently in future
exhibitions as will the equipment associated
with their guidance and testing.

Test Equipment.—Equipment for develop-
ment testing formed a very large part of the
accessories exhibition; strain gauges, accelero-
meters, vibration generators with their asso-
ciated recorders were on show, as was a new
universal servo-test set and an electronic
tachometer. This instrument has an accuracy
better than 0-005 per cent. at 20,000 r.p.m.

Vibration testing figured in a number of
manufacturers” exhibits applications ranging
from small valves to vibration testing of a
complete guided missile. An interesting appli-
cation on this latter test was the use of a
high power stroboscope for illuminating
several areas simultaneously. Vibration and
other data were recorded over telemeter links.
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THE IMPORTANCE OF VISUAL AIDS IN THE TEACHING
OF ADVANCED RADIO AND ELECTRONIC ENGINEERING *

A Discussion Meeting held in London on 6th April, 1956.

In the Chair: Mr. G. A. Taylor (Member)

SUMMARY

The advantages of various visual aids are

described and demonstrated : written notes, the

use of the blackboard and wall charts, lantern slides and film strips, films and demonstration
equipment. A list of 56 films and 15 film strips available in Great Britain is appended, covering
nearly all aspects of radio and electronic engineering and industrial applications. Information is
given on their content and length, and on the sources from which they may be obtained.

The Discussion was opened by Mr. R. H. Garner, B.Sc.(Eng.) (Associate Member)t

Those concerned with teaching in one form
or another, whether it be practical subjects for
City and Guilds Certificates, or for the Higher
National Certificate, or even an external en-
gineering degree, are all immensely concerned
with the greatly expanding syllabuses with
which they are confronted. It does not matter
which subject is taught: more material is going
into the syllabuses, more material has to be
remembered and reproduced by the students
and it is incumbent upon all teachers to try to
help students to assimilate these facts, which
are required for two purposes—to enable them
pass examinations, and, even more impor-
tant, to make them useful members of the
radio and electronics profession.

How can this information be got over to the
students? The human being can accept in-
formation in two ways as is shown in Fig. 1.
The first way, which has been practised for a
very long time, is from a lecturer or instructor
speaking to an audience. A lecturer may be
able to cover all aspects of the subject, but
the great expansion of syllabuses makes this
almost impossible, and all the lecturer can
really do is to point the way; as an alternative,
a number of lecturers may be employed to
cover different aspects of a given syllabus.
The lecturer makes use of the spoken word
and the instrument through which this reaches
the brain is the ear; a message may thus be

* Discussion Meeting No. 12.
t Principal, Coatbridge Technical College, Lanarks.
U.D.C. No. 371.3:621.37/9.
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sent to the brain which influences the memory,
and after some delay, which may be deter-
mined, this message is made to influence the
motor area. The motor area in its turn
will enable an examination to be written, or
the operation of radio equipment, or whatever
is required. to be performed.

The lecturer may also make use of the eye
to assist him in conveying the ever-increasing
amount of information by the use of pictorial
illustrations. It may be possible eventually
to use other senses of the body, such as the
sense of touch, which is already used by the
blind student to read braille.

Where information is to be assimilated by
the ear, a number of aural aids may be em-
ployed. The recording of lectures on a tape
recorder, whether for record purposes or for
adding extra material or to provide lecture
notes for film strips, is an example. The
sound track of a film is an essential part of
it. and provides a combination of the aural
with the visual aid.

To return to visual aids, there are several
methods of getting information to the brain
through the eye. Firstly, there is the written
word such as through lecture notes. These
may be dictated, handed out, or compiled by
the students themselves and the method used
depends on the type of audience and other
factors. But notes are generally of great value.

Associated with written notes is blackboard
work; the use of chalk and a blackboard is
inconvenient, and there have been a few de-
velopments to make it easier or cleaner. One
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Fig. 1.—The relationship of visual and anral aids to teaching.

departure, which has been tried in some larger
institutions, is the use of the “Belshazzar”
screen, on to which is projected the magnified
image of matter written on a small stage on
the lecture bench. This is, however, an ex-
pensive method, and is not yet in wide use.
Another application of the visual aid which
must be mentioned is the wall chart, which
has the advantage that it can be permanently
displayed and not just put up for each lecture.
Students are able to look at wall charts while
waiting for the next lecture; involuntary assimi-
lation of this type is very valuable, and should
be encouraged by the production of more and
better wall charts. Although colleges could
prepare charts for their own uses it would

be a great improvement if aids of this sort
could be pooled. Then there is the “flannel
graph,” where outlines of components, etc.,
are cut out of cloth and can be easily placed
in position on a cloth-covered board; circuits
may be built up with this device very simply,
by placing the component parts on the board,
where they will stay without further fixing.
Films of several types are available to assist
the lecturer, and the type used will depend
upon whether the concept to be displayed is
moving or static. The lantern slide is used
to great advantage in much technical lecturing,
and many colleges have built up valuable
collections of slides which may be shown
repeatedly, and added to if necessary.
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Although the usual size for lantern slides
is 3)in. x 3jin., or 4lin. x 3lin. on the
continent, a useful recent development has
been the 2in. x 2in. slide. This may be dis-
played over the same projector as the film
strip, with a consequent saving in space and
equipment. The 2in. x 2in. slide gives a very
clear image. and lends itself easily to back
projection. so that extra staft for demonstrating
are¢ unnecessary.

The epidiascope is used where it is desired
to project pictures without the need to make
slides. The brilliancy of the image is not very
high. however, and the size of the picture is
limited. Also, the epidiascope contains an
expensive lamp, which may not survive being
moved about from one lecture theatre to an-
other. as it would have to be in the average
technical college.

The most valuable contribution io visual
aids during recent years is the film strip,
which has the advantages of the lantern slide
without its cumbersome size. A lecture of
thirty or more slides can be put on a film
strip and conveniently carried in the waist-
coat pocket. A great deal of information can
be condensed on to a film strip at no great
cost by simply compiling the photographs
and other details and putting them in the
hands of a commercial photographer who will
supply a first copy at a cost of about £I
(depending on the number of frames). The
strip can be duplicated cheaply, and can,
moreover. be modified from time to time and
kept up to date.

Two examples may be taken as being typical
of the film strips which may be used.
[These were shown at the meeting.]

First there are the professionally made strips
devised by industrial firms which are accom-
panicd by lecture notes. Professionally made
strips arc very valuable where the subject
matter can be easily fitted into the course.
More often in advanced work such strips are
not available and as a second example there
is the home-made strip made by a lecturer.

[This strip dealt with pulse techniques.]

These can be very simple and effective and
avoid tedious blackboard work in which wave-
forms. for example, can be misleading unless
accurately drawn.
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Film strips also have the advantage that
they can be used again and again and can
be referred to at the end of the lecture. The
film strip is however unsatisfactory for the
continuous depiction of information and the
moving picture or film is essential in putting
over advanced techniques and particularly
abstract ideas.

It is fortunate that other bodies who can
afford to make films for their own use are
interested in radio engineering; 1 refer mainly
to the Services and a particularly good ex-
ample is an advanced technical film which
will be described later by Mr. N. Davis, who
was technical adviser to the film company.

The only problem is the supply of suitable
films. For the really advanced work very
few films exist but the total number available
is steadily increasing and in order to help all
educationalists, the Institution is to take on
the task of disseminating information on this
subject. (A preliminary list of films appears
as an appendix to this report.)

Film is also used in the form of a closed
cyclic loop which repeats a particular opera-
tion over and over again. An example is
gencration of e.m.f. by the cutting of lines of
force. This can be repeated until it is fully
understood.  Although a useful device for
many purposes the loop has the disadvantage
that it is rather difficult to store and handle.

Display of information on a cathode ray
tube is a recent addition to visual aids which
can be used to show the action of a circuit
by illustrating a waveform. It may also be
used as a display for closed circuit television
which, although expensive. will no doubt be
increasingly adopted, particularly where it pre-
sents useful advantages over other methods.
Examples arc the testing of jet engines where
noise prevents live presentation and atomic
work where radiation is a serious hazard.

Experimental lecture room demonstrations
not only provide convincing evidence in sup-
port of particular points, but also help to
replace laboratory experimental work on
phases of the syllabus where time does not
permit experiments to be performed.

A piece of demonstration equipment which
merits a special mention is the classroom
demonstration panel built by the Philco Train-
ing Division.
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DISCUSSION

Norman Davis (Associate Member)*: The
subject of waveguides is a particularly
difficult one for the pupil to understand
because it deals with something abstract and
intangible and film is an ideal way of providing
the class with the same mental picture.

The R.AF. film “Waveguides” does two
things, it gives this visual concept of the
patterns of magnetic lines of force and electric
lines of force and their resultant, and it
“stretches” time and shows the movement of
these patterns under various conditions. The
film has a colour convention which in a subject
such as this has very many advantages. It must
be realized that a film of this type cannot stand
entirely on its own—it must follow careful
instruction. It is never shown in its entirety
which consists of five parts lasting for a total
of 1} hours.

[Two parts of this film were shown during
the meecting.]

P. A. Charman:t The classroom demonstra-
tion equipment is based on the idea of build-
ing up a complete radio receiver or transmitter
using panels to represent each stage; on the
circuit diagram of each stage the actual com-
ponent appears over its symbol. The result is
that, from the study of the circuit diagram,
definite results can be obtained since work in
the laboratory can be continued where work
in the classroom finishes. Thus the link be-
tween the classroom demonstrations and the
laboratory experiment is maintained.

This equipment is intended mainly for the
technician rather than the engineer, although
the engineer can undoubtedly gain practical
experience with it.

R. S. Roberts (Member)t: The most im-
portant visual aid is still the lecturer’s black-
board but the next most important group is
undoubtedly the film, film strip and film loops.
There is certainly a need for some central
register of such films so that all lecturers can
find whether or not the films required are
readily and cheaply available.

* Civilian Instructor, Royal Air Force.
t Philco Training Division.
t Northern Polytechnic.

The film has its most important application
at the commencement of the student’s training
when we are trying to implant fundamental
new ideas. It is also important when we
come to really complicated subjects such as the
waveguide. The emphasis should therefore
be on these two types of film rather than a
large number of general interest films which
do not serve any real purpose other than the
entertainment of the audience.

I was particularly pleased when Mr. Garner
mentioned closed circuit television. There is
a great future for closed circuit television in
the technical colleges particularly where pro-
cesses are involved which are of the type
that cannot be described in the lecture room.
1 have had some experience with a system
using display monitors in the lecture room
with an intercommunication system to enable
lecturers to draw attention to some particular
process being carried out. It is a very valuable
aid but a very expensive one at the moment.

B. R. Webster (Associate Member)§: 1 am
particularly concerned with the teaching of the
more advanced student and I think it is re-
grettable that the majority of the Higher
National and post-Higher National students
are forced to pursue their studies after work-
ing hours and arrive at the colleges in a some-
what tired state. At the same time the
lecturers concerned are probably somewhat
fatigued from the day’s work and all this
makes it particularly necessary that evening
work should be clear and vital.

1 find the film strip to be particularly useful
in two respects. First of all, it enables the
lecturer to have ready something he has been
able to give time to, particularly in the ques-
tion of layout and drawing. Secondly there
is the valuable facility of being able to refer
back whenever necessary.

Major R. B. Brenchley (Associate Member)t:
In the Services we have always had tremendous
difficulty in obtaining material for students.
Visual instruction is essential because it
economizes in instructional time and gets ideas
over quickly and more reliably.

§ Hendon Technical Collegz.
 War Office.
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I am pleased to learn that the Institution
will maintain an index of this type of infor-
mation.

On the question of notes there is the point
as to whether notes should be written by the
student, or prepared and distributed after-
wards. My own experience is that if students
do try and write their notes they occupy far
too much effort in doing so and do not follow
a closely reasoned argument. All they can
do afterwards is to rcad their notes at leisure
when they may have missed the main point.
On the other hand, if a student is free to
concentrate on the work in hand, his memory
of the instruction can be aided by properly
thought-out notes which are distributed after-
wards. Any worthwhile lecture must keep
the attention of the students on its merits and
not by the use of note-writing.

Instructor Lt.-Com. Waddell*: In the train-
ing of maintenance technicians in the Services
it is necessary at all stages in training to use,

both in demonstration and in laboratory work,
chassis and designs which lean towards the
practical equipment which the student will
have to use. In other words, the equipment
must have the minimum of terminals and use
the form of construction common in the equip-
ment to be serviced.

G. A. Taylor (Member)t: I have been
associated with the production of film strips
for instruction up to third year National Cer-
tificate courses and 1 would like to refer to
the point made by Mr. Garner on lecture notes
being provided by the manufacturer of
the film strip. These are provided to
give guidance to the lecturer particularly
on matters of fact as presented in the film
strip and they are not intended to take the
place of the instructor or his lecture notes. A
good lecturer will undoubtedly produce his
own lecture notes for the film strip based on
those provided. In the case of a poor in-
structor, these notes might well form the full
basis of his work.

* H.M.S. Collingwood.

t Mullard Ltd.

APPENDIX

Instructional Films on Radio and Electronic Engineering

The following lists give a selection of films and film strips suitable for visual instruction.
The reference letters after each title are a guide to the names of the distributors given at the
end of the appendix, e.g. BEDA (British Electrical Development Association).

All films are 16mm, with sound unless otherwise stated.

Further information, including

arrangements for loans, may only be obtained from the distributors, whose addresses are also

quoted at the end of the appendix.

Basic Radio

“Putting Free Electrons to Work.” BEDA
No. 15. 9 minutes.
Introduction to diode and triode and light

sensitive cells.

“The Electron.”

minutes.
Nature of electrons, types of electron flow,
electromotive force. -

“The Cathode Ray Tube.” BTH/CFL, 1195.

33 minutes.
Principles of operation of C.R.T. and description
of its application to radar.

“The Cthhode Ray Oscillograph.” GB. 25

minutes.
Details of construction, function of component
parts and principles of operation are described.
Applications to ionospheric work are discussed.

548

CFL V1058 or USIS. 16

“Principles of Gasfilled Tubes.” USIS. 15

minutes.
Explains by animation the theory of ionization
applied to gas-filled tubes; control of current in
circuits employing gas-filled tubes.

“The Diode.” USIS. 17 minutes.
Basic features of the diode tube; control of
electron flow in the tube; photo-electric cells;
X-ray tubes; the diode as a rectifier.

“The Triode.” USIS. 13 minutes.
Explains the triode amplifier circuit, amplifica-
tion of steady and alternating voltages, distortion
and amplification of audio frequency signals.

“The Principle of the Klystron.” Dance Kauf-

mann/EFVA. 551 K13 Loop film.
Diagrammatic representation of the movement
of a stream of electrons which arrive in a
random distribution at the velocity modulating
zone.

October 1956



DISCUSSION ON “VISUAL AIDS”

‘Secret Writing of the Electron.” Philips/Sound
Services, A434. 22 minutes.
A brief outline of the use of cathode ray
oscillographs and how waveforms are produced.
“Centimetric Oscillators,” Parts 1, 2 and 3
‘Colour). Admiralty, A454. 10, 14, 15 minutes.

Shows the limitation of conventional oscillators,

Communication

“Beam Telephony.” Admiralty, A235. 40

minutes.

Use of v.h.f. as telephony link between U.K.
and Continent during last war.

“Ultra Sons.” Institut Francais (Commentary

in French). 11 minutes.

Short scientific description of radar, and its uses
aboard ships.

“ Precision Echo Sounding,” K-H, 20 minutes.
Describes the principles and applications of
modern ultrasonic echo sounding for ships.

“ Marine Radar,” X-H, 22 minutes.

The principles and applications of modern marine

describes the klystron and the magnetron.

“Waveguides,” Parts 1, 2, 3, 4 and 5. Air

Ministry. 20 minutes each part. (Colour.)
Includes animated diagrams to present the
movement of the electric and magnetic fields in
the various modes in waveguides.

and Radar

radar are described, and the planning of the

layout and instructions to users are dealt with.
“Radar Record.” M-VE. 10 minutes.

Ciné record of an actual marine display during

a voyage from Manchester to Greenock,
“Radar Goes to Sea.” M-VE. 28 minutes

Marine radar applications.

“Radar Weather,” Part 1. RRE, T.F37. 15
minutes.

Theoretical causes and effects of super-refraction.
“Radar Weather,” Part 2. RRE, T.F.39. 15

minutes.
Meteorological aspects of super-refraction.

Industrial Electronics

“Automatic Computing with the EDSAC.”
Cambridge. 7 minutes. (Silent.)
A descriptive account of the principles of
operation.
“Twentieth-Century Touch.”
Services, A467. 40 minutes.
Application of Hollerith punched card system in
Hec general purpose digital computer.
“Figures at Work.” BTM/Sound Services,
A398. 40 minutes.

Punched card systems and their application to
stock production control.

“The Ferranti Pegasus Computer.”
10 minutes.
Deals with programming, teleprinter tape, high-
speed reader, console, prefabricated package
construction, fast storage unit, magnetic drum
storage unit, and output teleprinter unit.

“Exploring with a Microtimer.” CFL, V1108.
12 minutes.
Use of high-speed camera to investigate cutting
of stainless steel.
“High Frequency Soldering.” CFL, V1076. 17
minutes.
Principles and function of r.f. circuit, setting up

BTM/Sound

Ferranti.

and its use for soldering.

“High Frequency Heating.” BEDA, No. 14. 9

minutes.
Fundamental principles of heating by high
frequency current in conductors and non-
conductors.

“Electronics.”” BTH. 35 minutes.
Principle of the electron valve and its application
to industry.

“Electrons on Parade.” USIS. 14 minutes.

Shows the uses of electrons in industry in
manufacture of valves.

“Electronics in Industry.” BTH. 35 minutes.
Outlines the many widely different uses of
electronic control.

“Industrial ~ Applications  of
Mullard/Sound Services, A444.
19 minutes.
Simple explanation of principles and shows a
series of applications.

“Principles of Ultrasonics.”
538A1. 15 minutes.
Deals with the generation and application of
ultrasonics and demonstrates the relation between
sonic and ultrasonic waves.

Ultrasonics”,
CFL 2025.

Mullard/ EFVA,
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“A New Approach to Production Improve-

ment.”  Philips/CFL, 2032. 43 minutes.
The applications of electronic measuring instru-
ments, resistance welding, h.f. heating are
included in a general review of modern
techniques.

“Mona-matic Magic.” USIS. 40 minutes,
Main features of the clectronically-controlled
engine lathe and its use.

“Quality Control through Statistical Methods:
Acceptance Sampling.” USIS. 18 minutes.

Describes quality control procedures. particularly
as applied to ball-bearings.

“Quality Control through Statistical Methods:
Process Control.” USIS. 12 minutes.

Process control procedures as illustrated by mass
production of ball-bearings.

Manufacturing Processes

“Manufacture of Radio Valves.” Mullard/

Sound Services, A328/CFL 2026. 26 minutes.
Assembly of wvalve from component parts
showing works method of manufacture.

“Made for Life.” Mullard. 34 minutes.

Shows development and manufacture of cathode
ray tubes including control of raw materials,
production and quality.

“Special Quality Valves.” Mullard. 27 minutes.
Development and manufacture of valves
designed to withstand the severe conditions of
vibration and shock such as are encountered in
military equipment and aircraft.

“Printed and Potted Circuits.”

10 minutes.

An account of the techniques involved,

RRE, T.F.60.

“The First Automatic Factory.” CFL. 18
minutes.
A description of the first layout and operation of
J. A. Sargrove’s automatic process for the
production of electronic circuits.

“Project Tinkertoy.” GB. 27 minutes.
Shows the modular system of automatically
producing electronic circuits.

“R.F. Induction Heating.” USIS/GB. ¢
minutes.
General methods used in r.f. heating of small
parts.

“Coaxial.” USIS. 13 minutes.
Manufacture and installation of coaxial cable
and description of use for multi-channe
telephony communication.

Applied Physics

“Linear Accelerator.” Mullard/ EFVA, 556A2.
12 minutes.
Theory of nuclear transmutations; production of
hard X-rays; design of travelling wave linear
accelerators,

“Principles of the Cyclotron.” Dance-Kauf-
mann/EFVA, 558KI1. Loop film.
The film shows a diagram of the apparatus, and
illustrates the effect of the D-shaped electrodes
on the magnetic field to accelerate particles.

“Discharge through Gases.” Mullard/EFVA,
540A18. 11 minutes,
Shows the discharge patterns which occur when
pressure is progressively reduced and explains
the theory of discharges through rarefied gases.

“The Electron Microscope.” M-VE/CFL, 2006.
18 minutes.
General principles and some particular examples
of its use in research.

“Terra Incognita.”

A385. 28 minutes.
Principles of the light microscope, and the
electron microscope and a short account of the
uses of the electron microscope.

Philips/Sound Services,
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“The M.R.C. Cyclotron.” RRU. 10 minutes
L.ayout, demonstration of the unit. etc.

“Atomic Energy.” GB. 11 minutes.

Basic principles of atomic energy, radioactivity
fusion and fission.

“Atomic Radiation.” GB. 12 minutes.
Radiation production and protection.

“Atom Smashers.” GB. 14 minutes.
Machines and techniques for production o
radiation; accelerators, the synchrotron.

“Atomic Physics,” Part I—V, GB, Five sounc

films in black and white, 1, 2, 2, 2, 3, reels

(With teacher’s notes.)

Describes the development of atomic theon
through various discoveries of atomic particle:
culminating in fission.

“Research in Engineering.” M-VE. 42 minutes
The work of an electrical research laboratory.

“Division of Radiophysics 1949.” ASLO. 1

minutes.

Describes research work being carried out by the
Division on: radio-astronomy, moon echoes
radar meteorology, radio-controlled modes

rain-making, electronic computing, radar aids t¢
navigation and airport control.
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FILM STRIPS
This list gives similar information to that given for films. All the strips are on 35 mm film

and are usually accompanied by explanatory notes.

“Magnets and Magnetic Materials.” Mullard/
EFVA, 546 G43, 24 frames.
1t describes “hard” and “soft” magnetic
materials, the applications of psrmanent magnats,
eddy currents losses and magnetic ferrites.

“Thermionic Valves: the Diode and Triode”,
Mullard/ EFVA, 546 G50, 29 frames.
Shows thermionic emission, types of cathode, the
space charge, the anode and anode current,
characteristics of the diode and triode and the
static and dynamic characteristics of amplifiers.

“The Cathode Ray Oscilloscope.” Mullard/
EFVA, 546 G51, 22 frames.

Studies the principle and construction of the
cathode ray tube and its operation In an oscillo-

scope. Typical applications of the cathode ray
oscilloscope are illustrated.

“Introduction to Radio.” Mullard/EFVA, 551
Gl, 38 frames.
An introductory account of the principles of
radio transmission. The following topics are
illustrated : the crystal detector, the tuning coils
and capacitors, valve detection, propagation of
radio waves.

“The Triode Valve.”
EFVA, 551 G3, 26 frames.

A brief discussion on the basic theory of the
valve, photographs are used to illustrate; the grid,
rectification of an alternating current, character-
istic curves of triode valves and manufacturing
techniques.

“The Radio Valve,” Parts 1 and 2. Mullard/

EFVA, 551 G4, 32 frames.
An introduction to electronics and radio valves;
the behaviour of electrons in an electrostatic and
electromagnetic field, and the potential distribu-
tion between the electrodes of different valves.
Part 2 gives a classification of the different types
of valve. and the characteristics of each.

“The Radio Valve,” Part 4. Mullard/ EFVA,
551 G6, 20 frames.
The meaning of valve characteristics; these

include normal ratings, static characteristics, and
limiting values.

Dance-Kaufmann/

“The Radio Valve,” Part 5. Mullard/EFVA,
551 G7, 37 frames.
Explains basic valve circuits for transmission,
reception and reproduction of sound and indicate
briefly the principles of transmission. The circuit
of an a.c. mains superheterodyne receiver is given
followed by details of the individual circuits.

“The Radio Valve,” Part 6. Mullard/EFVA,
551 G10, 49 frames.
The application of electronics to industry:
induction heating and dielectric heating. Equip-
ment for the two methods is shown.

“The Electron.” CFL, HS8, 42 frames.
The structure of atoms and arrangement of
electrons; electron flow in conductors.

“Elementary Principles of the Cathode Ray
Oscillograph.” GB, 553 G2, 31 frames.
An introduction to the structure and use of the
oscillograph. The setting up of a time-base and
the method of synchronization are shown.

“The Cathode Ray Tube,” Part 1. Mullard/
EFVA, 553 H3, 32 frames.

Various forms of cathode-ray tube are illustrated,
and their applications indicated.

“The Cathode Ray Tube,” Part 2. Mullard/
EFVA, 553 G4, 32 frames.

The general construction of a typical television
tube is illustrated by diagrammatic view and the
processes of manufacture.

“Atomic Physics,” Parts I-IV, GB, 557
G6-10. Five film strips in black and white,
35, 41, 38, 26, 39 frames.
Gives an account of the electron and deals with
Thomson’s work on positive rays; Aston’s mass
spectograph; X-rays and radioactivity; nuclear
theory; atomic number; the neutron and isotopes;
particle accelerators.

“Atomic Energy.” VIS/EFVA, 557 Al3, 63
frames.
The structure, classification and uses of the atom
and atomic energy. Principles of the cyclotron,
the atomic bomb and the uranium pile.

ADDRESSES OF DISTRIBUTORS OF TECHNICAL FILMS

Admiralty : Director of Naval Stores, Dept.
NS 10c. Admiralty, London, S.W.I (Whitehall
9000, Ext. 937).

Air Ministry : Director of Technical Training.
Adastral House, Theobalds Road, London,
W.C.l (Holborn 3434).

ASLO : Australian Scientific Research Liaison

Office, Africa House, Kingsway, London,
W.C.2 (Holborn 3422).

BTH : British Thomson-Houston Co. Ltd.,
Publicity Dept. (Film Division), Rugby (Rugby
2121).

BTM : British Tabulating Machine Co. Ltd.,
17 Park Lane, London, W.1 (Hyde Park 8155).
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Cambridge : The Director, Mathematical
Laboratory, Cambridge University.

CFL: Central Film Library, Government
Building, Bromyard Avenue, London, W.3
Shepherds Bush 5555); Scottish Central Film
Library, 16/17 Woodside Terrace, Charing
Cross, Glasgow, C.3; Central Film Library
of Wales, 42 Park Place, Cardiff (Cardiff
30441).

EFVA : Educational Foundation for Visual
Aids, 33 Queen Anne Street, London, W.I
(Museum 5742); Foundation Film Library,
Brooklands House, Weybridge, Surrey (Wey-
bridge 4478).

Ferranti : Ferranti Ltd., Computer Sales, 21
Portland Place, London, W.1 (Langham 9211).
GB : Gaumont-British Film Library, Aintree
Road, Perivale, Middx. (Perivale 7481).
K-H: Kelvin & Hughes Ltd., New North
Road, Barkingside, Essex (Hainault 2601).
Mullard : Mullard Educational Service, Mul-
lard House, Torrington Place, London, W.C.1
(Langham 6643).

INSTITUTION OF RADIO ENGINEER

M-VE : Metropolitan-Vickers Electrical Cc
Ltd., Trafford Park, Manchester 17 (Traffor
Park 2431).

Philips : Philips Electrical Ltd., Film Sectior
Century House, Shaftesbury Avenue, Londor
W.C.2 (Gerrard 7777).

RRE : The Director, Radar Research Estab
lishment, St. Andrews Road, Great Malvern
Worcs. (Malvern 1400).

RRU: Radio-therapeutic Research  Uni
(Photographic Section), Hammersmith Hos
pital, London, W.12 (Shepherds Bush 4594)

Sound Services: Sound Services Ltd., 26t
Kingston Road, Merton, London, S.W.1¢
(Liberty 4291).

USIS: United States Information Service
Films Section, 5 Grosvenor Square, London
W.1 (Grosvenor 9000); United States Infor
mation Service, 56 George Street, Edinburgh:;
United States Information Service, Sunlight
House, Quay Street, Manchester 3.

Note from the Education and Examinations Commiittee :

The Institution receives many requests for advice on instruc-
tion material. The lists given in this report are by no means
exhaustive, but include material of proved training value, with
a minimum of advertising content. The Education Committee
would appreciate receiving advice from members who are able,
from experience, to suggest additions to the above lists. In this
way it is hoped to maintain in the Institution a continuing

and up-to-date reference on instruction material.

Such infor-

mation should include a brief synopsis of the detail shown in

the film or strip.

The Committee gratefully acknowledges the co-operation of
firms and distributors in making available the information
from which the above lists were compiled.
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APPLICANTS FOR MEMBERSHIP

New proposals were considered by the Membership Committee at a meeting on 4th October, 1956, as
follows: 39 proposals for direct election to Graduateship or higher grade of membership, and 45 proposals
for transfer to Graduateship or higher grade of membership. In addition, 64 applications for Studentship
registration were considered. This list also contains the names of three applicants who have subsequently agreed
to accept lower grades than those for which they originally applied.

The following are the names of those who have been properly proposed and appear qualified. In accordance
with a resolution of Council and in the absence of any objections being lodged, these elections will be confirmed
14 days from the date of the circulation of this list. Any objections received will be submitted to the next
meeting of the Council with whom the final decision rests.

Transfer from Associate Member to Member EEE"EYN- AR‘f"Zd l‘;"';',":a-d D';’;’i"-bl
ARMAN, Rcgina ichard. embley.
LAkIN, Ralph Thornton, M.B.E. Mansfield. Haxrri, John Michael. London, S.W.20.
RoGERs, Ronald Frank. London, N.21. HavNes, Donald Patrick. Sranmore.
; A . HunsLE, Raemond Arthur. London, S.E.22.
Direct Election to Associate Member Hucurs, William Eric. Pinner.

BRENCHLEY, Major Raymond Basil, R.E.M.E. London. S.W.3. Lockwoop, Peter. Luton.
Cook, William Frederick. Chelmsford. A, il R

' . CCARTNEY, omas. Liverpool 4.
GriFkiTHs, Hugh Bowcen. High Wycombe. McCDERMID, Geoffrey Ronald, B.E. Dunedin, N.Z.
LanGLots, Lieut.-Com. Fredcrick David, R.N. Portsmouth. McGow, Peter Charles. Glasgow S.4.
ScutT. Reginald Herbert. Nairobi. May, Reginald James. London, N.W.6.
SHaNNoN, Lieut.-Com. George Edwards, R.N. Fareham. PuiLLiPs, Kenneth. Harrow.
WEARN, Capt. Ronald Victor. R.E.M.E. Arborfield. PRICE, Leslie William Stewart. /ford.
WiiiaMs, Gilbert Harold. London, W.4. Reap, Fit. Lt. Ian Stuart Foster, R.A.F. Manchester 9.

. . Scivyer, John. Potters Bar.

Transfer from Associate to Associate Member SKINNER, Sydney Lonsdale, Wooburn Green, Bucks.
BURNETT, Wg. Cdr. Reginald George, M.B.E., R.A.F. Singapore. Smeep, Norman Peter. ,C""'"""’d-
EADIE, iam Rowland. Glasgow W 4. Tapp, Licut. Edward William, R.A.N. Worthy Down.
KYNASTON, John Alfred Charles. Cardiff. WRIGHT, Percy. New Eastwood, Notts.

PLANT, Sqdn. Ldr. Arthur Frederick, R.A.F. White Waltham.
Transfer from Student to Graduate

o OTr-;msf:rRﬁ;om (}Brad’ua;e to Associate Member AkDITTI, Joseph. London, N.W.3.
oop, Joseph Rodney. Banstead.
Hirst, Capt. Raymond, R.EM.E. B.4.0.R.10. LI LT, il
Kuan, Lieut. Sultan Ahmad, B.Sc., R.P.N. Karachi. BuaTia, Madan Mohan Sugnomal. Kalyan, India.
BHowMICK, Saurendra Nath. Bangalore.
Transfer from Student to Associate Member BUEHLER, Walter. Monireal.
FisHEr, Jack Edward. Waltford. CLEARY, Alan. Twickenham.
Dawes, James Peter. Cambridge.
Direct Election to Associate Dev, Abinash Chandra. Silchar, Assam.

FLENS, Jan. Cambridge.

KAR, Saroj Kumar. Bangalore.
KING, Anthony Sydney. Alron, Hanis.

HumpHriss, Ernest Lawton. Woolton, Liverpool.
LeacH, Errol Wentworth. Nassau, Balamas,

QuraisHi, Capt. Jameel Ahmad, B.Sc., P.E.M.E. Querta. KRishNaN, Bal Jhanb, B.Sc. London, W.2.
. LakDAWALA, Homi Feroze. London. S.W.7.
Transfer from Student to Associate MCCONNELL, Geoffrey James. London, S.E.15.
MaRrks, Charles Quin. Bridgnorth. Ma)UMDAR, Amal Kumar. Carshalton, Surrey.
MEHTA, Mahendrakumar Chandulal. London, W.12.
Direct Election to Graduate MiLts, Samuel John. Crawley.

NARAYANA Ra0, Nannapancni, B.Sc. Guntur.

. John J . 8 1.
(AT L outhal SHaRP, Gregor Hugh. Sydney. New South Wales.

BIRD, George Harold. Sandiacre, Notts.

Bistop, John Reginald. Thame, Oxon. STRANGE, Norman Edward. Brentford.
Cocoer, Edward Ernest James. London, SEER23N Tye, Alfred Henry. Coveniry.
Crossy, Allan. London, N.W.10. VENKATESWARAN, Vadakanthara Venl halan. B lore.

STUDENTSHIP REGISTRATIONS

ABERCROMBIE, Frank Leonard. Henlow. GELLER, David. London, N.5. McGowaNn, John Swart. Dunedin. N.Z.
ADAMS, William Edward. Stranraer. Ge1 LERT, Josef. London, N.W.11. MacCGREGOR, Henry George.  London,
ALl, Mohammad Nadir, B.Sc.  London. GONZAGA, Victor Emmanuel.  Seremban, N.W.10.
N.W.6. GMalaya, MANTEL. J%val. k’txlagf" ]
i ROVER, Amrit_Lal. Ludhiana. ASHIAH, Barou ie. el-Aviv.
BuaTiA, 2nd Lit. Rajendra Nath, M.Sc., *Gupta. Tara Chand.' New Delhi. MATHINULLA KHAN, B.E. Madras.

Indian Sigs. Poona. MEeapows, Desmond Frederick,  Fording-

HickMaN, D. Pembroke Dock.

CavaLoUsKi, Charles. Padstow, N.S.W. bridge.
Crapp, Ernest He1r_1ry. Lo'r(ulm;é W'.G.d ﬂgg‘éi’:&sgg.'aﬁgwjﬁgnmilg’_"”gg,’:‘do". Wi MoRrGaN, Frederick Richard, B.Sc. Egham,
E(L)t::(ﬁs,\yjlgﬁnm;\n}t‘gg:\i's. .l:}urto‘:r'-':w:-':l‘r:enl. Hsu, Wei Kung. Southampton. NA,;}::HUSHANA. Maganur P., B.Sc. Banga-
COTTRILL, NorbcAn Francis. London, W.2. }::‘g:;m.]cl?:;cl}al:omlx;;jérdbaxenham. NAukRAJARAO, B. G., B.Sc. Tumkar,
*DocKERTY, William Harold. Farnborough, JENKINS, Cyril Victor B Pontypridd Mysore State. .
Hanis. . JonnsoN, Kenneth Lytham St Annes NARASIMHAN, Villiambakkam Venkatachari.
DuMoNT, Gilbert Camile. Jumet, Belgium. Jones, George Augustine. London, W.2. Chingleput, Madras State
FLawiTh, Donald Edward Thomas. Basing- KAUFMAN, James Bryan. Nottingham.
stoke. . - KHaRE, Madhav Dattatraya, B.Sc. Barrack- Note.—The names of the other 23 students
FORSTER, Dennis John. Ruislip. pore, W. Bengal. registered at this meeting will be included
GADHOKE, Har Bhajan Singh. Kanpur. LAWRENCE, Dennis. London, S.W.14. in the next list.

* Reinstatement.
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THE SUPPRESSION OF RADIO INTERFERENCE

About 80 delegates, representing 17 countries
and five international organizations, attended
the fifth plenary session of the International
Special Committee on Radio Interference
(C.LS.P.R)) in Brussels on July 24 10 27, 1956,
under the chairmanship of Mr. O. Ww.
Humphreys (Director of the G.E.C. Research
Laboratories). The delegates split up into three
sub-committees, dealing with (a) limits of
interference and methods of control; (b)
measurement of radio interference; and (c)
safety aspects of suppression techniques.

The drafting of specifications for the
interference measuring apparatus on frequencies
between 150 kc/s and 30 Mc/s is nearing
completion and work is now proceeding on
equipment for frequencies between 25 and 300
Mc/s.

It is recommended that limits applied to the
interfering voltage at the terminals of appliances
should lie within the following ranges:

Frequency band to Limit of interfering
be protected voltages at terminals

150200 ke /s 5001500,V
200285 ke /s 500-1000,V
5251605 ke /s 500-1000,,V

For these requirements, measurements should
be made according to the C.I.S.P.R. method
and, for appliances in large scale production,
the limits applied on a statistical basis. They
do not represent absolute maxima which must
never be exceeded.

The C.IS.PR. is awaiting proposals from the
LE.C. regarding the measurement of radiation
from radio and television receivers and will
then endeavour to formulate limits for the
interference from both frequency-changing
oscillators and time-bases.

The manner of interpreting and applying
limits for interference caused by appliances
in large-scale production ijs obviously of
importance but, apart from the statistical
methods used in the United Kingdom (as laid
down in B.S. 800) very little information is
available on present practices. All concerned
were therefore recommended to study the
British procedure and send in their observations.

Many administrations regularly  publish
statistics on interference complaints but these
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have no common basis for comparison. Tt
C.IS.P.R. therefore recommends that the:
statistics should identify interference from tt
following sources and be compiled separate]
for the different wavebands :

(a) low-power appliances  incorporatin
motors, thermostats, contacts, etc., g
used in households, shops, offices an
small workshops;

(b) sound  or television
receivers;

(c) gaseous discharge lamps;

(d) industrial, scientific or medical radio
frequency apparatus;

(e) high-tension lines.

Regulations in many countries forbid the us;
of capacitors connected to the outer metalworl
of double-insulated appliances, thus making j
more difficult to achieve a satisfactory degree
of suppression of radio interference, and it i
asked that further study be given to the safety
aspects which could arise if capacitors were tc
be so connected.

There is at present a lack of uniformity in
the procedures for specifying the earth leakage
currents due to the presence of radio inter-
ference suppression capacitors. The C.I.S.P.R.
therefore recommends that consideration be
given to the significance of high-frequency
leakage currents which can flow in such
capacitors, and that when specifying the
methods of measuring leakage currents, the
adoption of 2000 ohms as the value of the
resistance to be inserted in the earth lead should
be considered.

Mean.while, the leakage currents to earth
for various types of appliance for adequate
suppression are specified as follows:

broadcastin

Type Leakage Current
Fixed, permanently earthed 5 mA
Double-insulated and all-insulated 3.5 mA
Earthed portable 0-5mA

Some of the matters under review by the
C.LS.P.R. have been the subject of discussion
at  BritLR.E. meetings which have been
reported in the Journal. These include :
M. Smith, “Radio and Television Interference,”
August 1956: E. M. Lee, “Current Radio
Interference Problems,” November 1952,
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A METHOD OF ANALYSING THE PERFORMANCE OF
TANDEM-CONNECTED FOUR-TERMINAL NETWORKS

by

P. W. Seymour, (Associate Member)+

SUMMARY

After a brief review of the classical quadripole theory, definitions are given of the reference

parameters of a quadripole and reference operation

between nominal impedances. Use is then

made of these definitions to analyse a simple case involving tandem-connection of two quadripoles.
A graphical technique for calculation purposes is introduced, and a simple example of the application
of the results derived is given. Brief reference is made to the scope of the generalized treatment of

this subject.

1. Introduction

A study of the classical theory of the
four-terminal network shows that its overall
electrical properties can, at any given frequency,
be expressed in terms of three independent
network parameters. These independent net-
work parameters may be defined in various
ways, and amongst those commonly en-
countered in the literature are the image and
iterative parameters. The image parameters,
which are of interest here, consist of the image
transfer constant and the image impedances.

The telecommunications design engineer,
who is mainly concerned with the determina-
tion of a suitable configuration of elements for
a network, and the calculation of the element
values, can make considerable use of the image
parameters, because they may be expressed
solely in terms of the elements of the network.
Thus, by following established methods of
design, the configuration and values of the
elements of a network, which will have
prescribed image transfer constant and image
impedances, may be determined. This, in turn,
leads to prescribed electrical performance under
conditions of image operation.

There is, however, another aspect of network
performance which the user of telecommunica-
tions equipment encounters. This aspect will
be better appreciated if first it is recalled that,
to obtain a specified standard of overall

* Reprinted from The Proceedings of the Institution
of Radio Engineers, Australia. Vol. 17, July 1956.
(Paper No. 371.)

t Engineer-in-Charge, Department of
Production, New South Wales.

U.D.C. No. 621.372.5,

Defence

performance from a transmission system, it is
necessary to specify a set of performance
characteristics for the individual equipment
units of the system. These individual equip-
ment units are usually of the four-terminal
type, and may as a rule be represented by linear
four-terminal networks of suitable configura-
tion. Where linear two-terminal networks are
encountered in a transmission system they can
be regarded as part of an adjacent four-terminal
network in the system. Unlike the design
engineer, the user of telecommunications equip-
ment is not predominantly interested in the
detailed circuit arrangements existing within
a four-terminal network, but rather he is
interested in its resultant performance when it
is appropriately connected in a transmission
system. From the equipment user’s viewpoint,
therefore, it may be said that an equipment
unit is merely a box, possessing four terminals,
and, in general, acceptable if its performance
characteristics conform with certain prescribed
requirements.

It follows that one of the problems facing the
user or purchaser of transmission equipment is
that of specifying the performance requirements
of the individual units of equipment in such a
manner that the overall performance require-
ments of the complete transmission system are
satisfied. irrespective of the source from which
the equipment purchase is made, while at the
same time permitting the equipment designers
the greatest freedom possible.

In many cases it has been found more
practicable to specify the insertion, or operating
characteristics of a network, between appro-
priate nominal impedances (to be defined later),
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rather than to specify its required performance
characteristics in terms of, say, its image
transfer constant.

Further, it is convenient to specify the
network impedances in terms of the input and
output return losses obtained when the network
is operating between nominal impedances,
rather than in terms of the image or iterative
impedances.  Analysis of tandem-connected
network performance in terms of the operating
and return losses of the individual networks can
offer many advantages, particularly when
simple graphical methods of calculation are
developed. In this paper, as an introduction
to the technique, a simple case involving
tandem-connection of two four-terminal net.
works only is considered. It may be noted here
that the term “four-terminal network,” or
quadripole,” is taken to cover all equipments
units from, say, the simple transformer to a
complete carrier telephone system, and that the
formulae presented have general application.

2. Review of Classical Quadripole Theory

With reference to Fig. 1, the insertion factor
of a quadripole may be defined as follows. In
Fig. 1a, a source of impedance Z; and e.m.f. E
is connected directly to a load impedance Z,.
Let the voltage and current in the load in this
condition be represented respectively by V,
and /.. In Fig. 1b a quadripole has been
inserted between the source and load im-
pedances. Let the voltage and current now
existing in the load impedance be represented
respectively by V. and 1. Then Z,—V,/l,—
Vi/L, so that V,/V,=1,/I.=G, say. The
parameter G, which is a complex number, is
defined as the insertion factor of the quadripole
introduced between Zs and Z,.

The insertion loss of the quadripole is defined
as IL(db)=201log, |G|. Further, the insertion
phase shift of the quadripole operating between
Zs and Z, is given by ¢, the angle of G. Thus,
if G=a+jb, ¢=Tan'b/a. A study of the
insertion factor G shows that it may be written
as the product of five terms, so that the insertion
loss, expressed in decibels, becomes the sum of
five loss terms,

IL (db)=20 logy |G| = - 41+ Ay + Ay + A, + A..

The physical, rather than the mathematical
significance of these terms are of interest here.
Firstly, - A4, is due to the mismatch existing
between Z; and Z,. A, is due to the mismatch
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between the input image impedance Z, of the
quadripole and Z,, while A4, is due to the
mismatch between the quadripole output image
impedance Z,, and Z,. A4, accounts for a
phenomenon called interaction, which may be
physically regarded as a repeated transfer of
diminishing electrical energy within the quadri-
pole, between input and output terminals.

I
— -

J,.__._____ Jrg

SOURCE

LOAD

-~
& —
~—

I

— 2
[ b—

l
|
|
QUADRIPOLE l
|
|
l

!
I v z
| z t
l <
|
|
— O
SOURCE | | Loap
(b)
Fig. \.—lllustration of definition of insertion loss.

Interaction arises from the imperfect matching
conditions existing at both input and output of
the quadripole: it vanishes if either the
quadripole input or output is terminated by its
appropriate image impedance, and becomes
negligibly small if the quadripole attenuation
is high. A; is the image attenuation constant
of the quadripole, expressed in decibels.

From the foregoing it will be appreciated
that the estimation of the performance of a
particular quadripole, from a study of its
insertion loss and insertion phase shift
characteristics over a range of frequencies, can
lead to a more representative result than a
study of the real and imaginary parts of the
image transfer constant over the same range of
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requencies. This is because it is unlikely that
he quadripole will, in practice, be operated on
y strictly image matched basis between equal
source and load impedances, under which
-ondition the insertion loss expression reduces
0 the single term As.

In connection with the loss resulting from
the insertion of a quadripole between a source
and a load, it may, therefore, be said that:

(@) The quadripole image attenuation constant,
expressed in decibels, does not accurately
represent the decibel change of load power
resulting from the insertion, except in the
somewhat idealistic case of symmetrical
image operation, and

(b) The insertion loss of the quadripole, ex-
pressed in decibels, accurately represents the
decibel change in load power resulting from
the insertion, but can lead to somewhat
misleading numerical solutions in cases
where the direct connection of source and
load impedances produces a mismatched
condition.

As an example of this fact, it will be recalled
that the differential or hybrid transformer of
Fig. 2, sometimes used as a 2/4 wire termina-
tion for a carrier telephone channel, provides,
when ideal, and correctly matched, a 3db
image attenuation loss from Hybrid Line to
Hybrid In, and from Hybrid Line to Hybrid
Out. From consideration of insertion prin-
ciples, the insertion loss of the transmission
path from Hybrid Line to Hybrid In, operating
between a 600 ohm source and a 600 ohm load
impedance, is also 3 db; but the insertion loss
of the transmission path from Hybrid Line to
Hybrid Out, operating between a 600 ohm
source impedance and a 300 ohm load
impedance, is 2:5db, a result which may be
unexpected to some. The physical significance
of the subtraction of 0-5db from the image
attenuation loss of 3db is simply that, upon
insertion of the Hybrid Line to Hybrid Out
transmission path between the originally mis-
matched source and load impedance, although
the ratio of power transmitted from Hybrid
Line to the 300 ohm load impedance at Hybrid
Out still corresponds to an attenuation loss of
3db, the hybrid has acted as an impedance
matching device between source and load, and
has thus removed the original transmission loss
of 0-5 db. The effective loss upon insertion is,
therefore, 3 - 0:5=2-5 db.

TANDEM-CONNECTED FOUR-TERMINAL NETWORKS

In view of the foregoing it would appear that
a “loss” term, representing a comparison of
load power under inserted quadripole condi-
tions, and under conditions of transmission
from source to load impedance via a suitable
ideal matching device, is required. Such a loss
term would account for the image attenuation
constant of the quadripole and the various
reflection phenomena mentioned, but would
avoid source to load impedance mismatch. In
this paper, therefore, the conception  of
“operating loss” is used after the fashion of
F. B. Llewellyn.*

HYBRID OUT

[
3P > 3000
1

HYBRID
UNE | :
: | |uysrio
s00n 3 p 1 | L
! | 26000
E ! |
l LM_QO/—
i

3Py S 6000
[

| HYBRID IN
Fig. 2—Differential or hybrid transformer.

3. Definition of Operating Loss

Operating loss may be defined by the
expression OL (db)=20 logy |G/B|, where B is
the insertion factor of an ideal transducer,
which, when inserted between source and load
impedances, effects perfect matching between
them.

To understand this more clearly, let P, be the
load power when source and load impedance
are directly connected, Pi be the load power
when source and load impedance are connected
via the ideal transducer or matching device,
and P, the load power when operation is carried
out via the quadripole. Then, by definition,
|G|2=P,/P, and |B|2=P,/P; so that |G/B*=
P./P,. Thus the square of the operating factor
modulus, |G/BJ% is equal to the ratio of the

* F. B. Llewellyn, “Some fundamental properties
of transmission systems,” Proc. Inst. Radio Engrs, 40,
pp. 271-283, 1952.
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power in the load impedance when source and
load impedance are perfectly matched, to the
power in the load impedance when operation
is carried out via the quadripole. Since
20 log,, 'G/B|=20 log,, |G'-20 log,, |B|, it
follows that the expression for operating loss is
simply that for insertion loss less the term — A,
Thus, when a quadripole is inserted between a
source and load impedance, and no reflections
occur at its input and output terminals, the
operating loss becomes equal to the quadripole
image attenuation constant, expressed in
decibels.

4. Reflection Coefficient and Return Loss

The term return loss is closely related to the
term reflection coefficient, or return current
coeflicient, and is a logarithmic measure of the
amplitude relationship existing between the
current reflected from a mismatched junction
of impedances, and that transmitted under
matched or reflectionless conditions. Return
loss is frequently used as an implicit measure
of impedance, partly because it is more con-
venient to express and measure an impedance
in terms of its return loss, against a chosen
impedance, than in any other terms; and partly
because the return loss is, in many respects,
a more convenient indication of performance
than the impedance value.

The inverse reflection coefficient, A4, between
impedances Z and Z, may be expressed as

(Z]Zy)+1
(Z]Zy) ]

while, in turn, the return loss of Z against Z,
may be written
(Z/Z\)+1

=9 b R
RL (db)=20 log,, Z/Z0

or RL (db)--20logy «, where a—|A|. It is
now apparent that ¢ may be regarded as a
known real number indicating the degree of
inequality existing between Z and Z,. Z. is
generally a known nominal impedance of zero
angle, for instance 600 ohms or 75 ohms.

It can simply be shown that the locus of
Z/Z;—r+jx, for a constant value of a, is a
circle of radius 2a(¢*-1) and centre at
[(@+1/(@-1),0]. If, for example, a—10,
the return loss is 20log,, 10 -20 db, and the
corresponding circle for Z/Z, has a radius of
0-202 and centre at (1-02, 0).
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A

Assuming further that Z,—=600 ohms, zero
angle, then the circle representing Z may be
found by multiplying all dimensions of the circle
for Z/Z, by 600. The radius of this circle will,
therefore, be 1212 ohms, and the centre will
be at (612,0). It will thus be seen that any
impedance Z, having a return loss of 20 db
against a nominal impedance Z.-—600 ohms,
zero angle, terminates on a circle of radius
121 ohms and centre at (612, 0).

RL db [CENTRE [RADIUS
[ 193 | 165
[ 1-22 7070
. | i 4ttt 1 L1 W5 | 107 | 0-37 ]
08T ey | 5 N 1) 0| 102 | 0-20 |
o6l fof 1 I 11 TS 2s 101 | o
LA L 8 [ L ﬁ
0-4 |—=—+—H+—+ - i L NL L1
T
02f F
0 Y 200
-02

-0-4
-06

-08

Fig. 3.—Circles showing Z Zy=r+jx for some
typical return loss values.

Similar circles may be drawn for other values
of return loss. In order that the circles may
find general application, they are usually drawn
to represent the complex ratio Z/Zy, rather
than the complex values of Z corresponding to
a chosen nominal impedance Z,. Fig. 3 shows
a family of return loss circles representing
Z|Zx=r+jx for various values of return loss.

5. Operating Loss of Tandem-connected
Quadripoles

In the approach made in this paper to the
estimation of the performance of tandem-
connected quadripoles, use is made of the
reference parameters of the individual quadri-
poles, as distinct from, say, the image para-
meters. The reference parameters depend on
the particular source and load impedances
chosen.  The latter, termed the nominal
impedances, are often of zero angle, and in
many cases correspond closely to the image or
design impedances of the quadripole. Analysis
in terms of the reference parameters results in
final mathematical expressions of simple form,
and leads to a graphical method of calculation
which is extremely labour saving.
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TANDEM-CONNECTED FOUR-TERMINAL NETWORKS

A precise definition of the reference para-
neters may now be obtained from Fig. 4. As
shown, the input and output impedances of the
juadripole may, under reference conditions, be
referred to respectively as the reference input
impedance, Z, and the reference output
impedance, Z., while the corresponding return
loss of each of these reference impedances
against the appropriate nominal impedance
may be referred to as the reference input return
loss, RL . and the reference output return loss,
RL,. Similarly the operating factor, L, and
the operating loss, OL. under reference condi-
tions will be referred to respectively as the
reference operating factor and reference
operating loss. The reference return losses and
the reference operating loss may be collectively
referred to as the reference loss parameters.

In order to calculate the overall operating
loss of tandem-connected quadripoles Q, and
Q.. operating between nominal impedances
Z., and Zys, consider, first, Q. operating under
reference conditions between Zx, and Z...
Then, by application of Thevenin’s theorem at
the output terminals of Q,, it is easy to show
that the equivalent source at these terminals
consists of an e.m.f.

E, Zpt+Zys
L, 2V(ZwZy)

acting in series with an impedance Z .. In this
expression, L, is the reference operating factor
of Q.. E, is the em.f. driving Q, via Zxi, and
Zo, Zyp are as shown in Fig. 5. Similarly,
application of potentiometer theory and the
definition of operating factor to quadripole Q.,

Zso= REFERENCE In = REFERENCE
OUTPUT IMPEDANCE INPUT IMPEDANCE

Ell

GOURCE  |QUADRIPOLE! LOAD

Fig. 4—Quadripole operating under reference
conditions.

operating under reference conditions between
Z., and Zy. enables the relationship existing
between any voltage developed at the input
terminals of Q. and the corresponding
current flowing in the load impedance Zys, to
be written as

I (load) 1 Zps+Zxs
V (input) 2LV (ZZys) Zus

where L, is the reference operating factor of
Q.. and Zy; and Zj. are as shown in Fig. 5.

NOMINAL IMPEDANCE:

Ln Ly2 Ins
v v
| A
2ws | i !
M$ | |auaoRiPoLE ! QUADRIPOLE | |
! Q, ! Q2 I Zns
A O oL ' (oL,) !
| I 2 i
SOURCE | | | LOAD
| |
I I
] Zra  Ips
[ OLs >

Fig. 5.—Tandem-connection of quadripoles Q, and Q..

Since, when Q, and Q. are tandem-connected
as in Fig. 5,V (input) becomes, by simple
potentiometer theory, EnZps/(Zp+Zg:) it is
possible to relate the driving voltage E, and
the load current / (load) by means of the
expressions given. Thus, by elementary algebra

I (load)

_E_‘ (Zps+Zx) (Zps+Zy»)
LiL, 2 (ZZxo) 20ZysZysY (Zyo+ Zri)

Consider now Zy, matched to Z.. by means
of an ideal impedance matching transducer of
impedance ratio Zv;/Zy:. The load current in
this  condition is easily obtained as [y=
E,/2V(Zx1 Zxs). The reference operating factor,
L, for the tandem-connected arrangement of
quadripoles Q, and Q., operating between Zx
and Z,; may now be written
L;" ln/’ (load)

2Zys| Znz+Zis| Zyo)
VASYVACE, D(Zp/ Zya+ 1)

Lng °
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Fig. 6.—Graphs for the determination of

‘maz and kmiu‘

Upolipy+ 1 -1

ag.a
b 9, RX'R3
I‘min 20 lOgIO—
Ay Apalpy
when R1.5,=20log,ay, and RL ;=20 log,yap,

kma.r 20 lOgIO

are known.

Introducing now the reference inverse

reflection co-efficients

(Zr:/Zxy) + | VAYVANES |
Ap= =220 1 d Ap,= =KoVl T 0
T ZulZywy -1 2" = G 71

and substituting the expressions for impedance
ratios derived from these into the previous
expression, it is possible to write L, in the
simple form

Ls" L1L2 . (A R2 Am - 1),'An2 Am
= LngK
where K=(A,Ap— 1)/ A 1A s

The overall reference operating loss, OL,, is
thus
OL;=OL,+OL.+ 20 log, | K| (db)

An examination of |K| shows that its extreme
values become the real numbers

| Ups Apg — 1 Apo dpz + 1
IK'min “and lKlmaz_'*
Ape Apg Up2 Apy

The examination also shows that K| may
assume any value between |K|,;, and |K|,...
If, therefore, the reference input and output
impedances Z; and Z,,, are represented by their
respective return losses RL, (db) and RL,, (db)
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against the nominal impedance Z.., it follows
that the limits |K|,.., and |K|,.. of [K| may be
calculated.

The calculation of a precise value of K
between the limits |K|,. and |K | maz would
require explicit knowledge of the impedances
an and ZR:;.

Defining now k,..= -20 logy, |[K|,... and
Koz =2010gy |K |, it is possible to predict the
maximum and minimum values of OL,. Thus
OL; may lie in the range

OLI + OL‘.': - klrliﬂéOL:‘éOLl + OLJ + km:u (db)

In order to facilitate rapid calculations,
graphs are presented in Fig. 6 which show the
variation of k.., k.. and (Kmaz + Kmin), €x-
pressed in decibels, as the return loss sum
RL 4+ RLz =20 logy, (ap: . ay;) varies between
20db and 60 db.

6. Determination of Frequency Response
Limits of a Transmission System
As an application of the foregoing principles,
it is of interest to determine the overall
frequency response limits of a simple trans-
mission system consisting of tandem-connected
quadripoles Q, and Q,. To facilitate analysis,

+db L—-&/ ’ T
| | 4,
1' OL, (QUADRIPOLE Q,)
| i
0 -db [— e ¥
= £ fo "‘2
v
o s
S vap |—Jrecdrec —
2 dy
S ¢ 1 0L, (QUADRIPOLE Q,)
e .
S -db 777 7
2 f, fo t
s
E |y kmax
5 § ":{/kmm
7 da
§ +db 3
d,
ji 0Ly +0L; = kpmin
l d; (QUADRIPOLES
V4R I -3‘ T ‘ilIDE:‘IQCQONNECTED)
-db A o
[ //7/7V7 77777771
fO

f2

Fig. 7.—Tandem-connection of quadripoles
Q, and Q,. Case (a).
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et it be assumed that the system provides a
single channel of reference frequency fo, and
upper and lower frequency limits f. and f
respectively.

Further, let it be assumed that extreme
frequency response limits, leading to a most
unfavourable combination upon tandem-
connection, are chosen for Q, and Q., as shown
in Fig. 7. In order to determine the overall
frequency response limits of the transmission
system, formed from the tandem-connection of
Q, and Q. it is convenient to consider two
extreme cases, later combining the results.

Case (q).—The assumptions made are as
follows:
(i) The overall operating loss at fo is
OL, +OL, - kpin.
(i) The overall operating loss at fi is
OL]‘}' OLg - (d2+d4) - knn‘n-
(iii) The overall operating loss at fo 1s
OL1+OL2+(d1+d3)+kmnz-
It follows from these assumptions that the
response limit at f, becomes - (d»+d,), whilst
that at f, becomes + [(di+ds)+ (Knin+ Kmaz)]-

+db L2248
d)
{—X—OL.(QUADRIPOLE )
| d,
- ! |
o A i
= f, fo fs
a
S Lab osisedvse ;
2
- ds
= ‘: 0L ; (QUADRIPOLE Q)
3 a,
2 mab F 7777747 77, 1
S f fo t2
2
5 7770771 777077074 4 -
2 +db | 93
geel 1 L2
d)
i OL) +0L; + kmax.
d2 (QUADRIPOLES
-+ — 1 a0
-db d, TANDEM CONNECTED)
I- W, I — [ ——kmax
F ] ¥77. 777 :’kmi"
LA to 2

Fig. 8.—Tandem-connection of quadripoles
Q, and Q,. Case (b).

NQTEZ
. il
— [ | - ’kmax
Tt — Kmin
Cee
+db /- ds
L]
A
2 | o
” : ! ; oLs
z l d, (NOTET)
E — - ',3 54}
/ )
& -db ] 7| | da
w
S — _72!‘_"_‘_‘— [ —Kkmax
—T:F' —

Fig. 9.—Swmmation of response limits for randem-
connected quadripoles Q, and Q,.
(Refers to Figs. 7 and 8.)
Note 1.—OL,+OL,— k., 720L=0L, + OL, + & 0z
Note 2.—Dotted characteristic corresponds to
OL,=OL,4+OL,+ k.-
Full line characteristic corresponds to
OL,=0L,+0OL, - (8o

The resultant limits so obtained are also shown
in Fig. 7, and it will be noted that the range
between these limits is
[(dl+d2+(13+(14)+(kmin+kma.r)].

and that the upper limit has been widened by
an amount (K., + k...) relative to the direct
summation of individual response limits,
((11+([3).

Case (b).—The individual response limits of
quadripoles Q, and Q,, and the overall operat-
ing losses at f, and f, are again as assumed in
Case (a), but it is now assumed that the overall
operating loss at fo is OL,+OL, + k... Under
these conditions the response limit at f, becomes

- [(d2 + d«i) ol (kmin + kma:)];
and at f. simply + (di+ ds).

Referring to Fig. 8, it is seen that again the

range between the limits is

[(dl + dz + ([3 + dd) + (kml'n + kma:)]
and that in this case the lower limit has been
widened by an amount (k. + k.q:) relative to
the direct summation of the individual response
limits, (ds+d,).

It is convenient to combine the results of
Cases (a) and (b) as shown in Fig. 9. Since the
overall operating loss at the channel reference
frequency, fo, may range from OL,+OL, —knin
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to OL, +OL.+ k... it becomes essential, in the

light of the results obtained for the extreme

cases considered, to widen both upper and

lower response limits from (d;+d;) and

- (‘12+d4) to [(dl "'(13) + (kmm J‘kum.r)] and
[(ds+ dy) = (Kuin + knae)] Tespectively.

However, it should be clearly recognized that
the range between the extreme turning points
of an overall frequency response characteristic
plotted on Fig. 9 cannot, from the study of
Cases (a) and (b), exceed

[(({1 + (1-_5 + (13 + (14) + (kmu.x: + kmin)]

even though the range between the response
limits of Fig. 9 is seen to be

[((1'1 + (l': + ll.'x 9 (14) 9 2(/\",4.:1:+ kmin)]-

7. Conclusion

An approach to the theory of quadripole
performance differing from the classical
approach has been indicated. The practical use
of the reference loss parameters has been
demonstrated, and formulae have been obtained
which enable a prediction to be made of both
the precise overall operating loss of tandem-
connected quadripoles , and ., of known
individual operating losses OL, (db) and OL,
(db) respectively, and the maximum and
minimum overall operating losses that may be
expected as a result of this tandem-connection.
The former case applies when the reference
impedances Zy. and Z,; are explicitly known,
while the latter case applies when Z,, and Z,
are implicitly known in terms of their respective
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return losses, RL;, (db) and RLg, (db), agains
the nominal impedance Z,..

The formulae presented in this paper are
applicable to a certain special condition o
tandem-connection only. However, a genera
theory, covering non-reference operation o:
quadripoles, has been developed. This theory
to be published soon, enables overall operating
loss characteristics of a transmission system tc
be determined when quadripoles are added o
removed., and permits synthesis of transmis.
sion systems in terms of tandem-connectec
quadripoles.
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tQUIPMENT FOR THE CONTINUOUS VECTORIAL DISPLAY
JF ALTERNATING VOLTAGES IN THE FREQUENCY RANGE
S5 kec's to 3 Mc/s*

E. C. Pyatt, B.Sc.(Eng.)t

SUMMARY

A sinusoidal alternating voltage is generated and applied to the input of an unknown four-
erminal network; the output voltage of the network is displayed on the Argand diagram

eproduced on the screen of a cathode-ray tube.

As the frequency is varied, the circle diagram

f the network is traced on the screen and resonances are indicated by loops in the trace.
The broad principles are given of an equipment working in the frequency range 5-215 kc/s,

vhich has already been described elsewhere.

Full details are given of a second equipment for
he frequency range 100 kc/s - 3 Mc/s. FKrequency calibration means are discussed.

The chief

ipplications of these two designs are described—the assessment of electromechanical transducers,

ind as bridge detectors in electromechanical measurements of elastic constants.

Numerous

slectrical circuit applications, such as the display of Nyquist diagrams, would also be possible.

|. Introduction

Useful information about the electrical
‘haracteristics of a four-terminal network can
e obtained from a simultaneous plot of the
implitude and phase of the output voltage
-elative to the input voltage, as the frequency
s varied. The output voltage vector can be
lisplayed as a point on the Argand diagram,
vhich can conveniently be reproduced on the
icreen of a cathode-ray tube. As the frequency
s varied, loops in the trace indicate resonances
n the network: the frequency scale of the loops
sorovides a measure of the corresponding Q
values.

2. Previous Equipment

An equipment to provide this facility in the
frequency range 5 kc/s-215 kc/s has already
been described. This has been in use at the
National Physical Laboratory for nearly a year,
principally for the assessment of electro-
mechanical transducers and as a bridge detector
in electromechanical measurements of elastic
constants. Fig. | is a block diagram indicating

* Manuscript received 7th July, 1956 (Paper No.
372).

t Communication from the National Physical
Laboratory, Teddington, Middlesex.

U.D.C. No. 621.317.755:621.317.32.

the principle of the method used in this equip-
ment. Two outputs of the test frequency are
generated at A and B with a phase difference
of 90 deg., and these are used as “carrier
frequency” inputs for two identical phase-
sensitive detectors. A separate output in phase
with one of them is fed to the network under
test. The output from the network is fed to
the “signal frequency” terminals of both phase-
sensitive detectors. In the detector outputs a.c.
components are suppressed, leaving only a d.c.
component having a magnitude proportional to
E sin ¢ in the one and E cos¢ in the other,
where E is the voltage at the output of the
network and ¢ is the phase angle of that voltage
relative to the phase of the input. These two
d.c. voltages are applied to the Y- and X-plates
of the tube respectively, giving the spot a
resultant deflection from the centre proportional
to E at an angle with the horizontal of ¢. The

" spot thus locates the end of the output voltage

vector on the Argand diagram displayed on the
tube face.

The accuracy of the method depends on
balancing simultaneously two phase/frequency

t E. C. Pyatt, “Equipment for the vectorial display
of alternating voltages in the frequency range
5-215 kcfs,” J. Sci. Instrum., 32, pp. 469-471,
December 1955.
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Fig. 1.

characteristics in different parts of the equip-
ment. Firstly, Channel 1 must be balanced
against Channel 2 from the phase shifter
through to the phase sensitive detectors (thus
including balancing one low-pass filter against
the other); secondly, the phase change from A
through the “system under test” terminals
(when these are shorted) to the phase-sensitive

detector must balance that in Channel |
between point A and the phase-sensitive
detector. 1t was found possible by compara-

tively simple phase equalization to do this
balancing in this frequency range so that the
phase angle error fell within + 3 deg., but it
was felt that a more simple method not
involving so many balancing paths might be
preferable in an equipment to work at higher
frequencies.

3. Basic Description of Present Equipment

When it was decided, therefore, to extend the
range of the equipment to 3 Mc/s, a new circuit
was designed to cover the range 100 kc/s to
3 Mc/s. This uses the same power supplies
and feeds the cathode-ray tube display panel
of the original equipment. Fig. 2 is a block
diagram of the circuit principle.

Two crystal oscillators having a frequency
difference of 50 kc/s feed two separate modu-
lators; the second input frequency for each
modulator is derived from a variable oscillator,
The modulators are followed by low pass filters,
which pass the lower sidebands and suppress
upper sidebands and input signal frequencies.
Thus at points C and D in Fig. 2 are outputs
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Vectorial display of alternating voltages in the frequency range 5215 ke/s.

of f ke/s and (f+50) kc/s respectively.  (f i
the test frequency and equals the differenc
between the frequency of the variable oscillato
and the frequency of the higher frequenc
crystal oscillator). From C the circuit divides
one channel passing through the system unde
test to one modulator, the second channel pass
ing direct to a second modulator. The seconc
input frequency for each modulator is derivec
from point D. A low-pass filter selects the
lower sideband of the output from each of these
modulators, and this has always a frequency of
50 kc/s irrespective of the value of f A
points E and F therefore are outputs of 50 kc/s
having a phase difference equal to the phase
change through the network under test. The
output at point E, i.e. the wave which has
passed through the network, is used to derive
a circular time base for the display cathode-ray
tube. The amplitude of the circular trace is
thus a measure of the attenuation of the
network. The output at point F is squared
and differentiated to produce a pulse, which is
applied as a brightening pulse to the grid of the
display cathode-ray tube. Suitable manipulation
of the brightness control of the tube enables the
spot alone to be seen and its radial displace-
ment and angular position on the screen are
a measure of the attenuation and phase change
in the network under test.

It can be seen that the only part of the circuit
where phase shifts will affect the accuracy of
the results lies in the two channels between
point C and the circular time base and grid
pulse generators.  The portion of these
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shannels on the output side of the modulators
vorks always at one frequency and in conse-
juence presents no problem at all for phase
:ompensation. The accuracy of the equipment
1inges therefore on producing identical circuits
n the two channels between point A and the
>utput of the two modulators.

4. Detailed Description

The crystal oscillator frequencies are 4 Mc/s
and 3-95 Mc/s, the oscillator circuits being of
onventional types. (For most applications it
is sufficient for these crystals to be of the same
type, but if excessive operating temperatures
are likely temperature-controlled crystals can
be used or crystals selected to have similar
temperature coeflicient/temperature relations).
The variable oscillator range is 4-1-7-0 Mc/s.
The modulators are of the suppressor grid type
using pentode CV 2209 (6F33), and these are
matched to two-section low-pass filters by
cathode followers (CV 136; EL91). The filters,
which have R,—=500 ohms, f.=3-2 Mc/s, one
section constant-K and the other with f
3-975 Mc/s, select the lower sideband 100 kc/s
to 3 Mc/s or 150 kc/s to 3-05 Mc/s respectively
and “suppress upper sidebands and input
frequencies.  Thus, corresponding to a
frequency (f+4000) kc/s from the variable
oscillator, a frequency f kc/s appears at point
C and a frequency (f+50) kc/s appears at
point D.

The wave of frequency f kc/s at point C is
fed to the network under test through amplifier
(CV 138; EF 91) and cathode follower (CV 136)
stages. The maximum voltage obtainable at
the network input is 900 mV. The output from

the network under test is amplified in a
variable-p stage (CV 454; 6BAG6) to provide
control of gain, then passes via an amplifier
(CV 138) stage to the suppressor grid of a
modulator valve (CV 2209; 6F33). The control
grid of this valve is fed from point D with
frequency (f+50) kc/s via a single stage
amplifier (CV 138). A transformer in the
modulator valve anode circuit matches this to
a two-section low-pass filter, having Ro=
500 ohms, f.=75 kc/s, one section constant K
and the other with f, =100 kc/s, which passes
lower sideband (always 50 kc/s) and suppresses
upper sidebands and other unwanted frequen-
cies. The 50 kc/s output signal is fed to a
single stage amplifier (CV 138), which has to be
tuned in order to suppress further the unwanted
demodulation products arising from harmonics
generated in various parts of the circuit. The
output is at point E.

From point C an identical channel omitting
only the network under test provides a second
50 kc/s output at point F. The 50 kc¢/s signal
at point E has an amplitude proportional to the
attenuation of the network and a phase
relative to the phase of the 50 kc/s signal at
point F equal to the phase change in the
network.

The signal from point E is passed to a
90 deg. phase shifter, the two outputs of which
feed the X and the Y plates through push-pull
amplifiers (all CV 138). The signal at point F
is squared and differentiated: the resulting pulse
triggers a blocking oscillator, which produces
the narrow brightening pulse for the cathode-ray
tube grid.

4 Mcls
G')W NETWORK UNDER
= TEST -
L 7| U = e[ | CRT
4 - ad [ " Rl i 5 | PLATES
A fe=3-2Mcls LOW PASS CIRCULAR
@ f FILTER TIME BASE
Ar-TMess [ (o] 450 ke/s / _ fe=75kels GENERATOR
@ MODULATORS MODULATORS &‘ PULSE
W GENERATOR
3-95Mc/s = ‘ -
" [ EGRID

Fig. 2—Vectorial display of alternating voltages in the frequency range 100 kc/s to 3 Mc/s.
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The amplification of the whole system is
such that at maximum gain 30 mV at the
output of the network under test produces a
deflection of 1 cm on the cathode-ray tube
screen. The tube is of the compass type
(CV961; NC13) having equal X and Y
deflection sensitivities. The screen diameter is
53 inches and it carries a circular scale of
degrees. Power supplies and controls are all
conventional.

Provided that the network under test presents
a suitable impedance to the measuring system,
the phase angle error probably lies within
+5deg. The accuracy could be improved by
more careful design of the amplifier circuits
and by individual selection of components in
order to balance the two channels. The

addition of a cathode follower probe with low
input capacitance for connecting the network
output to the equipment would increase the
scope of the possible measurements.

Fig. 4—Circle diagram of barium titanate crystal.
The resonance frequencies are 97-7 kc/s (large loop),
134-5 kec/s and 170-0 kc/s (small loop).

566

FREQUENCY FOR WHICH
MARKER IS REQUIRED

4.1. Frequency Calibration Circuits

In the first equipment the variable oscillator
incorporates a means for displaying a frequency
calibration on the cathode-ray tube screen
during operation. A 100-tooth gear wheel cam
on the incremental tuning capacitor operates a
miniature switch at each tooth. A separate
output derived from the variable oscillator via
a cathode follower is fed to the grid of a valve,
which is switched on and off by the cam-
operated switch in its cathode. The output of
this valve is connected to the grid of the
cathode-ray tube, which is biased beyond cut-off
for the normal condition of no input. The
electron beam is suppressed therefore until the
cam switch operates when the spot on the
screen becomes visible. Fig 5 shows an
example of the use of this calibration device

in practice. The spacing of the resulting
bright spots on the trace varies from
25 ¢/s at 5 kc/s to 70 ¢/s at 215 kc/s. The

Fig. S.—Portion of circle diagram of barium titanate
crystal. Resonance frequency 32-2 ke/s; dot spacing
33 ¢/s; Q approximately 100.
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variation of dot interval with dial setting is a
drawback to this system and in the present case
the alternative shown in Fig. 3 will be used.
A modulator valve derives its first input from
a variable oscillator, having a frequency
¢ ke/s close to f kc/s and its second input
from an accurate 1 kc/s oscillator via a
harmonic generator and equalizer.  The
modulator output includes therefore frequencies
of g+1,2, 3, 4kc/s, etc. The modulated wave
is fed to a second modulator via a high pass
filter to remove unwanted signals at the input
frequencies. The second input for this
modulator is derived from the equipment, and
is the variable frequency for which the calibra-
tion marks are required. The second modulator
output is filtered by a narrow band 1 kc/s band
pass filter. As f is varied an output is obtained
from the band pass filter whenever f differs
from g by a simple multiple of 1 kc/s, i.e. at
intervals of 1 kc/s. The pulses thus obtained
applied to the grid of the display cathode-ray
tube produce the “dotted line” trace as before,
but with the dots at a fixed frequency interval.

5. Applications
S.1. The Assessment of Electromechanical

Transducers
Circle diagrams of electromechanical
transducers can be plotted by displaying the
voltage across a small resistance in series with
the transducer. The method is particularly
valuable in cases where high power is being
handled in the transducer and conventional

Fig 6.—Circle diagrain for three parallel resonance
circuits. Resonance frequencies 46-2 kc|s, 100-4 kc/s,
and 160-4 kc/s.

bridge methods can no longer be so easily
employed. The drive frequency derived from
the equipment may need amplification for
some applications; the phase change of the
additional amplifiers will then have to be
determined separately. Resonance frequencies
and corresponding Q values can be rapidly
determined from the circle diagram and the
results used to estimate transducer efficiencies.
Once the position of an interesting portion of
the circle diagram has been located in the
frequency spectrum by this method, it can, if
necessary, be plotted in more detail by con-
ventional methods. Figs. 4 and § show some
typical examples of measurements on barium
titanate transducers.

5.2. Bridge Detector

The vectorial display equipment has greatly
facilitated the use of some of the methods of
measuring the elastic constants of small metal
strips and disks, developed by Bradfield at the
National Physical Laboratory (to be published).
Frequently the mechanical resonances are of
very small amplitude and only produce very
small impedance changes in external circuits.
The transducer forms one arm of a shielded
bridge, which is fed with the drive frequency
and balanced approximately at a frequency
near resonance. The vectorial display equip-
ment is connected to the detector terminals of
the bridge and the frequency is varied until
resonance is indicated by a small loop in the
cathode-ray tube trace.

5.3. Electrical Measurements

Although the equipment was not designed
primarily for electrical measurements, it is
obvious that the display of Nyquist diagrams
of amplifiers or of the phase and amplitude
characteristics of electrical networks could
readily be carried out with its aid. Fig. 6 shows
a circle diagram obtained from three parallel
resonance circuits.
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(éouss. William Thom-asL Plymouth. LutTReLL, Edward Richard Glusgow ) gPARKES. }Edwa‘r‘d \Erlrllest Vlﬁorbl Rdhmulda.
ox, Victor Michael. Leeds. iy ’ ' STANLEY, Joscp! illiam. Bradford.
McGeacHie, Alexander, Paisley. TENNENT, Brian Harry., Brighton.
DaLE, Peter Ringolds. Salford. MCINTYRE, James. Glasgow. THAKER, K;:tilal alghalal.ng'l'_g:don. N.19.
DuTtTtoN, Joseph Donald. Northwich. M('KENzn‘:. lajn. Hmlg;rsﬁzld. TuomsoN, John, Glasgow.
. ARGERISON, Jamecs. ackburn TurNer, Brian. Halifax,
EASTONJ. Gavinjqu;‘gsto’I\ic. Sho,ll:. Lanarks. MARSH, l]ctcr. Nouinxha/m. TymmMm, Gor:ggn Tuar’rl\le‘:f Burnley.
DGE, James Joseph. verpool. MARTIN, John Arthur. oking. A
ELLIOTT, Lawrence, Mirfield. MIDDLETON, Laurence. Ayr. VANDOME, Ig.nauus Gerald. Preston.
MiNNs, Ralph. South Croydon. WaLsH, Patrick John. Dublin.
FirsTBROOK, Walter. Chadderton. MooRrE, Geolfrey Frank. Morecambe. xVVATxleoIN. Tgoma& Lﬁ;d:- q
MoORRIS, Alan. Bolton. ATSON, lvor George. estgate-on-Sea.
Gay, William Conn, Glasgow. ! WiLLiaMs, John Andrew. London, S.E.4.
GILLMAN, Robert Arthur fvan, Bromsgrove. Novyce, Peter Frederick. Colden Comnion, WiLsON, William Arthur, South Shields.

The following 185 candidates passed the written papers but were referred in the Practical Test :

ApaM, Norman Sydney. Glasgow. CouLtHARD, Denis. Middlesbrough. GReEENwOOD, Dennison Arthur. Lancaster.

ALLEN, Royston Arthur. Birmingham. CowesN, Simon Bernard, London, S.W.5. GREIG, Charles William. Glasgow.

ANDRUs, David George. Liverpool. CRAMPTON, Roy. Sheffield. GRIFFITHS, Peter Morris. Bury.

ASPINALL, Thomas, Leigh, Lancs. CRAWLEY, Anthony Page. Loughborough.

AsTBURY, Dennis Henry. Manchester. CrESSWELL, William. Houghton-le-Spring. HamMmonD, fvan William. Hertford.
CROCKETT, Brian Frederick. Bromsgrove. HARGREAVES, Dennis George. London, S.W.8.

BAILEY, Malcolm. Doncaster. CupMORE, Derck Robert. Paignton. Harrow, Terence Albert. Leicester.

BARRETT, John Charles. Twickenham. HARVEY, James. Paisley.

BEIRNE, Patrick Ronald. Dagenham. Davis, Bernard Peter. Westclifi-on-Sea. HAWKSLEY, Peter. Leicester.
BeLL, Albert Charles Joseph. Portsmouth. Davis, Edward William. ~Westcliff-on-Sea. Havywoop, Trevor Harold. Walsall.
BeLL, Trevor Henry. Hemel Hempstead. pE COENE, Victor. Birmingham. Henry, John. Kirkintillioch.

BENNETT, tvan Hammond. Stockport. DevriLLEREZ, Colin James. London, S.W.2. Hoaa, James Fraser Salter. Dundee.
BETHELL, Charles Stanley. Liverpool. DEXTER, Philip Graham. Keighley. HoLMAN, Roger Keith. Corfe Mullen, Dorset.
BETTERIDGE, Albert, Birmingham DurrieLp, George Ernest. London, E.1. HORSFALL, Peter John. Todmorden, Lancs.
BHATTI, Abdul Hafiz. London, W.8. DuGaN, George Noel. Nottingham. HowkLl, Joseph Leslie. Shrewsbury.
Buian, David George. Lolworth, Cambs. DUNN, Alfred Austin. Birmingham. HusBaRD, Anthony Francis. Gidea Park.
Boves, Fred. Blackpool. ' DysoN, Maurice George. Castle Bromwich.

ggorgi,g K:;mo;l":og:%sﬁ Bvr;adlll;’r::l'on Eppy, Gordon Raymond. Torguay. IeBs, Kenneth Douglas. West Bromwich.
BrOWN, Alcxander R, Glasgow. Evans, David. East Barnet. JEFFRIES, John Stanley. Erith.

B R ds Sandi Notts Evans, John Warren. Birmingham. JESSENER, Walter, London, E.17

rROWN, Raymond Stenson. = Sandiacre, iNOIIS. Evans, Terence Egan. Birmingham. 3 " Brian.  Dri " ks
BuiLOCK, Thomas Charles. Greenford. OHNSON, Brian. riffield, Yorks.
BULTITUDE, Brian, Bristol 3. FARMER, James Henry., Motherwell. . 3

BUTLER, Alan James. Larkhall, Lanarks. FARRE! L, ij“lz ‘Jrames' Be”la["' &:?E'\N?I:ic:r:rdzinhGur:m:g{:'rew:bury

FAwWCETT, Jacl revor, Halifax. 0 0 .

CALVERT, Allan. Billingham, Co. Durham. Fox, Frederick William, Carnforth, Lancs. ﬁlNle, Jghn.SDjen‘fe Cg;:pc;. Glasgow.
CHALCRAFT. Geoffrey. Steyning, Sussex. FrRAME, William. Hamilton. Lanarks. NIGHT, David John, orden,

CHALLEN, Bernard Charles. Oldham. FREEMAN, Raymond Douglas. Nortingham. Lacky, James Ed PI »
gIlAMBERS. I;(enll(l.] llJIIaCkDquol.’h pes FuLLEr, Frank Arthur James. Romford. ANCioN n'}rsevér gf.l;wren’ge"o"B‘r'i:ml
HAPMAN, ohn. eethorpes. i 5 3 3
CHRfs'"E_ Mfsr_eMary Westran. Glasgow. GARTON, Dennis. Penketh, Lancs. LAVENDER, Trevor Dyke. Dudley.
CoCKBONE, Michael Kenneth. Wirral. GAVIN, Gerald. Biggar, Lanarks. LAwReNCE, Clifford Roy. Southampton.
ColLIER, Arthur Alexander. Birmingham. GETTY, John Ramsay. Glasgow. LAWRENCE, TennysonBancroft.London,N. W .6.
Conroy, Francis. Liverpool. GiTTINS, Ronald Edward. Walsall. LEA, Geoﬂrey. Birmingham

CookE, Robert. Nottingham. GuLANCY, Charles. Stirling. LEE, Leslie. South Shields.

Coovrer, John. Urnoxeter. . Goop, Henry Bayne. Newcastle-on-Tyne. Leisk, David. St. Mawgan, Cornwall.
CosTELLO, William Anthony. Cheadle, GORDON, Donald William. Sowthampton. LEONARD, Leslie Ernest. London, S.E.22.
CoTtoN, Benjamin David, W ellington, Salop. GREEN, Frank. Middleton, Lancs. LopGE, Brian Frederick. Pontefract.
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LoNGLaND, Alan George, Houghton, Hunts.
LuM, John Brian. Huddersfield.

McGEacHIN, John. Glasgow.

MCGREGOR, Sidney. London, E.17.
McKay, William. Maybole, Ayrshire.
MacLurg, John Lernox. Glasgow.
MAITLAND, Walter. Belfast.

MaSON, Paul Arthur.  Langley Mill, Notts.
MERCER, Robert. Preston.

MIDDLETON, William George. Birmingham.
MIELNICKI, Michel.  London, S.W 9,
MiLLAR, Thomas Love. Bannockburn,
MITCHINSON, James. Manchester.

Mivar, Colin James. Cambridge.

Munro, Alistair Robert Lindsay. Kirkaldy.

NELsON, Leonard Howarth. Bolton
NisseT, William,  New Stevenston, Lanarks.
Nowir, Roy. West Hartlepool.

O’Br1EN, William Joseph. ford.
OWEN, Edward James. Fleetwood.

PARKER, Alan John. Smethwick.

PATCHETT, Robert. Manchester.

PATERSON, George.  Stirling.

Paut, Ivan Neville, FEast Croydon.
PEARSON, Rodney William. Huddersfield.
Piekarp, Frederick William. Bexhill-on-Sea.

PiIcKEN, John Frederick. Bromsgrove.
PLUMMER, Roy John, Bexleyheath.
PoOLE, Richard Allan. London, E.C.1.
PriCE, Brian Robert. Nottingham.

RATCLIEF, Stanley. Chertsey.
REILLY, Joseph. Glasgow.
REVELL, Brian Walker. Grimsby.
RiDLEY, Michael. Barner.
RosBiNsON, Jeffrey Lucas.
Mare.
ROBINSON, Michael. Liverpool.
Ross, Brian. Newcastie, Stafls.
ROWNEY, Peter Thomas. Stafford.
RussiLL, Dermot James. London, N.4.
RuUSSELL, Michael John. Birmingham.

SanNps, Edwin David. Nottingham.
SEROKA, Marian. West Croydon.
SHARMAN, Harold. Spalding.

SHaw, James Trevor. Preston,

SHEPPARD, Jeffrey Laidlaw. Hertford.
SHIPLEY, John. Colne, Lancs.

SHieway, John Edwin. Addington, Surrey.
SHIRVELL, Archibald James. Basildon.
SiMPSON, Derek Willlam. London, W.12.
SMAGGASGALE, Roy Edward. Barking.
SMiTH, Donald. "Leicester.

SMiTH, Eric Kenneth. Eastwood.

SMITH, Raymond. Hull.

SMitn, Walter William. Plymouth.

Weston-super-

SPONG, lvan, Leicester.

STEINMETZ, Frank. Epsom.

STEPHENS, Robert George. Leicester.
SroBo, Alexander. Wishaw, Lanarks.
SUNDERLAND, Donald. Halifax.
SUNDERLAND, Donald. Keighley.

SwaIN, Ronald James. Coinbrook, Bucks.

THOMAs, Allan R, Derby.
THorpE, John Norman. Leicester.
TowNLEY, David. Accrington.
TurTLE, Frederick Henry. Derby.

VINCE, Derby Donald. Derby.

WALKER, Gordon Henry. Weston-super-Mare.
WaLLACE, James. Maybole, Ayrshire.
WaRrD. Gilbert. Slough.

WATERS, Gerald Arthur.  Felbridge, Sussex.
WATKIN, Arthur Raymond Myles. Wirral.
WaTsoN, George Lorraine. Lyme Regis.
WEAVER, Douglas Brian. Croydon.
Winsmith, Joseph H. Urtoveter.
WiLtiams, Haydn Canning. Brighton.
WiiLsoN, Ronald.  Sheffield.

Wi TSHIRE, Leslie Edward. [Ilkeston.
WiNDSOR, Terence Edwin. Carricklergus.
WiNsLow, Michael. Cleethorpes.
WotLaNp, Edward Rov. Bristo!.

Woobp, Paul Wylam. Barnsiey.

TELEVISION SERVICING CERTIFICATE EXAMINATION—1956

A total of 134 candidates sat the examination which took place in May of this year.

The following 54 candidates satisfied the examiners in the entire examination :

ALLEN, Arthur, Leeds.
AbpPLEBY, Brian Lawrence. Wolverhampton,

BAKER, Gilbert Howard. Bradford,
BARKER, John. St Helens,

Bark, Gceorge Salmond.  Aloa.
Bucuan, Peter Bernard.  Hereford.
BuCkMaN, Douglas George. Chatham.
Burns, Robert Alan.  Ramsgate.

CHatk, Edward Cyril.  Driffietd, Yorks.
CHESSUN, Dennis Eddie.  Tunbridge Wells.
Cookk, Samucel John. Shotton Colliery.
Courar, William Moir.  Blairgowrie.
Crise, Frederick Joseph. London, S.E.23.
Cross, Raymond. Darwen, Lancs.

Eruis, John Holton. Newcastle-on-Tyne.
EVaANs, lan Stewari. Wirral, Cheshire.

Fosserry, Robert. Chichester.

HarpwiIcK, Gerald. Harrogate,

HARRISON, Arthur, Warrington.
Hevniwere, Fred.  Halifax.
HENDERSON, Alan. Ryton-on-Tyne.
HORTON, Dennis Victor.  Birmingham.
Hubpson, Robert.  Egham.

HuNTER, Thomas. South Shields.

KEetty, Donald. Bury.
KiTcning, Terence, Leeds.
KNIGHT, Michael John. Bristal.
LisTeR, Arthur George, G rimsby.

McDONALD, Robert. Paisley.
MCLAUGHLIN, Robcrt Cairns.  Harmilton.

MERA, John Charles. South Benfleet.
MovEes, Peter. Mirfield.

NEwey, Denis George. Stourbridge.

PITCHER, Richard Dennis. Leicester
Pitr, Ernest. Cullercoats. Northumberland,

REED, Graham George. Cambridge.
RENSHAW, Mathias. Birkenhead.
RUSSELL, Brian. Blackpool.

SINGLETON, Allan. [lminster.

SNOWDEN, John. Manchester.

SeaNswick, Kenneth George. Walsall.
Squins, Derek Charles.  Sonthampton.
STEPHENSON, Brian Stanley. Hyde, Cheshire.
STICK1ER, Rex. Rhondda.

SYKES, Alan Walier. Leeds.

TurNER, Michael Leonard. W embley.
TURNER, Robert.  Dunmurry, Co. Antrim.

WEBB, Waltcr Thomas Parrick. Watford.
WEsT, Christopher Robert.  Derby.
Wuson, Eric, Leeds.

WINNETT, John Terance.  Camberley.
Woop, Colin Michael. Heanor, Derbyshire.
WRIGHT, Ronald Herbert. Hull.

YEeats, Thomas James. Liverpool.

The following 6 candidates, referred in the Practical Test in 1955, now qualify for the Certificate :

Ast

EY, Raymond James George. London

S.E8.
BowLING, Cyril James. Poole, Dorser.

The following SI candidates passed the written pa

ADAMS, Bertram Kenneth. Bristof.
ANDERSON, Bertram.  Bathgate, West Lothian.
ARMSTRONG, William. Ayr,

BRITTON, John David. Derby,
BroOKER, Fredrick David.  Liverpool A
BURNSIDE, John Norman, Paisley.

CANTRELL, John Raymond. Birmingham
Curistre, Francis Dickson, Glasgow E 1.

Davies, David Harris. Colwyn Bay.

FRANCE, Henry Thomas. Liverpool.
FRrOST, Alfred. Newport, Mon.

Giasons, Donald Elvin.  Thornton Heath,
HARRISON, Peter Gerard. Wallasey .
Haws, David Charles. London N.19.

Hikst, Cyril.  Oldham.
Hoob, Joseph Acland. Bedford.
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DICKINSON, Bernard. Preston.

RAWE, Dennis Gerald. Hadley, Essex.

HopkiINsoN, Frank Keith. Birkenhead.
Hussey, David John. Liverpool.

LAFFERTY, Archibald. Stirling.
LAMMERS, Leslie Albert. Rochford.

MCCARTNEY, William. Paisley.
MCKENZIE, James Angus, Dundee.
MaNTON, Harold James. Southall.
Mason, Francis Noel. Liverpool.
MiLLER, Alfred Henry. Staflord.

MiLis, Barry Ronald. Birmingham.
MITCHELL, Albert David, Shrewsbury.
MooRre, John Derek. Southwick, Sussex.

NEWELL, Derek William. Doncaster.

OWEN, Hugh Carnell. Birkenhead.
OWINGS, Albert.  Liverpool.

PAYNE, Kenneth Rutherford. Brighton.
PRATT, Reginald James. Bexhill on Sea.

REECE, Raymond Dennis. Gosport,

WALTON, Brian. Ossett, Yorks.

pers but were referred in the Practical Test :

SEDGELEY, Thomas Howard. Leicester.
SIMMONDS, Patrick.  Westgate on Sea.
Stack, Thomas Adrian. Smethwick.
SMitH, Derek Richard.  Nottingham.
SMITH, George Frederick. Sunderland.
STOTT, Robert Henry. Prudhoe.
SWEENEY, William. Port Glasgow.

TavLor, James Gray. Glasgow N.W.
TuLev, David Albert. Leicester.
ToMmuLINsON, Edward George. Derby.
Tooukey, Joseph Bernard. Liverpool.
Tucker, Anthony Hal. Leicester.
TURNER, John Sefton, Birmingham.

VINCETT, Percy Albert. Barking.
WiLson, Neil Black. Clydebank.
WINDSOR, Douglas Charles. London, W .5,

Woob, Brian. Accrington.
Woopn, John Swart. Darlington,
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INFLUENCE OF A PARASITIC AERIAL IN A
RECTANGULAR ARRAY"

G. Boudouris, E.S.E., E.P.A. (Associate)t

SUMMARY

A rectangular aerial array has a parasitic element placed at its centre. All the aerials making
up the array are symmetrical half-wave dipoles parallel to one another and not displaced in the
sense of their axes, and the system radiates in free space. The aerials are assumed to be thin

and in the form of wires. Radiation diagrams and

the gain of the network are considered from

the double standpoint of the influence of the parasitic element and of the geometric configuration
of the rectangle. The formulz produced are developed in the form of graphs. Some comments

relative to the case of earthed dipoles are given.

1. Geometric Configuration and Variables

The rectangle of aerials as described in the
summary is characterized by two variables
(Fig. 1): the half length of the diagonal s and
the form ratio of the rectangle.

Thus 'c,f‘-%, with @ = b, therefore L =1 ...(1)
Instead of s in metres, the corresponding
electrical length measured in radians or degrees
is used, so that

S= 2n‘£ radians, or 360 ; degrees, ......... )
where A is the wavelength. With the aid of

these two variables, the two sides of the
rectangle are given by the formulae:

a=2s sin y] |

b—12s cOS Y} in metres

A=2S sin v} . .

B_2S cos Y{ in radians or degrees.....(3)

45° <y <908 ... (4

The length S will be the principal variable
while the form factor will be used as a para-
meter, except where the phenomena are being
studied as a function of t when the roles of

with y=arc tan g,

* Manuscript (in French) first received 22nd
October, 1955. Translation accepted for publication
20th August, 1956. (Paper No. 3730

t Laboratory of Physics of the Atmosphere,
University of Paris.

U.D.C. No. 621.396.674.37.

the two variables are reversed. The range of
values to be considered is

0< S<720° (or0 <25 =4v)
and 1=0=3
and, in some cases, | =¢{=5.

4 3

! 2

Fig. .—The rectangular array with parasitic aerial.

Finally, into the formulae produced there is
introduced as an auxiliary variable the angle
5 between the two diagonals of the rectangle
(Fig. 1), linked with y and ¢ by the relations:

5—=2(90° - y)=2(90° - arc tan Y),
where 0 <<d=90°

To facilitate applications, Table 1 (overleaf)
has been drawn up:

Note—The present paper follows and generalizes
upon the subject of the paper “Radiation patterns
and gain of a four-antenna array located at the
corners of a square around a central parasitic antenna”
which appeared in J.Brit..R.E, 9, pp. 427-439,
December 1949. The problem was suggested by an
accident which occurred at the Athens radio trans-
mitting station in 1945, necessitating the creation of a
temporary array.
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Table 1

sin y cos y
4 v =cos 1§ =sin 4 &
1 45° 0-7071 0-7071 90°
1-2 50-20° 0-7682 0-6402 79-61°
1-5 56-31° 0-8321 0-5547 67-38°
2 63-43° 0-8944 0-4472 53-14°
3 71-57° 0-9487 0-3162 36:87°

2. Aerial Currents

The four active aerials, placed at the corners
of the rectangle, are fed at their mid-points by
equal currents, in phase. Let I be one of these
currents, and let I, be the parasitic current in
the central aerial (unfed). The self impedance
of the parasitic aerial is given by Z, and the
mutual impedance between the parasite and
one of the active aerials by Z,. The following
well-known relation can then be formulated:

0-=Z1,+4Z,1

taking into account the circular symmetry of
the rectangle. This equation gives

471
L= - Z. e 8)
But it is known that, for a half wave

symmetrical dipole,
Z,-731+j42:5-84-5 /30° in ohms ...(9)

whence, replacing the ratio I,/I by ¢

00474 Z, £ 150°

1,

ree

T —

a+ijB:

is given by P. S. Carter.* Its relations arc
developed graphically in Fig. 2. With the
aid of equation (10), curves of the complex
ratio £ (Fig. 3) may be constructed. The
behaviour of the parasitic current I, may easily
be studied in relation to current I. The
quantity & plays an important part in the

* P. S. Carter, “Circuit relations in radiating
systems and applications to antenna problems,”
Proc. Inst. Radio Engrs, 20, pp. 1004-41, June 1932.

Carter’s relations for two half-wave dipoles
parallel with one another and not displaced in the
sense of their axes are written:

R,=30{2Ci($)—Cil{/($*+%) +a]
~Cil /(S +a)-x]}
X,=30{ =2 Si($)+Si[ v/ (S + 7)) + ]
+Si[ /(S +a)—x] }
both quantities in ohms, with

Ci(n) —f -dx and Si(u)=f

COoS x
0

X
If tables in Ci(w) (integral cosine) are not available,
those for Cim(x), the modified integral cosine, may be
used, in which

sin x

~dx

1

u
Cim(u)= f ’i—“’” - dx=log, u+0-5772 — Ci(u)
0

By substituting in the formula for R,, one obtains:
R,=30{ -2Cim(8)+ Cim [/ (5 +2%) + )
+Cim[~/(S'-’+7|:2)—7t]}

in ohms; terms involving 0-5772 and log disappear.
Since in the problem under consideration an

accuracy of 0-1 ohms is required for the values of

R, and X, it is necessary to calculate these values

employing the Carter formulae, because diagrams

published in ordinary literature do not give the
required degree of accuracy.

- ‘ - - -
+ _l —l + ! -
| I
- — —_— -+ - — ——
| [ [
B + 1 | — ! ]
1 ]
71—+ j——t- — —
=1L [ '.2%0 LIl
y N 9 2 b 1440
st st LN | o>k R g o
0SS o '
—, 1 ‘ I 1 1 ' -4 t -
(el — B e e G T —
[
I i — T+
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ig. 2.—Variation of the mutual impedance Z,=R,+jX,
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PARASITIC AERIAL

IN RECTANGULAR ARRAY

G. BOUDOURIS
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Fig. 3.—Parasitic current in terms of

L/1=t=a+iB=[g| |{.

formation of the radiation of the system. When
§-30, &> -4, and the radiation cancels out.
When S increases, the influence of the parasite
becomes weaker but always remains important
(within range studied).

3. Radiated Field

In seeking expressions for the field radiated
by the array using spherical co-ordinates
(r, v, o) (Fig 4), we shall consider the field at
a great distance, r > s.

Let P’ be the projection of the point of
observation P (r,v,¢) on the plane of the
rectangle (equatorial plane). To calculate the
distance (1P), the following trignometric
relations will be employed:

For the triangle (10P’):

(1P’ =5"4(r cos @) = 25 (r cos ¢) . cos (8" +v)
For the rectangular triangle (1P'P):
(IPP=(1P'} + (P'P)

=[5>+ (r cos @)* — 2sr cos ¢ . cos (8" +v)]
+(r sin @)
=5+ 12— 2sr cos ¢ . cos (8" +v).
Then, since s*<r,

(IPy==r* [1- 23 cos . cos (5" +v)]
From this it follows (s/r<1):
(1P)=r[1- —Sr- cos ¢ . cos (8"+v)]
=r-scos ¢.cos (8 +v)

Introducing the angle =a- &, we have
(1P)==r +s cos ¢ . cos (v-3).

The corresponding electrical length is:
(1P)=R + S cos ¢ . cos (v-19)
with R =2ar/%, and S=2as/h.

The distances (1P), (2P), (3P) and (4P) may
be calculated in the same manner, giving:

(IP)=R+Scos ¢ .cos (v-9) )
(2P)=R-Scos g .cosv
(3P)=R - Scos ¢ .cos(v-13)
(4P)=R+Scosq.cosv )

For a half-wave symmetrical dipole, the
electric field of radiation is given by the well-
known expression

j@ / cos (3= sin @) R
r cos ¢

in the rationalized M.K.S. system of units,

which will be used throughout this paper.

...... (11)

P(rv, )

L 3

o

Fig. 4—The radiated field of the array at a distant
point P,

Applying the formula for each of the fed
aerials, with the appropriate current and the
part of the corresponding phase in accordance
with the relations of eq. (12), it is found that
the contribution to the field of each of the five
aerials is given by:

E,=j @ e/d |- R
L I

E.=j 670 IO |-R - Scoseg.cos(v-129)

§r91<1> | - R+Scosg.cosv \(13)

E,—) :
. 60

E;=j - I® |- R+Scose.cos(v-3)

E,=j 9’9 I |-R -Scosg.cosv

cos (3= sin @)

where I1=1, I,=tl, ®=
cos @
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(a) ==
EQUATORIAL

/ A\
MERIDIAN-
GIII

(a) v=30°; (=2; 4a

- 1-570; $8=0-561; 5=>53-2°;
4[f, | =0-635; }|f,,.| =1-865.

and r is common to all the relations, since
s<r.

It is easy to show that, in the exact
expression for ®, $==cos ¢ may be substituted
with a relative maximum error of about
17 per cent. for ¢=154°. Furthermore, the field
being calculated at a great distance, the vectors
of these five contributions are parallel to one
another, and the total field at P is given by
the sum:

4
E- ZE,,
u=0

(.60 ) {
(J TN’/ - R )' - L2 4cos [S cos 4 cos (v - d)]

+¢0s (§ cos ¢ cos v) +cos [S cos ¢ cos (v - 8)]
+cos (§ cos ¢ cos -')}

or,
.60
E={ J7IP 2 -R }-{e+2cos [Scospcos(v - 8)]
+2 cos (S cos @ cos v)} ......... (14)
574

Fig. 5.—Ruadiation diagrams

—~ — — WITH THE PARASITE
— - = WITHOUT
—— MEAN VALUES

(b)

EQUATORIAL _ — "= & MERIDIAN

(b) §=120°;

$a.=—0-0035;
5=67-4° 4|f,,|=1-135; }|f,,| =0-535.

t=15; 18 =1-005;

Writing E=j Er(-)lf(v. ® /Z-R

it will be seen that the characteristic function
of the radiation is expressed by:

f(v, @) =[E + 2 cos (S cos v cos @)
+2cos(Scos(v-38)cos@))®P ...... (16)

Since E=o + jB, this expression may be written:
f(v, @) =[0 + 2 cos (5 cos v cos ¢)
+2 cos (S cos (v - 8) cos ¢)]P + jBD
whence the modulus of the characteristic
function is obtained:

[f(v, @)| =2 : [; +cos (S cos v cos @)

2 2
+cos (§ cos (v - d) cos q‘):l + <%> f .

The modulus of the field is then given by:
El=E= 2 /it )
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(c) s

l

|
—=&-=3 ! !

1
-—=8= \ '
—— MEAN VALUES N

(¢) §=300°; t=1and 3; $a=0-113; $B8=—0-468;
5=36-9° (t=3); 4|f,[=1230 =1
|t =0-61 (£=3) (equatorial diagrams).

The function [f(v,¢)| has the sense of a
reduced field, and decides the characteristic of
the radiation. The sections of this surface in
the equatorial plane (the plane of the rectangle),
and in different meridional planes will give
diagrams of equatorial and meridional
radiation.

The expression of |f(v,@| is obviously a
function of S. It is equally a function of ¢, by
the intermediary of the auxiliary variable 3 (see
Sect. 1). The influence of the parasite in the
formation of the radiation is expressed by the
presence of a and B in eqn. (17). By substitut-
ing in this equation a=g=0, the characteristic
function of the radiation in the absence of the
parasite is obtained:

|fo (v, @)| = 2|cos (S cos v cos ¢)

+cos (Scos(v-8)cosq)| . P ...... (19)

(d) -~
',\. \\

— — - EQUATORIAL
DIAGRAMS '

—-— MERIDIONAL
DIAGRAMS

~——— MEAN VALUES

N

0-380;

(d) §=390°; (=

1 18=—-0-125;
§=67-4°; %

Ju=

If,,| = 1-040.

m

To obtain the general equation of the
equatorial diagrams, it is sufficient to make
¢=0 in eqn. (17), giving:

X

2
2 B 21}

+cos [S cos (0—6)]] *<3> ] oo (20)

In the absence of the parasite, (a=B8=0) we
should have:

|fi(v, 0)] =2 |cos (S cos v) +cos [S cos (v - 8)]|

{
[f(v, 0)| =2 |: +cos (S cos v) +

Each equatorial diagram is symmetrical with
respect to the two axes of symmetry of the
rectangle. It is therefore sufficient to restrict the
calculation within the limits }6=v=90° +15.
A meridional diagram corresponding to v=1,
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is obtained by substituting v=v, in eqn. (17);
its equation will be |f(v, ¢)|. The diagram is
symmetrical with respect to the equatorial plane
and the calculation holds between the limits
0=¢=90°.

In Section 5, a graphical method is proposed
for the plotting of radiation diagrams. Figs.
5 a—d have been traced by the aid of this
method. It will be seen that the diagrams
have a very variable form, in accordance
with the variables § and 7. For §-30°
(s=%/12) and ;=2 (Fig. 5a), almost circular
diagrams are obtained. In the case of §— 120°
(s=%/3) and =15 (Fig. 5b), we have an
instance in which the presence of the parasite
transforms a very directional equatorial
diagram into another which is very much less so.

The case of $=300° (s=51/6), with $= 1 and
t=3 (Fig. 5¢), gives another example of the
influence of the form of the rectangle;
equatorial diagrams are very directional for the
square form, less so for 1=3. Finally, very
directional diagrams can be obtained, for
example, for §=390° (s=131/12) and t=1-5
(Fig. 5d). Some meridional diagrams are also
plotted.

4. Discussion on Equatorial Diagrams

Let us consider eqn. (20), which gives
equatorial diagrams as a function of v. The
function [f(v, 0)| varies with the quantity :

o(2)={}u +cos (S cos v} +cos [S cos (v - 8] }*
whence

de(n
% ZS{%“ +¢0s (8 cos v) +cos [S cos (v - 8)]}

X {sin (S cos v)sin v+
+sin [S cos (v - 8)] sin (v - 6)} ...... (22)

This first derivative cancels out and the field
takes extreme values in the following cases:

(a) Firstly,
%04 c0s (S cos v) +cos [S cos (v~ 9)]=0 ...(23)

If angles v exist satisfying this equation,
[f(v, 0)] takes the value B/, which obviously
constitutes the absolute minimum of the
characteristic function (see eqn. 20).

It should be noted, however, that eqn. (23)
does not always possess roots (in respect of v).
This can be shown by attempting to resolve
it graphically for the case of §=30° and ¢-2.
On the other hand, in the case of §=390° and
§=1'5, the graphical resolution carried out in
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€0s(390%0s v)+cos {390°cos (v-67%)) |7
20 —1 —+ +—+ 4 .
7

9 +cos(390%osv)+
cos {390°cos (v-

16
12 | - p7-4°)}|. ‘ ;
A S 1 I

|

- $=038 [=f \ —
(N0 £ | |
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t

=3

2 2R B I
- 08— ————
- 12— T —T— T
—I-&'*Ra—ﬂ -T —T—T—F
-2:0 - ! L : !

0-2

(=2

-0-2

-1-0

Fig. 6.—FExamination of the maxima and minima of
the field for $=390°, g=1-5.

Fig. 6a gives as roots: v=153°, 72°, 106° (for

5 = v=90° +1b). Following these directions,
%f(v, 0)| takes the minimum value |8 (see
Fig. 5d).

To sum up, the value |8| constitutes a lower
limit to the function |f(v, 0)/, and this becomes
effectively the absolute minimum of the
function if eqn. (23) has roots with relation to v.
(b) Secondly,
sin (S cos v) sin v+ sin [S cos(v - 8)] sin (v - 3)=0

This equation is obviously fulfilled for
v=45 and v=90°+145, ie. following the
direction of the axes of symmetry of the
rectangle. The extreme corresponding values
of the characteristic function are:
for v=14s
[f38, 0)| = 2{[4u +2 cos (S cos 48)} + (38 }
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i v=90° +1,
90°+ 35, 0) = 2{ [0+ 2cos (Ssin }O)I +38y
= e s 25)

at apart from' these two roots, eqn. (24) can
ave others. Let us seek, for example, the
onditions under which the value v=90° is the
sot of eqn. (24). The equation is then written:

sin (§sin8)cos8=0 ......... (26)
‘rom this it may be deduced:
Either, cos 8=0, then &= 90° (since

1<<6=290°), which corresponds in the case of
he square (t=1), for which, also taking
«ccount of the preceding roots, it is found that
1l the directions v=£k.45° (k an integer), i.e. all
he axes of symmetry of the square, are
lirections of the extreme values of the field.
See, for example, the case of Fig. 5¢c.)

Or, sin (S sin 8)=0,
therefore, S sin 8=k.180°

Here 5, the form of the rectangle, may for
sxample be fixed and S sought. Let us take
y=67-4° (t=1'3):
180°
S=k 5om3
and for k=2, §=390°.
It may be verified from Fig. 5d (§=390°,
t=1-5) that the field has a maximum for
v=90°.

The same line of reasoning could again be
taken for any value of v, and the extreme field
found in this direction, giving to S and ¢
suitable values, obtained by a graphical
resolution of eqn. (24).

By way of example, the graphical resolution
of eqn. (24) in the case of §=390°, t=1-5
(Fig. 6b) has been given. It is there confirmed
that the field takes extreme values following the
directions:

v=146=33-7°, 63°, 90" and 90° +38=123-7°
which is in agreement with the diagram in
Fig. 5d. To distinguish between a maximum
and a minimum value of field, the graphical
method is usually employed, rather than
analytical calculations. On the other hand, the
trace of the curve

|1a + cos (S cos v) +cos [S cos (v - 8],

which may be used at the same time as an
auxiliary for the outline of the equatorial
diagram of radiation, suffices to give all

we have k.195°,

information on the position of the extremes of
the field, and their character. This curve is
traced for the case of $=390°,¢=1-5in Fig. 6a
and establishes that the directions v=33-7", 63°,
90° and 123-7° are directions of maximum field,
whilst the directions v=53°, 72° and 106

correspond to the absolute minimum |B]. (See
(a) above.)

In order to compare with the array in the
absence of the parasite, the expression |fo(v, 0)
in eqn. (21) must be considered. It can be
easily claimed that the directions of the extreme
field studied in (b) continue to exist, in spite
of the fact that the character of an extreme
can change. The influence of the parasite
becomes perhaps more interesting where the
minima of the field are concerned. Without
the parasite, the absolute minima can be zero,
whilst with the parasite minimum values of
[f(v, 0)| never fall below |B| (in general, |B[740,
Fig. 3), and are displaced in direction (Fig. 6a).

5. Graphical Constitution of the Diagrams

The equation of the equatorial diagrams
(eqn. 20) suggests the following graphical
method for the geometrical construction of the
diagrams; this method is set out in detail,
taking the example §=30°, t=2, as in Fig. Sa.

A circle is constructed as a base, graduated
in 5-degree intervals for example by the
graduations 0, 1, 2, 3, . . . The point “6”
corresponds to §=30°, and is marked on the
figure. The diameter of the circle, ¢, is
similarly graduated in 12 equidistant divisions
from -6 to 6. The unit length of the diagram
will be the radius oc of the circle. (The scales
must, as usual, be suitably chosen.) Generally
the graduations applied to this radius will be
equal in number to that corresponding to the
position of the point S.

This done, c’Cc is considered as one of the
diagonals of the rectangle formed by the
network: oc will serve as the origin for
measuring the angle v. The second diagonal
oD is drawn, also the axes of symmetry, OE and
ofF. Finally, point A is marked in its place
such that 0A=13a (a to the left of 0 when «<C0),
and B such that oB=|[48/.

Now, to find a point M on the diagram
corresponding, for example, to the graduation
13 of the base circle (v=65°), marked G on the
diagram, G is projected on to the diameter c’c
and the corresponding division is read on the
projection G/, or 2-54. The point G” is marked
on the base circle, corresponding to the same
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division. The distance of G” from the other
diameter K’K is obviously the measure of the
quantity cos (S cosv). This distance is carried
over on AG’”, taking into account its algebraic
sign.

Finally, we return to G and move back to
point H such that chord GH is equal to chord pc,
We project to H', and read the corresponding
graduation on the diameter c’c (that is, 5-84).
The point H” of the same graduation is marked
on the base circle. The distance of H” from the
diameter K’k (which measures the quantity
cos [S cos (v-8)]) is carried algebraically into
G”H”. The length H”’B then measures [f(v, 0)/,
as may be seen by reference to eqn. (20). This
length is then carried in the direction 0G to
obtain the point M on the diagram.

The equatorial diagrams in Fig. § were
traced using this method. As a graphical
method it offers the possibility of following the
diagram and of “tightening” the points where
necessary. In addition, it is in general more
convenient than calculation. The accuracy of
the curve increases with the dimensions of the
scale, and improves when § decreases.

The same construction gives equatorial
diagrams in the absence of the parasite; it is
sufficient, in accordance with eqn. (21) to
eliminate points A and B and to take the
algebraic sum of the distances of G” and H”
from the diameter k'K, measured from the
centre 0. From the result, the influence of the
parasite on the formation of the radiation is
obtained: the parasite introduces the points a
and B into the construction.

The construction also applies for meridional
diagrams. It is sufficient to adapt it following
the indications of the general equation (17).
However, the geometrical construction then
becomes less convenient, and calculation may
be preferred.

It should be noted that the radiation-vector
in Fig. 5 is of a length which measures 1|f|
and not [f/, for reasons of convenience: this
avoids the necessity of doubling the lengths oM,
as would be required in eqn. (20). However,
fl may be obtained directly by measuring the
lengths om, with the half radius of the base
circle taken as unity, instead of taking the
radius itself as unity.

6. Mean Quadratic Value of the Field

To define the radiation in the equatorial
plane, one introduces the mean quadratic value
of the field in this plane, given by the relation:

S7R

1 2 1
E, = l:—'szdv :| ......... (28)
27 )o

E., is therefore the radius of the circle possess-
ing the same area as the surface, determined by
the actual diagram of radiation in the
equatorial plane.

To calculate E,, the following expression is
obtained from eqns. (18) and (20):

2
ER= (gr(—)l) . (v, 0)2

) <601>2 l:u'-'+32+4a cos (S cos v)+
\r /) + 40 cos [S cos (v - 8)]+
+8 cos (S cos v) . cos [S cos (v - 8)] +

This expression for E? must then be introduced
into eqn. (28) and integrated. Integration of
each of the seven terms contained within the
square brackets of eqn. (29) gives the following
results:
1 2n 1 2n

o Ju— 2 — — 3 2

Ist term: 2-), a? dv= Zna l:u:lo =a
2n

2nd term: — B dv=p?
2=),

! 1 2n
3rd term: —f 4o cos (S cos v) . dv=
2=},

4o =
— | cos(Scosv).dv
TJoe

4o 7
=—] cos l:S sin (v - 4x) ]dv
TJ o
4o [ Hin
== cos (S sin v’) dv’
TJ —jn

(where v'=v - 1x) ‘
4 n
Tu cos (S sin v') dv’ =4aJ(S)

=Jo
(Since, from a known result of analysis*,

1 Ed
- f cos (x sin v) . dv=J(x)
=Jo

where Jo(x) denotes the Bessel function of the
first type, of order zero and argument x.)

2n

4th term: zif%.cos [Scos (v—18)] .dv=
7T

* See, for example, A. Angot, “Complements de
Mathématiques,” page 369. (Published by La Revue
d’Optique, Paris, 1949.)
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5 —5+27
=< Jcos (S cos v) dv’
k11
-5
(where v'=v-29)
2 27
— =% | cos (S cos V) dv' =40] oS
T
1]
following the result of the 3rd term.
2n
5th term: QI—T-:J‘SCOS(SCOS v).cos[Scos(v - d)].

0 .dv
2n

— % [cos { § [cos v+cos -9}+

1}

+ cos {S [cos v — cos (v - 3)] }]du

= % jcos {28 cos 43 . cos (v~ 18) }dv+

0

+-2’;J<cos{2Ssin§8.sin(u—§8)}du

1}

= -fj Jcos (28 cos 43 . cos v)dv' +
1]
4 (" : :

+ = fcos (2 § sin 33 . sin v) dv’

0

(where v =v—19)
4)4 (2 S cos 38) +4J, (2 S sin 19)

2n
6th term: 2_l~r J4 cos? (S cos v) dv=

0

T
(1}

l on l 2n
= —[v] +——Jcos(2Scos v).dv=
T 0 k11 q

=24+21,.29)

2n
I j[l +cos (2 S cos v)] dv

2R
7th term: %J4 cos’ { S cos (v—9) } dv=

1]
421,28
Introducing these values for the seven terms
into eqn. (28), and making the following
substitutions::

o +p=|E[* (See Sect. 2),

2 Scos 46=A, and 2 Ssin 18=B (See Sect. 1),
one obtains the following expression, where
S. A and B are in radians:

En= ? I{[E[2+8e Ju(S) +4 12 8) +
+4J(A)+4 J(B)Y+41%,

Also, if E.= ?I . Nfmls

then |f.| gives the mean quadratic value of the
characteristic function of the radiation in the
eguatorial plane. From eqns. (31) and (32), this

gives
lfml =[‘E‘2+80 Jo (S)+4 Jo (2 S)+

+4T,(A)+4T(B)+4T e (33)
In the absence of the parasite (e=|E]=0), this
will give:
|fom| =2 3o 2 )+ (A)+To(B)+1T e (34)

from which it follows that ‘
|f| =[)8]*+8e Jo (8) + |fom " oeeee (35)
The mean quadratic value |fn] is a function of

¥0

el

20

fford

g meem o =2
-3

!
90 180 270 360 450 540

oz}
00
s
Fig. 7.—Showing the mean quadratic value of the
field for various values of the parameter L.

(a) with the parasite, (b) without the parasite.
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S and of 5. The form factor ¢ is brought in
only through the intermediary of 4 and B (see
Sect. 1), and the case is similar for |fom]|.

In Fig. 7a a network of curves for |f,| have
been traced, with S as variable and ¢ as a
parameter.* A similar network of curves for
fom| is shown in Fig. 7b. In comparing these
two sets of curves, it may be seen that the
influence of the parasite completely deforms
the curves when § is sufficiently small (in the
case of very strong coupling), whilst its
influence is less marked, although not negligible,
in the case where S is greater (during the
interval under consideration).

The curves show an undulating form with a
serics of maximum and minimum points,
displaced according to the value of the
parameter <,

The two sets of curves for If.| and |f,.| are
linked by the property that, for similar values
of the parameter ¢, the curves cut each other
at definite values of the § abscissa, inde-
pendently of the value of 5. This is borne out
by Fig. 7a, in which the small dashed points
are segments of the curves for |f,,|. This gives
the result of eqn. (35); in that equation, where

‘:fm' == Ifumi9
[E]*+8u J, ($)=0

and this condition is independent of t. It will
therefore be seen that certain diagonal distances
28 exist, shown on Fig. 7a, for which the mean
quadratic value of the field remains influenced
by the presence of the parasite, and this is true
for all forms of the rectangle.

Finally, the curves for [f,,| can give a useful
indication of the directional characteristic of
the system. It will be recalled that the value
|B] constitutes a lower limit, or even the absolute
minimum, for the characteristic function of the
radiation (Sect. 4). If the curve for |B| is
traced with the curves [f,,|, as shown in Fig. 7a,
the directivity will be most marked at the
points where the distance between the two
curves |B| and |f.| is greatest. This accords
well with the diagrams already shown in
Section 3.

7. Input Impedance
The input impedance of each of the excited
aerials, besides being of importance itself, may
be used to calculate the gain of the system.
From Fig. 1, let Z, be the self impedance

* Each curve is indicated by a numeral giving the
corresponding value of the parameter e
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Fig. 8.—Curve showing the variation in the input
impedance with the parasite for various values of 3.
(a) resistive part, (b) reactive part.

of one of the aerials, and let the mutual
impedances between pairs of aerials be given
as follows:

Z, the mutual impedance between aerials

(1) and (2),
Z, the mutual impedance between aerials
(1) and (4).
Z, the mutual impedance between aerials
(1) and (0), and
Z,, the mutual impedance between aerials
(1) and (3).
Owing to the symmetry of the rectangle, it is
not necessary to specify the other mutual
impedances; for instance, the mutual im-
pedance between aerials (2) and (3) will be z,
etc.

If V and I represent the voltage and the
current fed to the centre of one of the active
aerials, and the parasitic current is represented
by L, we have the classic relationships:

For an active aerial: )
VAL +Z,+Z,+Z.)1+Z. 1,
For the parasite :
Of.leui—4Zg[ ’

From the second of these equations, it nay

be seen that
L=-4Z,1/Z,
so that, substituting in the first equation and
putting
ZO:Z1+Za+Zb+Z‘.’x
the following relationship may be derived :
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z_:‘%:zo-ﬁz‘—) R (38)
/here Z is the input impedance of one of the
zd aerials.
3ut it is known that, for a symmetrical half-
vave dipole,
Z,=731+i42-5=284'5 £ 30°, in ohms,

......... 39
herefore
RS _goara@y 2150,
1

vhich may be expressed as

Z.—00474 (Z,y 21507 ......... 40)
hus giving:

Z=Z,+Z, ... 41)

The calculation of Z, as with that of Z, and
L., defined by the equations (37) and (40),
lepends finally on the mutual impedance, given
sy P. S. Carter (see Sect. 2). It should be

joted that Z, represents the input impedance
>f one of the active aerials in the absence of
the parasite.

The impedances Z and Z, are functions of S
and of t; however, the form of the rectangle
only comes in by means of Z, and Z, (eqn. 37).

- B80!
B80!

Fig. 9.—Curves showing the variation in the input
impedance without the parasite for various values of %.

(a) resistive part, (b) reactive part.

Fig. 10.—Showing the influence of the parasitic
element on the input impedance (L,=R_ +iX.).

The impedance Z., added to Z, to give Z,
expresses the influence of the parasite on the
input impedance and is independent of the form
of the rectangle (eqn. 40).

Putting Z and Z, in the form
Z=R+]X, Zg_ Ro+an ......... (42)

sets of curves may be traced for (R, X) and
(Ro, X,) as functions of S and with ¢ as para-
meter (Figs. 8 and 9). To show more clearly
the influence of the parasite, sets of curves are
traced separately in Fig. 10 for the values

(R., X.), where Z;=R +jX:  eeeeerns 43)

As S approaches zero, the presence of the
parasite cancels out the input impedance, and,
at the same time, the radiation |f.| approaches
zero. At the other extreme, where S approaches
720°, the parasite introduces into the input
impedance a component of the order of 10 per
cent. for R and 18 per cent. for X (these are
purely indicative values).

On the sets of curves for (R, Ry) or (X, Xo),
the same feature may be noted as for the
intersections on the curves for |fa| and |fom|
(Sect. 6). That is, when R —R,, or X=X, it
follows that R,=0, or X.,=0, by virtue of
eqn. (41). This condition depends only on §
and is independent of ¢ (eqn. 40). There are
therefore values of S for which the presence
of the parasite has no influence on the values
of R or X. The curves for R, R, and X, X,
therefore intersect one another at points with
the same abscissae S, determined by the
condition R.=0 or X.=0, independent of the
form of the rectangle. This is shown in
Figs. 8 a and b, where one can read in addition
the characteristic diagonal half-distances S.
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The corresponding gain G (v, 0) with respect to
the same array in the absence of the parasite
is obtained from eqn. (53) by substituting
If (v, 0)] for |f,/, and |f, (v, 0)] for [fom] :
f("s 0) 2 RO

. 0) R
All the expressions appearing in these two
equations have already been calculated.

As an example, expressions are given below
for the gains along the axes of symmetry of the
rectangle. (See Sections 3 and 4 for expressions
for |f| and |f,)).

731 | . .
G (35, 0)= vl [3u+2 cos (S cos $0)I* + (38) )

G (90° +15,0)=

Go (U, 0)=

= % { [3u+2 cos (S sin 40))* + (53)2)’- ....... (58)
G,(35,0)=

— 095 Ro [3a+2cos (S cos $0)FF + (48)°
=0BF - cos? (S cos 19) hoocl )
Gy (90° +13, 0)=

— 0.5 Ro [3e+2cos (S sin $0)] + (38):
=057 cos! (S sin 48) d(5Y)

For example, in the case where $=390° and
¢=1-5, it is found that:

G (36=33-7°)=1-46 db, G (90° +18)=55db
Go(39)= -2-0db and G, (90° +4d)=21 db
It may thus be stated that in certain cases and in
certain favourable directions, the gain will be
considerable, i.e. of the order of several decibels.

12. Conclusions

The analytical expressions for the principal
values are somewhat complicated and cumber-
some, but the use of curves renders their study
more easy. The curves for the variation of these
values show, in general, a wave form which is
a function of the diagonal half-distance of he
rectangle formed by the aerials, with successive
maxima and minima which are displaced
according to the parameter of the form of he
rectangle.

The diagrams of equatorial radiation show a
variety of forms, which may be interesting in
application. The form of the rectangle has a
considerable effect on the formation of the
diagrams, and, in particular, it imposes a certain
assymetry on the radiation along the two axes
of symmetry of the rectangle which does not
exist in the case of the square form. The
presence of the parasite also has a marked
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influénce on the formation of the radiatio:
For example, a very directive radiation diagrai
can be transformed by its presence in
another, much less directive, diagram. On tt
other hand, the field, in the presence of th
parasite, does not generally fall to zero alon
the directions of its absolute minima. In th
case where § approaches zero, the radiatior
as is well known, cancels out.

The directions of the axes of symmetry ¢
the rectangular array are always the direction
of extreme field, and other directions «¢
extreme field are also found. As explaine
in Section 6, Fig. 7a gives an indication fo
the directive properties of the system.

The array can give a mean equatorial gair
over that of one of its elements, of which th.
absolute maximum is of the order of 1 dl
(neglecting the aerial losses; if these are take
into account, the maximum gain will be greater,
In the unfavourable cases, which occur mor
frequently, there may be a loss of power.

The influence of the parasite from the poin
of view of the mean equatorial gain is expresseq
by calculating this gain referred to that of th
same network in the absence of the parasite
Thus calculated, the gain may attain an absolute
maximum of the order of 7 db. Setting aside
the favourable cases, the gain in question is
similarly, more often negative.

In certain cases, and in the favourable
directions, the two relative gains, defined in
Sect. 11, can have values of several decibels.
The corresponding lobes present a width (at
3db) which can be less than 30° or 20°.
In the case of quarter-wave aerials, grounded
in a perfectly conducting plane earth instead of
symmetrical half-wave dipoles, the expression
for input impedance must be divided by two,
while those for the characteristic functions of
radiation and for the relative gains remain
unchanged (these last expressions only introduce
ratios of resistance). Further, the expression
“equatorial plane” must be changed to
“horizontal plane.”

Finally, it may be shown that the results for
the relative gains can give an approximate
indication in the case of aerials shorter than
quarter-wave, grounded in a plane earth of
infinite conductivity. This is on condition that
all the aerials making up the array remain
parallel with one another and not displaced in
the vertical sense, and maintain the same
common length.
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517.512.2:621.3,018.783:621.376
In the theory of non-linearity. E. HENZE. Archiv der
i;ektrischen Ubertragung, 36, pp. 326-338, August

56.

A general formula is drawn up for the character-
stics of non-linear circuit elements. The characteris-
ics of triodes are investigated with respect to the
ormation of harmonics and mixing. The known
.pace-charge characteristic is dealt with briefly. With
hese characteristics the intermediate frequency ampli-
udes due to cross-modulation with an interfering
ignal and to undesired heterodyning are calculated
ind related to the normal intermediate-frequency
umplitudes. These results are investigated with respect
o their dependence on an applied bias, and thus on
he operating point on the characteristic. The case of
nultigrid tubes is also discussed.

523.164.85:621.396.812.5.029.62
vieteoric echoes observed simultaneously by back
icatter and forward scatter. D. W. R. McKINLEY and
A. G. McNaMarA, Canadian Journal of Physics, 34,
p. 625-637, 1956.

Simultancous observations of back-scatter and
‘orward-scatter meteoric echoes have been made by
neans of a high power 33 Mc/s pulse transmitter at
Dttawa, with identical receiving systems at Ottawa
ind at Scarboro, 337'8 km. distant. Two-way trans-
nissions, employing a low-power transmitter at
scarboro, were also used to measure absolute time
lelays. The approximate position of each meteor was
slotted from the observed time delays, which enabled
:orrections to be applied to the echo durations for
sariations in antenna patterns and other factors, and
vhich also determined the forward-scatter angle, 28,
‘or each meteor. In the majority of cases an enhance-
nent was observed in the forward-scatter duration
-elative to the back-scatter duration. The data were
fivided into a short-duration or underdense group
ind a long-duration or overdense group. Assuming
\ theoretical forward-scatter enhancement propor-
ional to sec™o, it was found that the exponent, m,
vas 173 for the underdense group and 113 for the
yverdense group.

523.164.85:621.396.812.5.029.55/62

WVave scattering and the effects of meteors on short
ind adjacent ultra-short waves. H. WISBAR. Archiv
ler Elektrischen Ubertragung, 10, pp. 343-352, August
1956.

It is established that in a frequency band approxXi-
nately 30 Mc/s wide above the limit frequency for
srazing incidence a certain residual ionization favours
‘he occurrence of scatter waves. The intensity of this
ionization depends on the diurnal and seasonal
satterns of the E-layer and F-layer concentrations.
For higher frequencies the only reflections of scatter
wvaves are those due to the “background effect”,
issumed through correlation to be directly related to
‘he incidence of sporadic meteors. The continuous
urbulence of the ilonosphere adds to the reflecting
power of the very minute ionization caused by
meteoric dust. A contribution to the effect from a

A selection of abstracts from European and
Commonwealth journals received in the Library
of 1he Institution. All papers are in the
language of the country of origin of the journal
unless otherwise stated. The Institution regrets
that translations cannot be supplied.

steady, if weak, corpuscular radiation at the poles
and the magnetic equator is not out of the question.
In the course of the investigations two different cases
are established, in which ionospherical scatter wave
propagation is disturbed by inversions. Also described
are details of the aurora effect in its influence on
scatter wave reception. An attempt is finally made to
give an explanation of the appearance of overlong
meteoric echoes. The frequency dependence of
meteoric echoes is discussed.

621.317.76
The theory and practice of a method for high accuracy
frequency measurement. G. BECKER. Archiv der
]Eégklrischen Ubertragung, 10, pp. 315-325, August

6.

A theoretical investigation of the accuracy attain-
able in measuring an unknown frequency against a
known reference frequency by means of frequency
multipliers, heterodyne equipment and electronic
counters is followed by a comparison of some repre-
sentative measuring results with the theoretical find-
ings; data are thus obtained concerning the error of
the measuring method. In the range 15 k¢/s to
15 Mc/s the maximum measuring error is 1 x 109
with a measuring time of 100 sec. For favourably
located frequencies the measuring error is lower with
the same measuring time; for 100 k¢/s, for instance,
it is found to be not more than 1°4 x 10! on an
average. Averaging methods are discussed with which
measuring errors of a few parts of 10 have been
attained with the use of oscillatory filters already in
measuring times of approximately 1 sec. The
measuring results give information on the stability of
crystal clock oscillators within seconds to hours.

621-52:621.315.2
An application of automation in the cable and wire
making industry: the automatic control of rubber-
insulated cable diameter. M. GLEITZ. Onde Electrique,
36, pp. 629-633, July 1956.

Describes a system designed to control during
manufacturing the external diameter of a cable to
specified tolerances, without the necessity for any
manual action. Any departure of wire diameter from
a specified value is expressed as a voltage which pro-
vides suitable rubber-feed regulation through a speed-
variation gear control. The design of this control
equipment necessitated special attention because of the
very severe ambient conditions existing on wire-
making machines. Results are satisfactory, but there
is room for further improvements which could be
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obtained from study of gauge-control systems, statis-
tical considerations on perturbations, and loop-circuit
stability.

621-52:621.37/8
Relations between automation and electronics. F. H.
RAYMOND, Onde Electrique, 36, pp. 597-601, July 1956
The contribution made by electronics to automation
is considered in two aspects: general concepts related
to the idea of information, because an automatic
machine or process makes use of energy and of
information; technical means of transmitting informa-
tion and of ensuring that the orders contained in the
information are correctly executed.

621-52:621.37/8
Electronic controls and servomechanisms. R. LARGUIER.
Onde Electrique, 36, pp. 586-596. July 1956.

The paper gives a well-illustrated description of the
extension of electronic control application in industry.
D.C. motors and rectifier tubes are the basic elements
of electronic speed-variation systems. Requiring con-
trol signals of relatively low power, speed-variation
gears of that nature provide ideal servo system control
facilities, The author outlines how mechanical and
electric techniques form an excellent combination
towards the attainment of perfect automation: elec-
tronics providing improved means of application and
greater operational flexibility, whereas mechanical
methods guarantee perfect automaticity and accuracy.
Such a combination results in improved efficiency and
quality while bringing a large measure of simplifica-
tion and economy.

621.37/9:656.25
Track circuits, automatic apparatus on the railway.
J. WALTER. Onde Electrique, 36, pp. 606-616, July
1956.

To establish the presence or absence of a train or
vehicle on a section of the track, the rails are made
to provide an independent electric circuit. Using these
track circuits, complete protection is given to trains
working on the same line (“Automatic Block” system).
Use of electronic apparatus recently by the S.N.C.F.
has enabled the performance of track circuits to be
improved by reducing their installation and main-
tenance costs. Improvements and additions will extend
considerably automatic working on the railways.
Electronic computers are envisaged which will be able
to control points and signals in accordance with a
complicated programme and which could therefore
lead to the remote control of the trains themselves.

621.37/9:656.25
Lamouilly Railway Station: a prototype “press button”
centre featuring complete electronic track-control
circuitry. M. DUBOUDIN, Onde Electrique, 36, pp. 617-
628, July 1956.

The Lamouilly station. on the 25000 V 50 c/s
electrified section of the French Railways is a proto-
type ‘“push button” railway control centre, using
electronic track control circuits of relatively simple
construction. The system operates on normal (E.D.F.)
line-supply: general economy. and reliability of the
signalling system are specially taken into consideration.
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621.385.23/33
Correlation coeflicient of noise fluctuations in the
potential minimum of a diode (triode). H. KosMAHL.
Archiv der Elektrischen Ubertragung, 10, pp. 353-357,
August 1956.

In discussing the noise problems in space-charge-
limited discharge gaps it has been assumed that the
fluctuations of the space-charge attenuated shot
current are fully correlated with the fluctuations of
the electron velocity and its equivalent potential,
although no analytical proof has yet been offered for
this assumption. Measurements of the induced grid
noise current show, however, that these fluctuations
must be considered as chiefly uncorrelated. The
corrclation coefficient between the fluctuations at the
potential minimum at low frequencies is, therefore,
exactly calculated for a single case of practical
interest.  On ideal diodes (triodes) the correlation
coefficient lies between 0°65 and 0°75, and on practical
diodes (triodes) is considerably smaller. The use of
the correlation coefficient in calculating the induced
grid noise current is briefly outlined.

621.396.5:621.396.43
Some possibilities of standardizing systems of radio
relay links for under-developed countries. Elekiro-
tehniski Vestnik, 24, pp. 189-193, July-August 1956.
Assuming that in under-developed countries 600-
channel telephones systems are not indispensable,
technical economic and other reasons are advanced
which favour the use of frequencies of 1,700 to 2,300
Mc/s. On the basis of simplified functional schemes
the author shows that there are great possibilities in
using identical or similar sub-assemblies in radio
devices for various relay systems in this frequency
range. The discussion embodies: (1) Time-division
multiplex p.p.p.m./a.m. systems with a transmission
capacity of 24 telephone channels or several broadcast
programmes; (2) Frequency-division multiplex f.m.
systems carrying 60 or 120 telephone channels; (3)
F.M. systems with a transmission capacity of 240
telephone channels or one 625-line television pro-
gramme. The systems meet the recommendations of
CCIR Study Group IX (Geneva, 1954).

621.396.65.029.64(71)
Microwave radio project of the trans-Canada tele-
phone system. J. A, GROLEAU. Engineering Journal
of Canada, 39, 1001-1009, 1040, August 1956.
Problems of the design and construction of the
trans-Canada microwave radio system, planned for
completion in 1958, are described. The project, which
is to provide facilities for telecommunications and net-
work television, makes use of the TD2 radio relay
system. This operates in the 4000 Mc/s band, and
has capacity for six radio channels in cach direction.
Each channel can handle approximately 600 telephone
circuits, or a monochrome or colour video signal.
Descriptions are given of the terminal and repeater
equipment, and of the antenna system, which uses
horn reflector antennae. Considerations affecting the
selection of the route are detailed, and provisions
made for the operation and maintenance of the system
are also described.
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