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The latest C.P.S. Emitron Camera with 6 lens
turret—an enlirely new conception in television
which completely satisfies the exacting require-
ments of both producer and operator. It can be
seen in action for the first time at the Festival
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COMPLETE TELEVISION TRANSMITTING STATIONS INCLUDING
FILM CHANNELS, EMITRON CAMERAS, SOUND EQUIPMENT,
AERIALS, TRANSPORTABLE AND MOBILE TRANSMITTERS e
TELEVISION RECEIVERS @ RADIO TRANSMITTERS @ BROADCAST
AND COMMUNICATIONS RECEIVERS (AM. & FM) ETC.
e RADIO AND TELEVISION RELAY EQUIPMENT e VELOCITY
MODULATED OSCILLATORS e MULTIPLIER PHOTO-TUBES.

gl

Cisthel eaa’nzg British organis-
ation for the Design, Development
and Manufacture o Electronic

equipment of all kinds.

ELECTRIC & MUSICAL INDUSTRIES LTD. HEADQUARTERS: HAYES - MIDDLESEX - ENGLAND




B ¥
HilE Silertesx

CSISIONS,

WATEID !

o e g

o
e e

SILERTEX wirewound resistors are used by all Erie Silicone l)onded SILERTEX wire-

the leading manufacturers because :

* They resist moisture at extremes of temp- wound resistors are made for tem-
erature.

peratures of 200° C.

* They withstand greater overloads.

* They have high operating temperature range

, When you need power resistors which
over high ambients. <

* They are fire resistant. have proved their ability to stand up

* Wire connections are welded to the resist- . g e
afice wite, in these conditions at all Hmes,

* Low firing temperature in manufacture avoids B _ Ceds ‘s rJ ° ( u-.]~ ¢
damage to resistance winding. 'J") 9 &JJ_‘; -‘/ - ‘ J
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MILLORA WORKS, BEEVOR ROAD, GREAT YARMOUTH, ENGLAND. Cables: Resistor, Gt. Yarmouth

Factories: LONDON & GT. YARMOUTH, ENGLAND, TORONTO, CANADA; ERIE, PA., 'U.S.A.
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B.M.B.
STEEL
BALLS

from -006" DIA.
+ -000025"

We specialise in precision miniature steel balls
in a range of sizes from .006". Grade A25 are
produced to a tolerance of + .000025” and Grade
Al to a tolerance of 4 .0001” in any one given
batch. Both grades are fully A.l.D. approved and
their precise accuracy is proving the answer to
problems is many industries.

We also manufacture precision miniature ball
bearings from 5/64” to 3/16" diameter bore and
in metric sizes from Imm. bore. The B.M.B.
catalogue with complete specifications and quota-
tions can be obtained from—

Sole Selling Agents for
British Manufactured Bearings Co. Ltd.

2 BALFOURPLACE, MOUNTST., LONDON, W.i
GROsvenor 3155 (3 lines)
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for Radar, Research and Industrial Applications

tial

The cathode ray tube is now pted as an
component in all electronic equipments where it is
required to obtain a rapid indication or display of physical
phenomena. As such it forms the basis of oscilloscopes,
test apparatus, monitors, flaw det s and
other research, industrial and ications equip-
ments. The Mullard range of cathode ray tubes has now
been extended to meet all these applications.

'ous

TUBES FOR RADAR DISPLAYS.

Of particular importance among this range are the
Mullard C.R. Tubes MF31-22 (12-in.) and MF13-1 (5-in.)
both of which are designed to meet the continuous
operation and arduous conditions of service encountered
in marine radar applications. Having long-persistence
aluminised fluoride screens, these tubes are suitable for use
in P.P.I. systems.

‘SMALL TUBES FOR INSTRUMENTS

A variety of 1}-in. and 2%-in. electrostatic C.R. Tubes
with green, blue or persistent screens are also available.
These tubes are all characterised by low inter-plate
capacitances and are designed for operation with voltages
from between 800 and 1,000 volts. These features,
coupled with the fact that the tubes are fitted with
standard B9G bases and have a seated length of less than
6 ins., make them suitable for use in small, compact
oscilloscopes, and in a variety of industrial, communica-
tions and research testing and measuring equipments.
All these tubes can be obtained in versions suitable for
either symmetrical or asymmetrical defiection.

For larger equipments, a high-grade electrostatic 5-in,
tube is also available.

Abridged technical details on the tubes for radar displays
are listed below. Full data on the complete range of
cathode ray tubes is available on request.

Va2

Max. Max. v L Val
Type Description Base Screen Overall h h max. max.
Diameter Length (V) (A) (V) (KV)
(mm.) {(mm.)
MF13-1 5 radar tube with metal-backed magnesium '
fluoride screen Octal 1271.5 292 8.3 03 450 11
MF31-22 12”7 radar tube with metal-backed magnesium
fluoride screen B12A 308 471 6.3 03 400 11
C Ta—
[Mullard]
A
MULLARD LTD., CENTURY HOUSE, SHAFTESBURY AVENUE, LONDON, W.C.2
MVTI06
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Commentary

THE Joint Engineering Conference which has just been
held in London as part of the Festival of Britain
celebrations is an excellent example of the close relation-
ships which have existed for many years between the
Institutions of Civil, Mechanical and Electrical Engineers.

With the Festival as the background and with its meet-
ings held within a stone’s throw of the South Bank, th:
theme of the Conference was to record, by papers from
authers eminent in their particular spheres, “ the contribu-
tion to the advancement of civilization made by engineers
and scientists of this country during the past hundred
years " with forecasts of possible future trends.

It is well that these relationships between the Institu-
tions are so harmonious that no hint of rivalry exists as
to which of the branches of engineering has made the
greatest contribution. Indeed, as Mr. Glanville, the Presi-
dent of the Institution of Civil Engineers stated at the
opening ceremony of the Conference, there were in every
branch of engineering the three sides, civil, mechanical and
electrical to be considered, and that without taking all three
into account no balanced view could be attained.

Whether therefore the roads and piped water supplies
of the civil engineer have made a greater contribution to
the advancement of civilization than the turbine and jet
engine of the mechanical engineer or the transformer and
telephone of the electrical engineer is not important.
What is obvious is that each branch has played its part
and that all three are inextricably intermingled.

In tracing the progress from the ever-recurring date of
1851, not among the least interesting developments is the
growth of the three Institutions. The oldest of the Institu-
tions, the Civils, was founded some 130 years ago before
the industrial revolution was fully under way and was
adequate for the engineers of the day. But as the field
of engineering expanded and the inventions of such early
pioneers as Stephenson and Watt came into fuller use,
the new science of mechanical engineering was born, which
led to the foundation of the Institution of Mechanical
Engineers whose centenary was celebrated a year or two
ago. Thus matters stood until 1871 when the Society of
Telegraph Engineers was founded (which later became the
Institution of Electrical Engineers). But today widening
scope and specialization have led to the creation of a host
of institutions and learned societies, each catering for the
needs of its specialist members, many of whom are not
strictly engineers but physicists or mathematicians.

‘To Colonel Sir Stanley Angwin, K.B.E., Past President
of the Institution of Electrical Engineers was left the task
of recording the advances made in telecommunications
over the past hundred years. It is interesting to recall
that the name * telecommunication ™ was first accepted
internationally at the Madrid Conference in 1932 as ““ any
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telegraphic or telephonic communication of signs, signals,
writing, facsimiles and sounds of any kind, by wire, wire-
less or any other systems or processes of electric signalling
or visual signalling (semaphores)”. Accepting this all-
embracing definition we may look in retrospect to 1851
when visual signalling and line telegraphy were the only
applications in existence at the time. The electric tele-
graph of Cooke and Wheatstone patented in 1837, was
applied exclusively to the railways which had just come
into being, but transmission of the spoken word had to
wait until Bell’s experiments in 1875 and wireless was to
follow Maxwell's predictions of electromagnetic wave pro-
pogation in 1864 and the experimental work of Hertz in
1887 before a girdle could be thrown round the earth.

From the first telephone exchange in London in 1879
with its eight subscribers there are today in Britain nearly
54 million subscribers any one of whom, by merely raising
his receiver, may make his choice from the millions of
subscribers the world over. What is remarkable is the
fact that this enormous structure of modern telephony has
been built up with only comparatively minor changes to
those fundamental instruments, the transmitter and micro-
phone. =

Progress in that most awe-inspiring of all branches of
telecommunications, namely television, was recorded by
Sir Noel Ashbridge, Past President of the Institution of
Electrical Engineers in his paper on “ The British Tele-
vision Service.” As in so many other cases, its founda-
tions were laid upoa the vigorous research into fundamentals
which was such a characteristic of the latter half of the
nineteenth century. The several basic principles in wide
use today originated from the work of Crookes in 1879
and from the emission-type photo-electric cell of Elster
and Geitel in 1889, and mention must be made of Campbell
Swinton and his famous letter to “ Nature” in 1908 out-
lining his method of television which has such a remarkable
similarity with present day methods.

* * *

The shortage of raw materials, due, among other
causes, to the present Defence Programme is already
becoming acute and has led the Ministry of Supply to
impose a ban on the use of nickel in the manufacture of
certain listed articles as from June 22nd.

While the importance of the Radio Industry in the
Defence Programme cannot be over-emphasized, the total
quantities of the scarcer materials used by the industry
is almost infinitesimal compared with the total require-
ments of industry as a whole.

The thermionic valve is more important at the moment
than the nickel plated soda fountain and it seems essential,
if the radio industry is to make its full contribution, that
an adequate supply of these materials be maintained.

ELECTRONIC ENGINEERING



V.H.F. Common

/ ~

Aerial Working

N By E. G. Hamer, B.Sc., AM.LE.E*

IN many modern V.H.F. installations several transmitters
and receivers may be in use simultaneously at the same
station.! The first problem involved is to avoid mutual
interaction between the various pieces of equipment,
particularly from the transmitters to the receivers. This
interaction may take place in several different ways of
which radiation along common power leads, directly
through the cabinets, or via the aerials are the most
common. In this article only the latter case will be
considered, where a receiver with a wanted input signal
of the order of microvolts may have also impressed at
its input terminals a locally generated unwanted signal
of the order of volts. Although the unwanted signal will
be of a different frequency, due to its large amplitude the
receiver input stages will be unable to completely reject
it, and cross modulation or blocking may take place in
the early stages of the receiver. It is evident that aerial
filters will be required both in the transmitter and receiver
aerial feeders to (a) reduce the unwanted signals from the

transmitter at the receiver input and (b) to reduce to a
lower level the transmitter spurious outputs which may
fall near the received frequency.

. This is a technical problem inherent in the economic
design of the standard equipment, as each transmitter and
receiver could incorporate its own filters; but this would
be uneconomical when the equipment is used at a simple
station where these problems do not arise. The requisite
filters and other units would normally be supplied as
separate external units; these units differing to cater for
the individual problems involved with any particular
combinations of equipments.

A second problem occurs at large stations where the
cost of the aerials, feeders, and aerial towers or supports
form a large proportion of the total cost, and also in
cases where sufficient space does not exist for the erection
of a multiplicity of aerials. In such cases it is desirable
to combine several sets of equipment to use one aerial.
The number of aerial filters required may in some cases
be reduced if, say, several receivers operate from one
aerial. In such cases, the problem of the design of a
wideband aerial whose efficiency and polar diagram do
not vary with frequency arises. For this reason it is
usually desirable to group the equipment into fairly
narrow frequency bands, and to use each group of equip-
ment on one aerial.

The aerial layout and equipment grouping depend on
the particular operational requirements of the station
involved, but in general they may be classified as
follows:—

(a) Groups of receivers working from common aerials.

(b) Groups of transmitters working
aerials.

into common

(c) At a small station or an intermediate relay station
a transmitter and a receiver working simultaneously
using the same aerial.

In this article it has been assumed that a suitable aerial
is available with the requisite bandwidth, and a constant
input impedance over the frequency band considered. A
similar problem also exists in regard to the input circuits

* Communication from the Staff of the Research Laboratories of The General
Electric Company, Limited, Wembley.
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of the receiver, and the output circuits of the transmitter
as their impedance will vary with a change of frequency.
It is desirable that the addition of filters, particularly
branching networks, should not cause a large change .of
reactance or resistance at the junction point to the equip-
ment otherwise it may be difficult with standard designs
of equipment to match the equipment to the feeder.

If a bad mismatch does occur the equipment may be
capable of matching to the feeder but the losses will be

244

Fig la 40
Over—coupled circuit
3 db30
& 3 e
<
—«,‘ g 10
' (o) N
68 70 72 74 76 78
Mc/s
Fig. Ib
Band-pass filter
o L
62 66 70 74 78 82
Mc/s
Fig Ic
Band-stop filter 50}
w 40}
— T
30|
w w b
Al Al 20
10
(o]
7074 78 82 86 92
Mcls
Fig. 1. Receiver aerial filters circuits

increased due to the high standing wave ratio. The filter
design should be such that at a stop-band frequency the
filter performance should not be effected by the equip-
ment impedance changing from its pure resistive value at
the pass frequency.

In all the designs discussed the terminations are assumed
to have a constant resistive value over the whole frequency
range, and the measurements of insertion loss were made
between a signal generator and a test receiver whose output
and input impedances were kept at a constant resistive value
over the range of frequencies used during the measure-
ments. The input impedance of the receiver was measured
and adjusted for the frequencies used by means of a V.H.F.
impedance bridge, and the receiver was connected to the
equipment under test by means of 100ft of coaxial cable.
By using a long length of coaxial cable the test receiver
may be kept well away from stray electric fields, hence
avoiding spurious pick up; and any small variations of
input impedance tend to be swamped by the cable losses.
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Receiver Common Aerial Working

Thermally generated noise is the limiting factor in the
design of most modern v.H.F. communication receivers and,
provided the output impedance of the network feeding the
receiver is the same, the amount of thermal noise generated
will be the same irrespective of any type of passive net-
work preceding the receiver input circuits. If now, several
receivers are connected to a common aerial by means of a
passive network, and if no frequency selective network is
used, the total received signal power will be divided propor-
tionally to the number of receivers. Any communication
channel will hence have a degraded signal-to-noise ratio,
as the noise power has remained constant while the signal
power has been reduced. To avoid this degradation it is
essential that the division into a number of circuits shall
take place at some point where the signal-to-noise ratio
has been already determined. In this way the signal and
noise powers are reduced proportionally and no degrada-
tion of service in any one communication channel will take
place. Wide separation of the receiver frequencies means
that passive frequency selective networks may be used, and
in this case the degradation due to the division of signal
power does not occur. But with close frequency separa-

If the shunt capacitance is fixed, and also the cut-off fre-
quency, all other line constants can then be determined
(see Appendix ).

In the design of the low-pass filter section it has been
assumed that the shunt element consists of the valve input
capacitance only; but due to the fact that the grid input
impedance has a resistive component, extra resistance will
be shunted across the filter. This causes a progressive inss
of signal and first-stage noise along the line section and
eventually, if sufficient separating sections are in use, the
noise due to the separating valve will degrade the signal
excessively. Where a small number of separating valves
is used (say up to 10), and the filter characteristic imped-
ance is small compared with the resistive component of the
valve input impedance, this effect may be neglected. But
it is this effect which determines the maximum number of
separating valves which may be used with a given pre-
amplifier. The larger the pre-amplifier gain the greater may
be the number of receivers connected to the separating unit.

The anode load of the final pre-amplifier valve will be
the characteristic impedance of the low-pass filter section,
and this will determine the stage gain. Sufficient gain must
be available to swamp any noise due to the separafing

HT+

TT
A

_._I

fnput
from
aerial
filter

=

Fig. 2. Circuit diagram of unit for feeding 4 receivers from a common aerial

tion the filter problems are difficult technically, expensive,
and pass-band losses are large. Usually a common pre-
amplifier followed by a separating network is to be pre-
ferred. In this case the total combined signal is applied to
each receiver, and the receiver alone is responsible for the
selection of the correct communication channel, in fact
a similar state of affairs to that obtaining when each re-
ceiver has its own aerial. A broad band pre-amplifier
should be used before channel-splitting takes place, and a
grounded-grid triode stage which has an inherently low
noise-factor may be used for this purpose. In the case
of high received frequencies, or a very wide band ampli-
fier two low noise-factor amplifier stages may have to be
cascaded.

The channel-splitting may be done in several ways, but
where a large number of channels is involved, a con-
venient way is to form a low-pass filter section, with the
valve input capacitances as the shunt elements (see Fig. 2).
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valves, even if only a small number is used, and this con-
dition will determine the minimum number of pre-amplifier
stages required. If the required bandwidth is not too great
the valve anode load may be matched to the low-pass filter
input by means of a = coupler circuit. (See Appendix I).

An additional aerial filter unit may be required to reduce
the unwanted inputs to a low level, and several forms of
suitable filters are shown in Figs. 1(a), 1(b), 1(c). Usually
the received frequencies will be in one band, and the un-
wanted local transmitted frequencies in another band. The
graphs alongside Figs. 1(a), 1(b), 1(c), show the measured
performance of typical filters of the type shown, where the
wanted pass-band is 70-74Mc/s, and the unwanted stop
band 86-90Mc/s.

The choice of type of filter depends upon the pass and
stop-band requirements, the over critically-coupled circuit
of Fig. 1(a) is suitable when a narrow pass-band is required,
and a rapid attenuation outside the pass-band. Fig. 1(b)

ELECTRONIC ENGINEERING



shows a constant K band-pass filter, where the series
elements have been made into a parallel resonant circuit.
In the case shown at the pass frequency the element is
inductive, but by making the element resonant at a higher
wanted stop frequency, the attenuation at the high fre-
quency side of the pass-band increases more rapidly.
This type of filter may have one series element resonating
below and the other above the pass frequency, thus steepen-
ing both sides of the pass-band. = When such a filter is
designed for a characteristic impedance of 75 ohms a
limiting factor is the minimum practical value of the shunt
inductance which can be physically obtained with lumped
elements. It is this element which determines the minimum
pass-bandwidth which can be physically realized.

Fig. 1(c) shows a filter which uses no shunt elements, and

Fig. 3. Unit for working 4 receivers from a common aerial

has a low pass-band loss. The parallel tuned elements are
resonated at the wanted stop frequencies which may be
chosen sufficiently close together to give a band-stop charac-
teristic. The whole filter then is made series resonant at
the pass frequency by means of the centre element.
According to whether the pass frequency is below or above
the stop frequency the centre element will be a capacitor
or an inductor.

The following briefly summarizes the filter charac-
teristics :

(i) Overcoupled Circuits, narrow pass-band;

(ii)) Band-Pass Filter, wide pass-band, with resonant

elements good stop attenuation;

(iif) Band-Stop Filter, wide pass-band with low loss,

narrow stop-band.

Noise power is determined by the input circuits of the
pre-amplifier, and any pass-band loss of wanted signal due
to the filter will give a decreased signal-to-noise ratio in a
communication channel. This could be avoided by in-
corporating the filter with the low-pass splitting network;
and it would also ease the requirements of the filter design
due to the much higher characteristic impedance especially
in the case of the band-pass filter (Fig. 1(b)). Figs. 2 and 3
show a circuit diagram and photograph of a complete unit
consisting of aerial filter and unit for feeding four receivers.
The measured noise factors are as follows for the complete
splitting unit alone : —

Channel I Frequency 70Mc/s Noise Factor 11db

Channel 1I . 72Mc/s . & 8db

Channel III 5 74Mc/s . : 8db

Channel IV . 76Mc/s ' 3 11db
ELECTRONIC ENGINEERING
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If the choke input circuit as shown in Fig. 2 is replaced
by a tapped tuned circuit the noise-factor is improved by
2db due to the better matching of the input circuit of the
grounded grid stage. The use of a second pre-amplifier
would considerably improve the noise factor of the com-
plete unit, and increase the bandwidth, which in the circuit
described is limited by the minimum Q of the = coupler
circuit. Any increase of bandwith of the circuit described
would reduce the power gain of the single pre-amplifier
valve, and hence cause much larger noise contributions by
the separating valves. The cut-off frequency of the low
pass filter is 100Mc/s, and if this were increased to enable
the unit to deal with higher frequencies, due to the lower
characteristic impedance, the pre-amplifier gain would be
reduced, and a second stage would have to be added.

Transmitter Common Aerial Working

When several transmitters are working into the same
aerial the factor which principally determines the filter
design is the frequency separation of the individual trans-
mitters, and on this basis the following subdivisions are
made:—

(a) frequency separations greater than 5 per cent.
(b) frequency separations between 5 and 0.6 per cent.
(c) frequency separations less than 0.6 per cent.

A typical requirement of such filters would be that they
should give a minimum stop-band attentuation eof 30db,
and a maximum pass-band loss of 3db, and present at
the aerial junction a high impedance at the stop-band
frequency.

If the filter does not present a high impedance at the
aerial junction at its stop frequency, a large reactive
component of impedance may be present at the output
of another transmitter, and cause difficulties in matching
its final circuit to the feeder cable.

FREQUENCY SEPARATIONS GREATER THAN 5 PER CENT.

Filters for wide frequency separation may be of several
varieties and may consist of lumped elements and have a
band-stop characteristic, see Fig. 1(c), or more con-

oc
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Fig. 4. Measured loss of coaxial filters

veniently be formed by using lengths of coaxial cable.
Coaxial cable filters may consist of an open circuited
quarter-wave cable, which produces an effective short
circuit at the cable junction; this short circuit is trans-
formed to a high impedance at the aerial junction by
means of a second quarter wave cable (see Fig. 9). At
the wanted pass frequency the quarter wave stub is
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t cavity

resonated by means of a second stub which may be
either short circuited or open circuited.

If a short circuited stub is used there will be two stop
frequencies, one of which is at zero frequency, and a pass
frequency between them, giving in practice a pass frequency
below the stop frequency. When an open circuited resonat-
ing stub is used the stop frequencies will be above and
below the pass frequency which itself is the arithmetic mean

Fig. 6. Calculated imped for r cavity (k = 0.05)
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of the two stop frequencies. For reasons of economy short
circuited resonating stubs would be used for pass below
stop frequency, and open circuited stubs for pass above
stop frequency. Several such filter units may be cascaded
to form a band-stop section, or alternatively the filter may
be designed originally to have a band-stop characteristic.

Fig. 4 shows measurements made on typical coaxial
cable-type filters, and it will be seen that as the pass and
stop frequencies are brought closer together, the stop-band
attenuation remains constant, while the pass-band attenua-
tion increases. For a given pass-band attenuation this
limits the minimum separation of the frequencies, and with
the types of cable used in the frequency range 70-90Mc/s,
the minimum separation for a 3db pass attenuation is
S per cent.

This rise of pass-band attenuation, and also the maximum
stop-band attenuation obtainable are due to the losses in
the coaxial cable sections. In the ideal case the resonant
stub would present an infinite impedance across the feeder
at the pass frequency. Due to the losses, however, a finite

resistance is shunted across the feeder, and the closer the.

pass to the stop frequency the smaller the resistance
shunted across the feeder. It is this effect which gives a
minimum frequency separation for a given pass-band loss.
For the same reason the quarter-wave open circuited stub
does not present a zero impedance at the cable junction
with the feeder, and the stop attenuation is restricted to
a finite value. The stop attenuation depends only on the

AOF
Aerial -~
junction ———————_»To transmitter

Lmuj{:

30

Attenuction in db

(o] L n " "
72 74 76 78 80
Frequency in Mcfs

1 "

8 ° 84 86 B8

Fig. 7. Measured attenuation of cc;fnpled high Q circuit, with series circuit
ofi-tune

losses in the quarter-wave stub, and does not depend upon
the separation of the pass and stop frequencies. Due to
these effects the transformed impedance at the aerial junc-
tion is not infinite, but in all cases is still very large com-
pared to the characteristic impedance of the cable, and
its effect is negligible and will not effect any of the other
branch arms of the complete filter network.

FREQUENCY SEPARATIONS BETWEEN 5 PER CENT AND 0.6
PER CENT.

If in the . coaxial cable filters discussed the stub
elements are replaced by a high Q resonant circuit, a much
smaller frequency separation may be used for a given pass-
band loss. Fig. 5 shows a photograph of a circuit of the
type used, it consists of a short circuited length of coaxial

ELECTRONIC ENGINEERING



line with the open circuited end loaded by a capacitor,
enabling the physical size of the circuit to be reduced to
reasonable dimensions. The circuit is coupled to the line
by means of a coupling loop which itself forms part of a
series tuned circuit shunting the line. (Fig. C Appendix
II). By making the coupling loop itself a series-tuned cir-
cuit the separation between pass and stop frequencies may
be reduced. Fig. 6 shows graphically the calculated coupled
impedance due to the cavity as the frequency varies. At
the resonant frequency for a high Q circuit all other effects
are swamped by the coupled resistance component; but
off resonance the coupled reactance is Yhe determining
factor. The effect of the series-tuned circuit is to cause the
total reactance to become zero at two discreet points either
side of resonance points X on Fig. 6. If the series loop is
off-tuned a sufficient amount one zero reactance point can

Aeriol
40 Na 2
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Using 750 coaxial cable
All terminations 530
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Frequency in Mcfs

Fig. -8. Measured attenuvation of couxial ring hybrid

be brought much closer to the resonant pass frequency,
point Y on Fig. 6. This effect is shown by the dotted
curves-in Fig. 6, and Fig. 7 shows the measured attenuation
with frequency for a combination of such a circuit and a
quarter-wave coaxial cable. From the curves of Fig. 6
it is also seen that the minimum coupling is determined by
the Q of the coupled circuit and the permissible pass-band
attenuation.

As the coupling is reduced the zero reactance points are
brought closer to the resonant frequency, and by adjust-
ment of the coupling and the series loop two separate stop
frequencies could be provided. It would appear at first
sight that an increase in Q value would have little effect,
as the reactance curve away from resonance is only effected
to a second order by changes of Q value; but for a given
coupled resistance at resonance, a higher Q value means a
lower coefficient of coupling. This reduced coefficient of
coupling reduces the coupled reactance in proportion and
enables the zero reactance frequencies to be brought closer
to the resonant frequency. It will also be seen that the limit
the zero reactance point Y may be moved towards the
resonance point is determined by the coupled resistance
component, as eventually, if point Y is moved too far to-
wards resonance, it will be completely swamped by the
coupled resistance. . '

FR_EQUENCY SEPARATIONS OF LESS THAN 0.6 PER CENT.

With very small frequency separations the design of a
suitable filter becomes complex, and the filter itself elabor-
ate. The pass-band loss would probably exceéd 3db and in
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such cases a non-frequency selective network is more
attractive. For these close frequency separations a coaxial
ring hybrid branching circuit (see Fig. 8) may be used,
although the minimum pass-band loss will be 3db.

The hybrid ring circuit may be used as a branching net-
work whereby several sources may feed a common output,
or it may be used as a frequency selective 4-terminal net-
work. If it is used as a filter network, and all elements are
reactive its pass-band attenuation will be small. It is only
when the hybrid is used as a branching circuit that its
minimum pass-band loss is 3db, due to the losses in the
resistive terminations. In certain cases where the aerials
have both to be fed from the two transmitters the energy
usually dissipated in the termination may be usefully used;
but one transmitter will feed both aerials in phase, while
the other transmitter will feed the aerials in anti-phase.’
Fig. 8 shows the measured performance of a typical coaxial
hybrid qr, as it is sometimes known, “ Rat Race ” formed
from coaxial cable. The hybrid is seen to be a wideband
device, and it can be extended to more than two transmitters
In this case the pass-band loss will increase as the number
of input terminals is increased. A simplified theoretical
treatment of the hybrid is given in Appendix III.

Common Aerial Duplex Working

When a transmitter and receiver are working duplex the
frequency separation is usually large, and for this applica-
tion filters formed from coaxial cables may be used. The
amount of attenuation required depends upon the in-
dividual designs of the units in respect of spurious out-
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Fig. 9. Meusured performance of branching filter

puts and responses. If, say, a 40db attenuation at the-trans-
mit and receive frequencies, and a general attenuation of at
least 20db in the rest of the band is sufficient, two coaxial
cables combined as a branching filter would be sufficient,
as shown in Fig. 9, where B would be connected to the
receiver or transmitter, and C to the transmitter or receiver
respectively, and A to the aerial. This figure also shows
the measured performance of a typical branching filter,
each arm being.formed from a single section coaxial cable
In certain applications where high powered trans-
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mitters are in use the attenuation in the receiver arm at
the transmitter frequency may have to be greater than
40db; in this case a double section coaxial cable may be
used, and the stop frequency attenuation will be increased
to 80db.

Conclusions

For most passive filter requirements a unit formed from
lengths of coaxial cable would be satisfactory. In the event
of frequency spacings less than 5 per cent resonant cavities,
or a hybrid ring branching filter would have to be used.
The hybrid ring branching filter would not be suitable for
connecting more than two equipments due to the large
pass-band loss, except in special cases where multiple
aerials are in use for other reasons. Where several receivers
are to be connected to a common aerial a pre-amplifier with
a low noise-factor should be used. The number of stages
of pre-amplification depends mainly on the total bandwidth
to be received, and to a smaller extent on the number of
receivers being connected to the common aerial. If only
two receivers with a wide frequency spacing are in use a
coaxial cable type frequency selective filter could be used
more economically. This type of filter would be suitable
in the majority of cases where duplex working with a
common aerial is required.

In general with these types of simple filters the stop-band
loss is of the order of 40-45db, and the maximum pass-band
loss 3db; although in favourable circumstances the pass-
band loss will be less than 3db.

Appendix 1 L
LOW PASS FILTER o— T —o
R, = VL/C Je
L = R./7f. c
C = 1/f.Ro T
fc =5 I/TFVLC Fig. A
If C = 10pF and f. = 100Mc/s o
Then R, = 320 ohms and L = 1.2uH
XL

*“ 7 ” COUPLER SITR
See Ref. (2) and (3) where
R, = characteristic impedance of ; | _

low-pass section. TXA XCT

X. = Output capacitance of pre-
Fig. B

amplifier valve.
Xi = —RaXL/Ra 2 \/(RaRo — XLz)
Xc = —RoXL/Ro ar V(RaRo — XLz)

<«— Rp

Appendix II

Suffix L for loop
Suffix C for cavity
Coupled impedance due to cavity = (wM)?/Z.
Total Primary Impedance Z, = Ry + joLL + 1/juCL +
(wM)?*/R: + jwLe + 1/jwCe .
CLi

If kK = coupling Coefficient = M/ V LiL.
and at resonance joLy + 1/joCL = 0
joLe + 1/joC. = 0

Zyo =

Zpo = w’k*LiL.[/Rc M
S Zpo X kPR RL

Fig. C
Foer cavity and loop shown at 86Mc/s
wLe = 24 ohms = — 1/wC. and if Q=1,000 R.=0.024 ohm
oLy, = 92.50hms = —1/wCy and if Q = 100 Ru,=1 ohm

Total primary impedance may be evaluated for other fre-
quencies, and for values where series coupling loop and
cavity do not resonate at the same frequency, and results
for k = 0.05 are shown in Fig. 6.
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Appendix I,

I is the input at 4 due to Input 7
™ I, is the output at C due to Input /

If the hybrid is formed into a symmetrical circuit a simple
analysis may be applied* when:
Iy = 1/2[Isc+Ios] and Ix = 1/2[lsc — loo]
where /5 is input current when all centre connecting leads
(shown dotted in Fig. D) are short circuited together, and
I.c 4s input current when all centre connecting leads are
op;an circuited, and considering one-half of the network
only. .
If R, = characteristic impedance of cable, and
R, =R, =R,V2"
To determine /s,
Input impedance due to A/4 cable is c©
Input impedance due to A/2 cable is R,/ V2
S I =EV2/R,
To determine /.,
Input impedance due to A/4 cable is R,/ V2
Input impedance due to A/2 cable is 0o
Sl = EV2/R,
Hence Isoc = Ioo = EV2/R, .
.. Ir = 0 and attenuation from A to C is infinite
I. = EV2/R,
Input impedance at 4 and Cis R,/ V2

A N 8 7 T
e t——1—
R T TR r
COAXIAL 1\/
CABLES 4 . %
A
2 I %
——" ::T.: e ——" .
R2 ; o
SYMMETRICAL
CENTRE
Fig. D

In an actual filter the two R, resistances are combined to
give a value of R,/2 and this is actually the termination of
the aerial feeder; there is no physical resistance R, /2.

Resistances R, are combined to form a common resist-
ance R,/2 at point D, and this is a terminating resistance.
When two transmitters are combined by such a filter unit
the resistance R,/2 at D must be capable of dissipating half
the total transmitter power, unless two separate .aerials are
being fed.

Other values of R, and R, may be used, and in general
the product of R,/2 and R,/2 must be equal to R.?/2,
hence the ring may also be used as a matching network by
the choice of a suitable coaxial cable.
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Practical Methods of

Waveform Analysis :

By J. B. McMillan, M.A., B.Sc.

THERE are two different forms ef wave analysers in
common use for the determination of the amplitudes
and frequencies of the components in a complex signal.

In the first method, to be discussed briefly, the signal is
applied to an audio-frequency amplifier, which is made fre-
quency selective by the use of a circuit employing, say, a
parallel-T network of the form shown in Fig. 1. If a
signal containing a component of frequency f, is applied
to the input terminals of this network and the condition

) S
fo= 2RC

is fulfilled, there will be zero output from the network for
the frequency f,, while components of other frequencies
will develop a signal across the output terminals. When
this circuit is used as the negative feedback circuit in an
amplifier no feedback occurs at frequency f, with resulting
maximum gain, while negative feedback occurs at the other
component frequencies in the input signal causing con-
siderably decreased gain at these frequencies. Applica-
tion of this principle is found in the A.F. Analyzer, Type
1401, marketed by Messrs. Dawe Instruments, Ltd. In
this analyser, the parallel-T network is the feedback chain
from output to input of a three stage direct coupled ampli-
fier, the output of which is applied to a valve voltmeter
with an approximately logarithmic scale. The resistance
elements R are variable, controlled by a large dial directly
calibrated in frequency, while the capacitors are switched
to give a frequency coverage of 25 to 8000c/s in five
ranges. The parallel-T network provides constant percent-
age selectivity at all frequencies of 3db attenuation at
about 1 per cent off the frequency to which the analyser is
tuned. This type of instrument is used mainly for analysis
with sound level meters, vibration meters, etc.

R R
A'A —ANW
11 . 1 I__J o
o— it T
(]
2c .-T % o OUTPUT
o— < O
Fig. 1. Parallel-T network

Where more precise measurement is required the second
method of analysis is usually employed. The input signal
is heterodyned in a balanced modulator by a wvariable.
frequency local oscillator to produce from the component
to be measured an intermediate-frequency signal which is
passed to a highly selective 1.F. amplifier; the output of
this amplifier is measured by a.valve voltmeter. The
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Wave Analyser Type 705

accuracy of such an instrument is dependent upon the
careful design of the local oscillator to produce low dis-
tortion, good frequency stability and constant amplitude,
and of the balanced modulator to suppress spurious cross-
modulation products. An instrument of this type covers
the whole audio-frequency range without switching and,
by deriving the selectivity from a fixed-tuned 1.F. amplifier,
gives a constant bandwidth of a few cycles per second at
all frequencies under measurement. An instrument in-
corporating the above features is Messrs. Dawe Instru-
ments’ Wave Analyser, Type 705, of which a functional
diagram is shown in Fig. 2.

The local oscillator in this instrument is of the resistance-
capacity tuned type. Automatic amplitude control is
employed to ensure that the amplitude of oscillation is
constant as the frequency is varied and that the maintain-
ing amplifier is operated well within its linear range where
the distortion is extremely low. The capacitors in the
frequency selective circuit are variable giving a range of
frequencies from 20kc/s to 36kc/s to produce a difference
intermediate-frequency of 20kc/s with an input signal range
of 0-16kc/s. For frequency stability reasons, wire-wound re-
sistors are used in the frequency control circuit and the oscil-
lator derives its H.T. from a stabilized power supply. Con-
stancy of output amplitude is obtained by the use of a
special lamp in the cathode circuit. This gives automatic
control of gain as the output voltage tends to change by
virtue of the change of resistance of the lamp as the
alternating current through its changes. The output of the
oscillator is applied to the paralleled cathodes of the pen-
todes in the balanced modulator circuit.

The input signal to be analysed, after passing through
the meter multiplier switching arrangements, is applied to
the control grid of a single valve phase-splitter with equal
anode and cathode loads. The push-pull output obtained
is then applied to the grids of the two valves in- the
balanced modulator. If the frequency of the component
of the input signal whose amplitude is to be determined is
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fs, the local oscillator should be tuned to 20kc/s + fs.
Signals of frequencies 20kc/s and 20kc/s + 2f, only should
appear in the output transformer of the modulator with
no trace of the carrier frequency, 20kc/s + fs, provided
the circuit is perfectly balanced. In the instrument under
present discussion the reactive and resistive balancing is
arranged by means of a differential variable capacitor and
a potentiometer chain across the primary of the modulator
output transformer. Before operation, the local oscillator
signal is reduced to a minimum by these controls, other-
wise this signal will introduce errors when measurements
are made at low frequencies. Spurious cross-modulation
products are at least 65db below the maximum input
signal present and hum components at least 75db below the

-

depends on the amount of feedback and is controlled by
R,, which is ganged to the corresponding potentiometers
in the other three stages. R; is a preset resistance in each
stage while R, is one section of a four-gang variable: R;,
etc., are adjusted in the initial setting-up to give minimum
change of gain when the bandwidth control, R,, etc., is
altered. R, etc., is a panel control to compensate for
small changes in the amplifier gain which may arise when
the selectivity is changed. With the bandwidth control at
the maximum selectivity, the attenuation for the four
stages is 3db at 3c/s off resonance, 10db at 9.5c/s, 40db
at 35c/s and and 60db at 65c¢/s, which gives selectivity
comparable to the crystal filter amplifier already men-
tioned. At minimum selectivity the attenuation is 3db at

20kcfs &
F. ~ 20kefs+2Fs 20k¢/s
lj INPUT PHASE BALANCED l SELECTIVE l VALVE
INPUT @—— 20kefs ¥
AT TENUATOR SPLITTER MODULATOR AMPLIFIER VOLTMETER
20ke|s+ Fs
CALIBRATION VARIABLE STABILIZED
FREQUENCY POWER
CIRCUIT OSCILLATOR SUPPLY
Fig. 2. Functional diagram of Wave Analyser

maximum permissible signal on any of the four meter
multiplier settings.

In the Wave Analyser, Type 705, the output of the
balanced modulator is applied to the meter sensitivity
attenuator and switch and then through one stage of
amplification to the selective amplifier.

In. heterodyne-type wave analysers two main methods
are used to obtain selectivity in the amplifiers following
the modulator. One consists of a crystal filter followed by
tuned stages of amplification: the intermediate frequency
used is usually 50kc/s or 100kc/s with this type and the
selectivity curve resulting has a flat top of about 4¢/s width,
while the response is down 25db at about 10c/s off
resonance. A second method, used in the Type 705
Analyser, employs resonant circuits with positive and nega-
tive feedback arranged to give the required high selectivity.
Four similar stages of amplification are employed, each
stage consisting of a two-valve amplifier; the circuit
diagram of one of these stages is shown in Fig. 3. It is
seen that a tuned circuit resonant to 20kc/s is provided in
each stage of amplification: to ensure stability of the
resonant circuits toroidal inductances and high-capacity
silver-mica capacitors are used. Three feedback circuits are
provided from the output of the second valve of each stage.
The first is a fixed negative feedback path through R, and
R,; the feedback through this path stabilizes the gain of
each stage. The second is also a negative feedback path
from R, via R,, R;, R, R; and R,, while the third is a
positive feedback path from R, to the grid of
V, and to earth through the resonant circuit. It is
arranged that at the resonant frequency of the tuned circuijt
the amount of positive feedback is balanced by the
negative feedback. At frequencies off resonance, the
impedance of the tuned circuit is decreased and hence the
amount of positive feedback at these frequencies is less,
while the amount of negative feedback remains un-
affected. With the negative feedback thus predominating
the gain of the stage at these frequencies is much less than
at the resonant frequency. This reduction in gain is
additional to that due to the normal selectivity of the
resonant circuit and hence a very high effective Q for the
amplifying stage can be obtained. The effective Q
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20c/s off resonance, 10db at 50c/s, 40db at 180c/s and
60db at 320c/s. Thus a bandwidth variable by a ratio of -
approximately six to one is obtained. At low frequencies
maximum selectivity is usually necessary, but for fre-
quencies above 500c/s a lower selectivity is often suffi-
cient and this simplifies considerably the tuning of the
required component. The lower values of selectivity are
also desirable where there are slight variations in fre-
quency of the input signal.

The output of the selective amplifier is indicated by the
linear voltmeter. The valve voltmeter circuit is arranged to
limit on large inputs so that the indicating meter, a 0-ImA
meter, will not be damaged by occasional overloads.

Wlp L

3

20ke/s

W

| Ré
Fig. 3. Amplifier stage of Wave Analyser

The operation of the analyser is extremely simple. The
main tuning control, which controls the capacity elements
in the frequency selective circuit of the Rr.c. oscillator is
calibrated directly in input signal frequency. There is
also a fine tuning control, which is normally set at zero,
when tuning, but ts useful for final adjustment to the input
frequency. Other controls on the main panel are the
meter multiplier switch, the meter sensitivity switch, the
bandwidth control and the negative feedback control.
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Controls required for initial balancing and setting up are
located on a recessed panel below the main tuning dial.
To analyse a signal of known frequency for harmonics,
this signal is applied to the input terminals with the in-
strument controls set at minimum sensitivity. The
main tuning dial is set to the fundamental frequency
of the input signal and the meter switches adjusted to
obtain a meter reading. The instrument is then tuned
to give maximum meter reading and the voltage read.
The main tuning dial is now tuned to twice the funda-
mental frequency and the meter sensitivity increased to
obtain a reading. Again a maximum reading is tuned and
the voltage read. This procedure is repeated for the third
and higher harmonics. To analyse an unknown complex
waveform, the meter and the bandwidth control switches
are set to maximum and the main tuning dial rotated
through the entire range until a reading is obtained; it
may be necessary to adjust the meter switches to obtain

this reading. Once it is obtained, the instrument is tuned
for a maximum and the voltage read. By increasing the
sensitivity and ‘tuning through the range, it is possible to
select and measure other components; care must be taken
not to overload the meter when tuning through the com-
ponents of large amplitude already measured. When the
component frequencies are close together, it may be
necessary to make further tests with increased selectivity.
The frequency range of the instrument is 50 to 16,000c/s
with an accuracy of +3 per cent. There are four input
ranges of 0.5, 5, 50 and 500 volts maximum while the
meter sensitivity switch gives nine voltmeter ranges of 500,
250, 100, 50, 25, 10, 5, 2.5 and 1, giving a total of 36
full scale ranges from ImV to 500V. The accuracy
on voltage measurements is within +5 per cent provided
adjacent component voltages are attenuated by at least
10db below the voltage being measured. The input im-
pedance of the Analyser on all ranges is 200,000 ohms.

Electronics in Duplicating

By E. G. Gordon

FOR many years electronic devices have been playing
an increasing part in commercial printing; now, both
here and in America, they are entering into mimeographing.

Extremely good plastic stencils may be cut electronically
by a machine—the Stenafax—recently introduced by the
Times Facsimile Corporation, of New York.

Compact and simple to operate, the only visible moving
parts of the machine are two cylinders mounted on a
,Feed Screw
s

Recording
Stylus

Facsimile
Amplifier

Stenafax
Plastic Stencit

Original Copy

Fig. 1 (above).

Stenafax Stemcil Cutter

" Fig. 2 (below). Cross scction of stencil
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common shaft. Copy to be duplicated is wrapped around
one cylinder, and a vinyl plastic stencil is attached to th
receiving drum. 0

A photo-electric scanner, mounted on a carriage, scans
the original copy as it moves on the cylinder; and a
recording stylus, on the same carriage, punches minute
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holes in the stencil when the scanner “sees” black and
sends electrical impulses, which are subsequently amplified,
to the circuit activating the stylus.

The carriage is on a feed-screw, and the entire trans-
mission takes only six minutes. Over 10,000 copies, it is
claimed, can be produced from these stencils, which are
used in the ordinary manner.

In this country, Messrs. Roneo Ltd., are now operating
an electronic stencil-cutting service. The stencils, which are
of metallized tissue paper, can faithfully reproduce gradua-
tions in light and shade. They can be made directly from
original photographs or drawings. No intermediate pro-
cess is necessary.

Fig. 3. Typical reproduction by electronic duplicating

Roneo Ltd. employ similar principles to those embodied
in the Sienafax to cut their stencils. However, for thz
actual cutting an electric arc is used instead of a stylus.
The arc varies in intensity, burning away the metallizing
of the paper according to the impulses received from the
scanner.

Whereas by using ordinary methods the subjects suitable
for reproduction by stencils are somewhat limited, by
using the electronically cut variety, facsimiles can be made
of a very wide range of copy indeed. Advertisements,
layouts, engineering drawings, music, letters (manuscript,
printed or typewritten), business forms, newspaper
clippings, photographs, graphs, etc., present no difficulty.
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- A Visual Aid

for wuse in teaching

Vector Diagrams

By T. Palmer *

FOR some students, vector diagrams, as drawn in A.C.
theory, tend to have an air of unreality. They are
drawn glibly, as aids in finding solutions to problems, and
the agreement between these solutions and the answers at
the back of the book may “sell” vector diagrams to a
student, who, nevertheless, while happily going through
the motions of drawing them, remains unconvinced that
they do in fact represent relationships between voltages
and currents in a.c. circuits. In particular, some students
tend to forget the rotation of the vectors.

The writer has tried to develop a visual aid to make
the concept of vector diagrams more vivid and accurate
than some of the impressions created by his blackboard
diagrams. The help this visual aid can give the teacher
varies inversely with the standard of his blackboard work,
but the device is a complement to, rather than a substi-
tute for, the usual blackboard exposition. '

The visual part of the aid inevitably, in these days, takes
the form of a cathode ray tube. Let us consider a simple,
circuit consisting of a variable resistance and a capacitor
in series. The problem is to make something which to the
students is simply a box connected to the cathode ray
tube, on the screen of which it draws the vector diagram
for this simple circuit. The circuit of the contents of this
box is given in Fig. 3. The box is to have three sockets,
S1, $2 and S3: S1 for the applied voltage, S2 for the
voltage across the resistance and S3 for that across the
capacitor. The vector diagram is to rotate in the conven-
tional counter clockwise direction. As it slowly rotates.
and as the resistance is varied, the spokes representing the
voltages across the capacitor and across the resistance must
change in magnitude and in angular displacement from
that of the applied voltage. Since the vector diagram as
drawn on the blackboard, or anywhere else, represents a
rotating diagram which has been momentarily arrested,
our box should contain a switch to enable us to stop the
rotation. Switch SW1 in Fig. 3 performs this function.
Finally there should be some method of identifying the
spokes on the cathode ray tube.

Let us first consider the stationary pattern. The essen-
tial part of the circuit, ¥4 and V5 in Fig. 3, could per-
haps be described as a quiescent circular time-base. It
is similar to the Watson Watt, Herd and Bainbridge-Bell
circular time base described in “ The Cathode Ray Tube
in Radio Research,” published by H.M. Stationery Office.
The necessary quadrature voltages are developed by C8.
VRI1, C9 and VR2 from the 6.3 volt winding on the mains
transformer, T4. (This winding is also connected to the
heaters of all the valves.) R11 and C7 form a simple
harmonic filter as suggested by Hilary Moss, Ph.D.,
A.M.IEE., in his article °Cathode-Ray Tube Traces.
Part I1I,” which appeared in the October, 1945, issue of
ELEcTRONIC ENGINEERING. Godeck’s radial time-base, as
described on p. 76 of Puckle’s “ Time Bases,” could also
have been used; his method of developing the quadrature
voltages was preferred to that of Watson Watt in view of
its economy in transformers.

Normally ¥4 and V5 are cut off by the voltage drop
across VR7. In this condition the circle degenerates into
a spot at the centre of the screen. It can be seen that the

* Acton Technical College. -
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cathodes of ¥4 and VS5 are positive to the negative H.T.
rail, while the grids are taken down to this rail by RI12,
R13 and RI16.

For three short periods during each cycle a positive pulse
is developed across R16, from R10, which is in the com-
mon cathode circuit of the pulse-generator valves V1, V2
and V3. During these three pulses, the spot is radially
deflected, as shown in Fig. 1. In Fig. 1 (i) the spokes are
expanded laterally so that arrows may be inserted to show
the direction of motion of the spot.

In the pulse generators it will be seen that the grids of
V1A, V2A and V3A are taken down to the cathodes by

Applied voltage

Pulse derived from (a)

Voltage across the resistor

Derived pulse

Voltage across the capacitor

Derived pulse

w Jl

/ ™ Unmodulated circle  displayed
/ \ when time-base valves operate

(@) | | under Class A conditions, and
\ / pulse-generator valves are re-
move

Circle reduced to point-locus by

(@ e heavy bias on time-base valves

0 ‘ &

Fig. 1.

Pattern .displayed when bias is
lifted three times per cycle by
pulses derived from the three
voltages

Derivation of vectors on C.R.T.

RI, R2 and R3, so that there is no standing bias. For
satisfactory operation the sinusoidal voltages applied to
S1, 82 and $3 should be large compared with the grid base
of these valves. To prevent excessive grid current during
positive half cycles, the rectifiers MR1, MR2 and MR3
are used. Fig. 2 (b) shows the wave-form of the voltages
applied to the grids of the pulse-generators and Fig. 2 (c)
shows the wave form of the anode current. The wave
form of the voltage developed by this current flowing
through an anode load would be the same shape (except
for inversion) if it were not for inter-electrode and stray
capacitances.  The effect of these is well explained in
Section 12 Chap. II of “Principles of Radar,” second
edition, by the Radar School of the Massachusetts Insti-
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tute of Technology. In the present applica-
tion, it is intended to differentiate the wave-
form to produce short positive pulses. The
amplitude of these pulses depends on the
steepness of the wave front. Presumably on
account of the different effects of the inter-
electrode capacitances on different parts of
the wave front it was found easier to pro-
duce large positive pulses from a cathode,

Sinusoidal voltage

Voltage applied to grid of
p_nlse generator

A
© Current in the pulse gener-
\ // ator valve. The dotted
9 curve shows the wave-form
B for a comparatively small
sinusoidal voltage
Pulses produced by the
© different;ating circuit from °
a large sinusoidal voltage
ln| Pulses produced from a
1| small sinusoidal voltage
() == comma= —d) { R1
i R
R
u R4
RS
R7
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*) 9) R§
Cc ( R9
R10
R11
Vg R12
R13
—
ez F==-1

Fig. 2. The effect of the magnitude of the sinusoidal
voitage on that of the vector.

rather than an anode, load. C1 and R7 are the differentiat-
ing circuit for ¥1A. V2A and V3A have similar circuits.

VIB, V2B and V3B are used to couple the pulse-
generators proper, V1A, V2A, V3A to a common resistor
R10. This is also in a cathode circuit. As an alternative
we might have tried to secure positive pulses by placing
R10 in the common anode circuit of three valves working
with no bias. The application of a negative pulse would
produce a positive pulse across R10. It was not expected,
however, that large pulses could be obtained, since, in
this scheme, when a negative voltage is applied to one
valve, the other two having no bias are passing a large
current. Cathode followers are used instead. Normally
V1B, V2B and V3B will be almost cut off by the voltage
drop across R10. On the application of a positive pulse
to the grid of one of these valves, anode current will flow
and a positive pulse will be obtained across R10. This
will tend to cut-off the other two valves, but, since they
were almost cut off before, this has little effect on the
magnitude of the pulse developed across R10.

When SW1 is thrown to position 1, the quadrature
voltages required for the circular time base are developed
from the sinusoidal voltage given by an oscillator working
at a frequency slightly less than 50c/s. If it works at 49¢/s
there will be one revolution of the vector diagram per
second. This device for producing rotation is similar to
the action in a cathode ray oscilloscope working with a
linear time base, when the synchronization is not quite
perfect; in this condition the pattern tends to drift across
the screen. In the present application the drift is a rota-
tion around the screen. The arrangement is not ideal,
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Fig. 3. Sch tic and comp t values for the viswal aid

but it is simple, and it works. It is, however, fraught with
a certain danger: unless the teacher is using an oscillator
which quickly attains stability, he should switch it on half
an hour or so before it is required; otherwise there will
be two kinds of drift, and the frequency drift of the
oscillator will be particularly undesirable if the diagram
starts to rotate in the wrong direction, when the frequency
rises above 50c/s. The slow-motion aspect should be
emphasized; otherwise the bright members of the class
who have heard of the persistence of vision, will be con-
fused, and will realize that they are seeing something
which theory tells them should be obscured by a blur.

If the oscillator has one of its terminals earthed, the
transformer, T'5, is necessary to isolate the earth connexion.

So far no reference has been made to the difference in
magnitude of the three vectors. When the construction of
the unit was undertaken it was only hoped to show the
variation in the phase angles which accompanies the varia-
tion of the resistance to which S2 is connected. Now that
it has been built, it has b en found that a certain setting
of VR7 permits the unit to represent changes of magnitude
in addition. It is thought that the action is as follows: —

From Fig. 2 (c) it can be seen that for all values of
sinusoidal voltage applied to a pulse generator, above a
certain value, the change of anode current, from A4 to B,
is the same. The change of voltage across R4, in
the case of V1A, is also the same for different
values of sinusoidal voltage. The steepness of the
wave front, however, varies, since the time required
for the voltage across R4 to change from a value
corresponding to A4 to that corresponding to B, is
determined by the time taken by the sinusoidal voltage
to sweep through the grid base of the valve, and the
greater the amplitude of the sinusoidal voltage, the shorter
is this time. Consequently, the greater the amplitude of

~
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the sinusoidal voltage, the steeper the wave front, and since
the amplitude of the pulse given by the differentiating
circuit depends on the steepness of the wave front applied
to it, the greater is the amplitude of the pulse. However,
if the pulses, differing in amplitude; both bring the operating
point of V4 and V5 to the linear region of their dynamic
mutual characteristic, as shown in Fig. 2 (f) the spokes on
the cathode ray tube corresponding to them will be of the
same length.

If, however, the bias is adjusted by VR7 so that it has
the value D rather than the value C, then as shown in
Fig. 2 (g) the effective mutual conductance of the values
is different for the two pulses, and the spokes on the
screen of the cathode ray tube are of different lengths.
No doubt the relationship between spoke length and pulse
amplitude would be more linear if pentodes having a
variable p characteristic were used. However the 6C8
double triodes used behave surprisingly well. When the
phase angle is large or small, the three spokes really look
like the adjacent sides of a rectangle and the concurrent
diagonal, but when the phase angle is about 45° there is
a tendency for all three vectors to be the same length.
Apparently the curvature of the mutual characteristic is
not sufficient for this condition.

The method used for identifying the pulses is simple:
switch SW1 is thrown to position 2 so that the vector
diagram is stationary. It will be remembered that socket
852 is connected to the variable resistance; if this is reduced
to its minimum value, one spoke will decrease in length,
and will eventually disappear. The spoke which behaves
in this fashion obviously corresponds to the voltage
across the resistance. The spoke which corresponds to
the applied voltage is easily identified since when the
variable resistance is adjusted, while two spokes are
changing in length and in angular displacement from the
third one, the latter remains constant in length and fixed
in position.

In connecting the unit to the series circuit and to the
cathode ray tube, there are one or two points to be
observed. It is first necessary to ensure that the spokes
on the cathode ray tube lie in the same quadrant. When
the sockets S1, $2 and S$3 have been connected to the cir-
cuit, if the three spokes do not lie in the same quadrant,
it is only necessary to reverse the plugs in §2 and $3 until
they do.

Having secured three spokes in the same quadrant, it
may happen that we see the spoke for the resistance
voltage lagging behind that of the applied voltage. This
means that the spot describing the circle of Fig. 1(g) is
travelling in a counter-clockwise direction. To secure the
conventional pattern corresponding to counter-clockwise
rotation of the vectors, it is necessary to reverse the con-
-nexions to one pair of deflector plates. (Incidentally, the
fact that the spot must travel clockwise round the circle is
responsible for the oscillator working at a frequency
slightly less than 50c/s, if it is desired to show the vector
diagram rotating in the conventional counter clockwise
direction.)

The unit has seven variable resistances; in adjusting
them one might begin with VR1 and VR2. (If desired,
these could be made fixed resistors of a value equal to the
reactance of C8 and C9 at 50c/s.) If VRl and VR2 are
out of adjustment, the pattern on the screen, with VR7
giving bias corresponding to Class A opeération, will be
an ellipse with the major axis inclined to the horizontal.
VR1 and VR2 should be adjusted until the major axis is
horizontal or vertical. The pattern may still be an ellipse;
this should be transformed into a circle, of as large a
diameter as possible, by adjusting VR3, VR4, VR5 and
VR6. However, it is not sufficient merely to produce a
circle: a balanced push-pull circle is required, if the phrase
can be permitted. If the circle does not fulfil this require-
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ment, when the vector diagiram is rotating, the length of
a given spoke varies as it rotates. The desired condition
can be attained as follows:-

VR7 is adjusted to give a circle as in Fig. 1(g). The
spokes now appear on the circle as miniature stubs.
Switch SW1 is set to position 1: the stubs rotate round
the circle. VR3, etc., are adjusted to satisfy two con-
ditions: —

(a) the pattern is a circle of large diameter;

(b) as the stubs rotate they are always radial, and of
constant length.

Ideally, of course, the four triodes in ¥4 and V5 should
be matched; but, in the unit constructed, no trouble was
taken to check this, and no asymmetry was noticed.

Finally VR7 is adjusted, the bias is increased, the circle
collapses, and the stubs develop into spokes. It should be
remembered, however, that Fig. 2 (f) is a warning that the
bias required for representation of magnitude is greater
than that required for representation of phase angles only.
The adjustment of ¥'R7 is best done by setting the resist-
ance, to which socket $2 is connected, to give angles of
20° and 70°, approximately, between spokes; VR7 is then
adjusted until the spokes represent the two sides and con-
current diagonal of a rectangle.

It may be objected that by operating V1, V2 and V3
with cathode loads we are severely taxing the heater-
cathode insulation of these valves. So far, however, they
have not given trouble. The circuit diagram shows that
the unit has its own power pack, but it has been operated
from an external power unit which, on occasions, pro-
vided 500 volts H.T., and the heater-cathode insulation
survived. Incidentally it may be mentioned that the mean
anode current drawn by the unit is very low, since most
of the valves are pulse-operated.

The components used in the series circuit to which S1,
52 and S$3 were connected were a variable resistance of
10,000 ohms and a capacitor of 2uF. The applied voltage
was about 130 volts, supplied by a Variac.

Various alternative circuits could have been used in
designing this visual aid. A radial time base, such as that
of the Radio Research Station, could have been built
round V4 and V5. The saw-tooth voltage required can
conveniently be provided by the oscilloscope in which the
cathode ray tube is mounted. Its frequency should be
high—about 20kc/s—so that, without modulation, the
pattern on the screen is a circular blur, composed of spokes

| gofj

S|

Fig. 4. A.C. bridge used in demoxstrations with the equipment
packed so tightly together that they cannot be distinguished
one from another. The pulses developed across R10 are
applied to the grid of the c.r.0. and the brightness control
is turned down. This method works satisfactorily, but
it only represents phase angles, not magnitudes of vectors.
Alternatively, three cathode ray tubes could be used,
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each  tube having its own radial time base. Each tube
displays one vector. The three voltages from the series
circuit are each applied to one of the radial time bases,
and the quadrature voltages are developed from them.
Only one pulse generator is required, fed from the voltage
applied to the series circuit. This pulse is applied simul-
taneously to the grids of all three cathode ray tubes. With-
out pulse modulation, and with the brightness control
turned up, each cathode ray tube displays a circular blur,
the diameter of which is proportional to the sinusoidal
voltage applied to the radial time base. With pulse modu-
lation, and with the brightness control turned down, each
cathode ray tube displays vectors correctly represented in
magnitude and in phase displacement. On account of its
extravagance, this method has not been tried, but it may
well be the most simple method if a high degree of
accuracy is required.

The unit shown in Fig. 3 was built to represent vector
.relationships in simple circuits, but it is thought that it
could well be used for more complex arrangements such
as A.C. bridges, provided that the arms of the bridge are
not of unduly high impedance, so that they are not affected

too much by the connexion of the primaries of 72 and
T3 to them. In this application one may connect S1 to
the applied voltage, and §2 or §3 to points B and D of
Fig. 4, and show that the vector BD disappears at balance,
or, more instructively, one may connect S1 to the applied
voltage, §2 to the arm 4D and S3 to the arm AB as 1n
Fig. 4. When the adjustments to the bridge are such that
the vector for AB and that for 4D coincide, and are of
the same length, the bridge is balanced. When a bridge
has been adjusted so that the vectors have the same phase
angle, if it is desired to show how adjustments to the
bridge vary the magnitude of the vectors, it may be con-
venient to turn one vector through 180° by reversing the
connexions to S2 or S3.

The circuit shown in Fig. 3 was the result of some
thought and experiment, but the values of the components
were not carefully chosen. Many of the components were
chosen from those available when some tag-panels from
surplus equipments had been stripped. The values are
not critical, and others who may wish to build the unit
should have no difficulty in persuading it to draw their
vector diagrams for them.

A Judgment Box

By W. H. Alexander, B.Sc., A.Inst.P. *

DECISIONS are often made in such a simple manner

that the mechanism involved is scarcely given a
moment’s thought. In general, however, a decision is
reached only after due consideration has been given to the
weight or importance of each of the distinct factors which
influence it and it is only when one of these factors is of
overwhelming importance that the decision resolves itself
so simply. The question “ Shall I build myself a house? *,
for example, is settled immediately if one of the factors
is that one has no money and no prospects of obtaining
any.

The principal difficulty in making a decision lies not so
much in estimating the relative weights of the various
factors, although this may involve decisions quite difficult
in themselves, as in ensuring that the final decision is a
true reflexion of these weights. One simple, but effective,
method of achieving this end, is to assign to each factor a
numerical quantity representing its weight, which quantity
is made positive or negative, depending on whether the
factor under consideration is for or against the proposal
to be judged. This proposal is then accepted or rejected
according as the sign of the algebraic sum of the weights
is positive or negative.

The Judgment Box described in this article is capable
of taking the weighted mean of a number of quantities and
is thus well suited to performing the above summation.
Ten channels are available to represent up to ten separate
factors; each channel having two six-way switches, one
above the other, so that the panel has twenty switches
arranged in two rows of ten. (Fig. 1). The six positions
of the upper switch represent *strongly for ”, *for ”,
“neutral ”, - “against ”, “strongly against” and “off ”,
which is the position used when no factor has been
allotted to that channel. The lower switch adjusts the
weight. When the decision is required, it is obtained by
operating a push-button and turning the urgency control
clockwise, until the pointer of the decision meter moves

* Applications Laboratory, Ferranti Ltd., Edinburgh.
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from the ‘amber sector into either the green sector to the
right or the red sector to the left, thus accepting or reject-
ing the proposal. The urgency control should not be
turned beyond a point previously determined by con-
sideration of how urgently a decision is required. If a
decision is required most urgently, or in other words if
a decision must be obtained no matter how close, then
the urgency control may be turned fully clockwise, but
if a clear or large majority decision is necessary, then the
urgency control should be turned omly a small amount.
Unless the decision is clear enough, the pointer will not
leave the amber sector, and, in the least urgent position,
only a unanimous verdict is sufficient to register as a
decision.

The circuit diagram (Fig. 2) shows that the upper switch
selects a voltage of +2, +1, 0, —1 or —2 volts (the
signs plus and minus meaning in and out of phase with
a reference voltage), whilst the lower one varies the
resistance by which the selected voltage is connected to

Fig. 1.

The Judgment Box.
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a line common to all channels. The voltage on this line
is measured by the detector and meter circuit, in which
the urgency control is merely a variable shunt, spring
loaded to prevent accidental overloading of the meter.

Considering the general channel (subscript i), the current
flowing to the common line will be

. L =i — V)G
where V; is the selected voltage, V is the voltage of the

common line and G; is the conductance of the path to
the common line. Summing this over all channels gives

n n \n
2 I = 2 Gi Z ViGi — V
i=1 i=1 i=1

n
But 2 I is the total current flowing into one point
i=1

(if the very small current taken by the meter circuit is

2 Vi Gi
i=1

neglected and must therefore be zero. So V= —

un

S0
i=1

which is the formula for a weighted mean. In the present
instrument n can have any inte-
gral value from one to ten. V;
can be +2, +1,0, —1 or —2 and
Gican be 1, 4, 4, 4, ¥/, or 0, but
these fractions could be changed
to any required values by altering
the resistors on the lower switch.

greater importance than that of a salesman, whilst on
others the places might be reversed. After the weights
have been adjusted, the members then record their votes
on their individual switches, each having the choice of
casting two votes or one vote, for or against, or abstain-
ing from voting by turning his switch to * neutral.” Thus
an abstention has the effect of reducing the strength of
the decision, whereas the “off” position, signifying
perhaps that this member is absent, completely removes
from the circuit, the channel concerned. When the votes
have been cast, then the decision is obtained in the usual
manner.

One of the most interesting ways in which the Judgment
Box can be used is in selecting candidates for employ-
ment. Some human attribute such as general appearance,
command of English or manipulative skill is allocated to
each channel and the bottom row of switches is set to
the relative importances of these attributes, having regard
to the post to be filled. If, for example, a fitter is
required, then manipulative skill would be given more
weight than English or appearance. Every candidate in
turn is then tested in all the attributes and the top row
of switches is set in accordance with whether the candidate
is very good (+2), good (+ 1), average (0), poor (—1) or
bad (—2) in each attribute. The man receiving a decision
in his favour with the lowest setting of the urgency con-
trol is the best man for the position. Alternatively, the

+2V
+V

The types of problem which
can be solved by an instrument
of this kind are many; perhaps the
most obvious being that of
making a personal decision such

a
Cs
O
o
g
5

b+ 4+

as that mentioned earlier, “ Shall
I build myself a house?” The
man who has to make this
decision might allocate the first
channel to his own feelings,
which are that, although a new
house would be desirable, he is

CGI-C
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quite comfortable at present in b
his furnished fiat. This would =
merit the position “for” (+1) in

I Icusto

Icosto

VALUE 1

the upper switch, while the lower
switch would be turned to the
most important position (1). The

| VALUE 9

IKn.

next channel, his wife’s feelings,
would have the upper. switch at
“strongly for” (+2) because
she is very anxious to have a new house. Proceeding in
this manner, he would set the switches for all the factors,
press the button and turning the urgency control to the
required level would receive the judgment. He would
build the house if ‘the pointer entered the green sector, not
build it if the pointer entered the red sector, and if it
remaihed in the amber sector he would wait until some
circumstance changed and then try again.

Taking the vote of a’ committee meeting is another
possible use of this circuit, and for this purpose the upper
row of switches would be separated from the main unit
and distributed round the conference table, one to each
member of the committee. When a vote is about to be
taken the chairman would adjust the weighting switches
to give each member the importance which the chairman
thinks he merits on the question to be decided. This

Fig. 2. Circuit diagram of the Judgment Box

best post for a given man may be selected by finding
which post, as represented by its particular configuration
of weights, gives a favourable decision with the least
turning of the urgency control.

The reader will no doubt think of numerous other uses
for a circuit of this kind and in addition will probably
notice quite a few improvements which could be made to
increase the scope of the instrument. Such an improve-
ment would be to replace the switches by continuous
controls, the upper one a potentiometer and the lower
one a variable resistor, but then a cathode follower would
probably have to be inserted between the two controls to
prevent scale distortion of the upper control due to
variations in the current drawn.

Finally, the author wishes to express his gratitude to
Messrs. Ferranti Ltd. for permission to publish this

procedure is not quite so undemocratic as it first appears, article, and to Mr. M. K. Taylor for his helpful
for on many questions the opinion of an engineer is of suggestions.
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Receiving Valves suitable for

Electrometer use

By G. A. Hay, M.Sc. *

-

THE increasing use of X-rays, radium and artificially
produced radioactive isotopes in medical and other
work has led to the need for many and varied types of
instrument for measuring the radiations involved. These
radiations comprise X-rays, gamma-rays and alpha- and
beta-particles.

Broadly there are two methods in general use . for
measuring these radiations, and both depend on their
property of ionizing gases. In the ionization chamber
method, which was the earliest historically, the ions
produced in a gas enclosed in the ionization chamber are
collected by an electric field within the chamber. The
charge per second, ie. the current, is measured, and is
proportional to the amount of energy absorbed in the gas.
In the second method, which at present is capable of much
greater sensitivity but somewhat lower accuracy and
convenience, the initial ionization in a Geiger-Miiller tube
due to the radiation is caused to produce an avalanche
of ions by collision, thus giving a pulse of current. The
average number of pulses in unit time is then a measure
of the radiation energy absorbed. A more detailed
acaount of these methods will be found in references 1
and 2.

In the former method, the ionization currents range
from 10 '® to 10°°A, and it is not practicable to measure
them directly with a galvanometer. Usually the current
is passed through a high resistance of value 10° to 10
ohms, and the resulting potential difference is measured
by applying it between the grid and cathode of a valve.

It is clear that the grid current of this valve must be
small compared with the current to be measured, and
this has necessitated the development of special electro-
meter valves. with grid currents ranging from 10** to
10-*A. This value, of course, relates to negative grid
current, which flows from cathode to grid when the grid
is too negative to attract electrons from the cathode.

Characteristics Desirable in an Electrometer Valve

For many of the applications referred to above, it is
necessary that the valve be small, light and relatively
non-microphonic, and that its power consumption should
be small so that miniature batteries in portable equipment
will have a useful life. This requirement makes a
filamentary cathode almost a necessity: in mains-operated
equipment this is still an advantage as its supply can be
most easily obtained from a stabilized H.T. source. There
has always been a dearth of special electrometer valves,
arld to the writer’s knowledge the only types available in
this country at present are of normal size or even larger.
The Victoreen Instrument Co. of America has for some
time been producing two sub-miniature types, but these
are very difficult to obtain in this country. Mullard
Electronic Products Ltd. have recently announced two
such types, but they are not yet obtainable (June, 1949).
The published characteristics of these four types are shown
in Table 1 for reference.

In general, the design of portable battery-operated
direct coupled amplifiers for the measurement of
fonization currents demands two types of valve. One is

* Rad iotherapy Centre, The General Infirmary at Leeds.
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a voltage amplifier, which must always have a low value
of grid current and preferably a large amplification factor.
Its cathode current can be quite small, of the order of
a few microamperes. This valve will form the first stage
in the amplifier, and the need for its high gain is to be
found /in the effect on the zero setting of the amplifier
of varying filament current. If the temperature of the
filament varies, due to either current or ambient
temperature changes, the average emission velocity of the
electrons will vary. This will cause a change in the
position of the space charge, which is best represented
by an equivalent change of grid voltage, and may be
regarded as a kind of zero frequency noise. This effect,
as with orthodox valve noise, is most important in the
input stage grid circuit, for there it is greatest in relation
to the signal. If the first stage has a gain of unity, as
it may well have with many types of electrometer valve,
the same problem will be encountered in the grid circuit
of the second stage, and there will be a second source
of drift of magnitude comparable to the first. The order
of this effect is remarkably constant in triodes, tetrodes
and pentodes, being about 10mV equivalent grid voltage
change for 1 per cent variation in filament current. In
the inverted triode, however, the effect is about ten times
greater, and this type, although outstanding for low grid
current, is unsuitable for general use where the effect is
likely to be of importance, and where special precautions
are not taken to stabilize the filament supply. It will
be seen that the maximum gain available in existing
electrometer valves is about four times.

TABLE 1.
VALVE _ |[FILAMENT, I, | » | &gm

Mullard ME1401 | 1.25volts | 2x107¢A | 1.8 | T0uA/V
15 mA |

Mullard ME1402 | 125 volts | 5X10A | 5 | 75uA/V
15 mA | | l

Victoreen VX34 | 1.25volts | 107A | 2 | 1504A/V
10 mA i

Victoreen VX41 | 1.25volts 83X 105A 1 | 1SpA/V
10 mA !
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The second type of valve, a current amplifier, may be
called upon to perform two functions. The first is that
of the electrometer valve in a single stage amplifier of low
sensitivity, where low grid current is necessary and a
cathode current of 100 to 200uA will enable it to operate
a robust microammeter directly. Here amplification
factor is unimportant, but a mutual conductance of not
less than 100pA/V is desirable. The second is in the
final stage of a multi-stage amplifier where the valve is
required to operate a meter but where a low value of
grid current will not be necessary.

These two ideal types are represented in Table 1 by the
VX 41 and ME 1402, and the VX 34 and ME 1401 respec-
tively, but it would seem desirable to have a much larger
amplification factor in the first type. In view of the
difficulty of obtaining small electrometer valves, it was
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decided some four years ago to investigate the properties
of ordinary receiving valves and hearing aid valves. This,
of course, has been done by many people, but the types
selected have never exactly fulfilled the above require-
ments. References are given later to the principal workers
in this field, to whom acknowledgment is due for many
of the ideas collected together here.

Factors Influencing Negative Grid Current

These were first stated by Metcalfe and Thompson,’
and at the risk of appearing tedious they will be repeated
here, as there seem to exist some misconceptions among
many who have no intimate knowledge of such valves.

These factors are:

(1) Ohmic leakage,

(a) across external surfaces

(b) across internal surfaces;

Electron currents due to

(a) thermionic emission from a heated grid

(b) photo-electric emission from the grid, caused by
incident light or X-rays;

Positive ion currents due to

(a) positive ion emission from the cathode

(b) ionization of any residual gas by collision.

They have been widely discussed in relation to the design

of new valves, but one is compelled to adopt a different

outlook when only existing valves are available. The

following conclusions have been arrived at as a result of

the work described in the next section.

Ohmic leakage is rarely insuperable. Leakage inside
the valve is, of course, entirely under the control of the
manufacturer, but if the pinch and mica supports are
kept clean and free from getter the leakage is negligible.
Only in a very few types has this leakage been trouble-
some. The use of ceramic spacers for currents down to
10 *A seems unnecessary. Leakage outside the valve can
be made as small as desired by suitable treatment.
Bakelite bases are quite unsuitable and must be removed,
but there is absolutely no need for a top cap grid
connexion. Negligible leakage (for the present purpose)
may be attained with only the spacing between the pins
of a B7G valve base, or even less, if suitable coatings are
applied to the glass. These are described later.

Electron emission from a heated grid will never arise
in electrometer valves because the power dissipation is so
small. Photo-electric emission, however, is extremely
important, a current of 107'° to 10~'*A being produced
by average daylight incident on the valve. A completely
light-tight cover is essential, even the leakage through a
small slit being sufficient to increase grid current from
107** to 10" A or more. It is also probable that the light
from an oxide-coated cathode run at its normal operating
femperature is responsible for some grid emission.
Another source of photo-electric emission has been stated
to be the production of very soft X-rays by electron bom-
bardment of the anode: this would be reduced by operat-
ing at a low anode voltage, as is described later.

It seems that positive ion currents impose the most
serious limitations on the use of ordinary valves as electro-
meters. The effects of positive ion emission from the

2

3)

Tonization by collision is a function of three main varn-
ables, potential difference across the valve, total cathode
current, and degree of vacuum. The latter is out of our
control, but although special valves may be more com-
pletely evacuated than usual, the degree of vacuum in the
average modern valve is sufficient for all but the most
exacting grid current requirements. Ionization by colli-
sion starts at anode voltages in the region of 10, although
the cumulative effect does not set in until voltages of 25
or 30 are reached. It is found, therefore, that a material
reduction in grid current results from a reduction of anode
voltage to 6 or 8 volts, and this occurs even though a
higher potential exists on the screen grid. The effect may
also be reduced simply by reducing the cathode current,
when collision ionization will be reduced in proportion.
This is desirable in a voltage amplifier, but impossible in
a current amplifier where the cathode current must be
sufficient to operate a microammeter.
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Fig. 1. Grid current and mutual characteristics of Acorn 955 : Y, = 4 volts

Selection of Suitable Valves
Before attempting to select a suitable valve type it is

cathode are usually reduced in special valves by the use # pertinent to decide exactly what it will be required to do

of a space charge grid near to the cathode, and held

a constant positive potential. This has the effect of repel-
ling back to the cathode any positive ions which may be
emitted. It may sometimes be possible to use the control
grid of an orthodox pentode in this way, but often the
characteristics of the screen and suppressor preclude their
use as the control grid. One can reduce the positive ion
emission materially by operating the cathode at a low
temperature, a condition which will also reduce photo-
electric emission from the grid. Usually a filament volt-
age of about one-half of the rated value is suitable, giving
a current from two-thirds to three-quarters normal.

-
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in the circuit. For example, if the minimum current re-
quired to give full scale deflexion is 10~*'A, and the accuracy
of indication is to be limited to =5 per cent of full scale,
(as it might in a small portable instrument), there is little
point in going to great lengths to attain a grid current of
less than about 2 x 10-'*A, although a smaller value would
not be ‘,detrimental. The important factor in assessing this
value 1s the probable change in grid current, and under
average conditions this is unlikely to be more than one-
half of its absolute value. Hence the possible change in
the above example is 10-'°A, which is 1 per cent of the
full scale current, and therefore unimportant. On the
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other hand, a full scale current of 10~**A, to be read to an
accuracy of *1 per cent would demand a grid current of
under 10-'°A, which is beyond the scope of the ordinary
valve. The performance which was eventually obtained
with one type of receiving valve was thought to be
adequate for all normal requirements.

In selecting suitable types for trial, perhaps the most
important single factor is the -ability to pass a reasonable
anode current at a low anode voltage and a value of nega-
tive grid bias sufficiently large to eliminate positive grid
current. This immediately rules out a large number of
short and medium grid base types, leaving only valves
designed for the dissipation of larger powers. Unfortu-
nately, these frequently require large filament currents,
and so the number of available valves is severely limited.
An excellent example of this difficulty is to be found in
the Acorn 955, one of the earliest types to be tested. In
Fig. 1 is shown the grid current of a single specimen at
anode voltages of 22.5, 25 and 27.5 volts, together with
the corresponding anode currents. It is clear that the
optimum grid current point corresponds to an anode cur-
rent of only a fraction of a microampere, and if the anode
voltage is increased to improve this condition the grid
current increases rapidly. Operating conditions are very
critical, and different specimens will certainly not be
interchangeable.

Experimental Details

At this point it would be as well to comment on some
practical points which have been found of importance.
Leakage across untreated glass surfaces can be exceedingly
troublesome, as glass adsorbs moisture very easily, and the
conductivity of the surface film varies with the humidity
and with the presence of electrolytes in the film. It was
during measurements on the 955 that this problem was
considered. At that time (1944) the only method known
to the writer was to coat the valve with a film of paraffin
wax. This gave very little improvement, and it was
reasoned that the wax was simply being coated over the
top of the moisture film. The valve was therefore care-
fully cleaned in alcohol and ether, dried in an oven, and

placed in an evacuated desiccator with phosphorus pent- g,
oxide. After standing for twenty-four hours, the valve was key

lowered into molten wax without opening the desiccator.
On removal, a film of wax solidified on the glass, and the
leakage was found to be very much reduced. It was rather
erratic, however, and some trouble seemed to be caused by
thick layers of wax, perhaps due to unequal expansion
giving rise to frictional charges. In addition, the wax was
very fragile.  This technique did enable results to be
obtained, but it was not until silicone coatings became
available that the final solution was reached. All valves
for electrometer use are now coated in the following way,
using ““ Teddol” compound supplied by B.T.H., Ltd. The
valve is washed in alcohol and ether, and then allowed to
stand for a day in a clean but normally humid atmos-
phere. This is absolutely essential, as the formation of the
silicone water-repelling film depends entirely on the initial
. presence of a film of moisture. The valve is then sup-
ported in any convenient way in a large air-tight glass jar,
and the uncorked bottle of “ Teddol™ placed in the jar
for about twenty minutes. The vapour escaping from the
bottle reacts with the moisture on the glass to form a
closely adhering water repelling film. It is then necessary
only to remove the valve, scrape the pins, which may have
been very superficially corroded, and use in the ordinary
way. Subsequent washing and baking, which are usually
recommended, have not been found necessary in this
application. This treatment has been found sufficient to
reduce the leakage between adjacent pins of a B7G valve
to less than 10-'*A with normally applied voltages.
The apparatus used for measuring grid currents is also
worthy of mention, as the technique is somewhat different
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from that of ordinary small current measurement. The
basic circuit is given in Fig. 2; a triode is shown, although
tetrodes or pentodes can be measured by making provision
for supplies for the other electrodes. The contacts in the
grid circuit are normally closed, and are in the form of
crossed platinum wires capable of only small separation
to minimize changes of capacitance. All grid connexions
are insulated on solid alkathene supports. The sensitive

.micro-ammeter in the anode circuit is used only for indicat-

ing small changes in anode current, and it is therefore pro-
vided with coarse and fine backing off controls. The total
grid circuit capacitance, Cg, is known for each valve,
having been measured by an electrostatic method, although
any other method of measuring a small capacitance would
serve. The valve and its grid circuit are fully screened and
enclosed in a perfectly light-tight container.

There are two ways of using this circuit. For currents
down to 10~*°A, the grid circuit switch is closed and use is
made of the 10'' ohm ‘resistor. First, the valve is set to
the required working point, and the grid current key
opened, with the grid balance voltage at zero. Negative
grid current is flowing, and the potential of the grid is
thus made more positive by the voltage drop across R;.
The anode current meter is set to a convenient point, and
the grid key released. The grid becomes less positive and
the anode current decreases. It is brought back to its

Backing oft controls
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Fine
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0-10, 1 &
1000 mV

Fig. 2. Basic circait of grid current measuring apparatus

reference position by manipulating the grid balance con-
trol,.and this voltage then gives the value of /; x R;, from
which I; may be calculated.

For currents less than 10-'°A, the deflexions thus pro-
duced are too small, and the grid current must then be
integrated over a time interval. This is done by opening
the grid switch, thus disconnecting R,, and at the desired
working point measuring the change in anode current for
a given small change, say 10mV, in grid potential. If the
grid key is now opened, negative grid current will charge
the grid-cathode capacitance so that the grid becomes pro-
gressively more positive, as indicated by an increase in
anode current. The time taken in seconds for a change of
10mV is recorded with a stop watch. From the relation
Q = V.C. we may calculate the increase of charge AQ on
the grid: AQ = AV: . Cge, 10~* . Cg, and if the
measured time is ¢ seconds, then I; = AQ/t or 10~2 . Cy/t
amperes. This method is limited in sensitivity only by the
drifts due to changing battery voltages, because if 1 becomes
of the order of minutes the change of anode current may
no longer be entirely due to grid current.

Results of Measurements

The first valve to be investigated was the Acorn 955,
(Fig. 1), and although this was used in some radiation
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TABLE 2

Vi If | Va| Ia Vg, Vg, | Vg | Ig gm | & r
RECHE M@ Ve M O O @A '(#A/w M) U I
RCA954 30 | — .| 48| 60| +05 [+45| —2 | 03x10°5 | 30 | — | — | Ig=T20A
Brimar 1C5GT | 1.0 | 60 | 16.5 2? 030 i ‘ = [|®= 10-13 300 | — | — | Triode connected
| |
Mullard DL72 0.7 20 9.0 1.0 | —2.25 9.0 0 4x1014 — — — Triode connected
04 | 15 | 90| 10| —1.15| 90| 0 | 2.0x101 — | - = ) ) |
0.7 20 6.0 1.0 | —1.35 | 10.5 0 1.5x 10714 — — — Pentode connected
07 | 20 | 60| 05| —1.42 ’ 105 | 0 | 1.2x1014 = | = ), r
0.7 | 20 | 60| 05 —LI14| 90 0 | 09x10™ — | 75 | 30 . 3
0.7 20 120 | 130 — —- 0 ca |01 — — —_ As current amplifier
l | triode connected
Brimar \sc, | 07 [ 30 | 60| 70 — 105/ 0 1014 — 1150 | 1.5 (\Half  Iga=3pA
Tungsram | 07 | 30 | 60| 140 — | 105 0 101 — 1150 | 0.75 | f Filament Ig,=6pA
Mullard DL92
14| 30 | 6080 — 120 0 | 20x10%¢ |15 | — | — | Ascurrentamplifier
| ' | Pentode connected

measurements, its operating conditions were too critical
for general use. In January 1947, Nielsen published some
results® using a 954 pentode with g, and g, as space charge
grids and g, as the control grid. These results have been
fully confirmed, but unfortunately the characteristics of the
valve so used are poor, although grid currents of 10-*°A
are easily attainable. Typical results are given in Table 2.

Soon after this a valve for use in a portable radiation
meter was required. A 1C5GT decapped and triode con-
nected was found fairly satisfactory as a current amplifier,
although the grid current was not less than 10-**A. It was
incorporated in a small radiation monitor which has since
been in constant use, and no instability due to grid current
effects has been observed. It is hoped to publish details
of the instrument later. Only two specimens of the valve
were tested, but similar results were obtained for both.
The valve is relatively bulky, and the filament drain is too
heavy for general use.

Two specimens of the Mullard DL72 hearing aid valve
were then investigated. It was this type which first showed
promise of attaining the performance required for the volt-
age amplifier referred to above. Using the valve pentode
conrected, with g, as the normal control grid, and the
anode voltage about half that of the screen voltage, grid
currents of the order of 10-'*A were observed. Table 2
shows typical results obtained at various electrode volt-
ages: the effect of varying some of the factors discussed
above may be seen. The amplification factor was such
that a stage gain of 50 could easily be attained. By triode
connecting the DL72 a current amplifier was obtained, with
a mutual conductance of 150uA/V.  The grid current
under these conditions was of the order of 10-''A,
although some instability was observed which may have
been due to the particular specimen investigated. The fila-
ment in all these measurements was operated at 0.7V, 20mA.

Although these results showed that the DL72 was very
suitable as an electrometer, it was felt that a valve with
more latitude in its operating conditions would be desirable.
This required, of course, a longer grid base, and the final
answer was found in the 3S4 or its Mullard equivalent
DL92. Two 3S4’s were first tested, a Brimar and a Tungs-
ram, both bought at random from retailers, and similar
results were obtained for both, as shown in Table 2. Subse-
quently, six Mullard DL92’s were tested, of which four were
satisfactory; one showed excessive grid current and one
had unsuitable characteristics at the low el