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Commentary
P-ri HERE can be few developments which, judged by their
I impact on human affairs, have progressed so rapidly as

has the science of aeronautics during the last half century.
During that relatively short space of time we have travelled
from the balloon and man -lifting kite to the supersonic jet
aircraft of today and much of the credit for this rapid
development, as far as British aviation is concerned, must be
given to the Royal Aircraft Establishment at Farnborough
whose Golden Jubilee was celebrated last month.

The occasion was marked by a three-day Exhibition and
Flying Display demonstrating the history of British aviation
over the past fifty years and providing, at the same time, a
glimpse into the future.

To many of us "Farnborough" brings to mind the spectacu-
lar flying display of the Society of British Aircraft Con-
structors which has become such a feature of the post war
years, but only those intimately connected with aeronautics
are aware of the activities taking place in the sprawling
buildings near the runway which form the home of the Royal
Aircraft Establishment.

Farnborough was born just fifty years ago, for it was in
1905 that the War Office moved its Balloon Equipment Store
from Woolwich to the open spaces of Farnborough Common
where the early pioneers of the heavier-than-air machines were
beginning to launch their hesitating and unpredictable con-
traptions into the sky. Impressed by the efforts of such men
as J. W. Dunne and S. F. Cody, the War Office came to the
conclusion that these flying machines might have some
advantages over the balloon for military purposes and
accordingly formed the Farnborough Air Battalion which later
became the Royal Flying Corps. And so was founded what
later became the Royal Air Force.

At that time there was no aircraft manufacturing industry
as such and the Balloon Factory was transformed into the
Royal Aircraft Factory whose task it was to produce the air-
craft required for the Royal Flying Corps up to and during
the first World War.

In 1916 it was decided that the proper function of Farn-
borough was to learn how aircraft should be designed and
flown and that the machines themselves should be made by
the rapidly expanding aircraft industry, and it was then that
the Society of British Aircraft Constructors was formed.. The
Royal Aircraft Factory eventually became the Royal Aircraft
Establishment, "The nerve centre of our efforts in the air"
as Sir Stafford Cripps described it, and thus were laid during
the inter war period, the firm foundations for that close
collaboration which exists between the R.A.E. and industry.

The same period marked the beginnings of the science of
aeronautics and the angular biplanes of 1918 gave way to
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the beautifully streamlined monoplanes of which the Hurricane
and the Spitfire were the classical examples.

Meanwhile, at R.A.E., radio engineers were preparing a
major contribution to the shape of things to come by the
successful design of new v'.h.f. radio communication systems
which, together with the newly developed radar, played such
a vital role in the Battle of Britain. Much work was also done
by them on radio control methods for pilotless aircraft out
of which has grown the present day techniques of guided
missiles.

Since the last war the pace of aeronautical development has
quickened enormously due principally to the advent of the
jet engine and it is only as we look back over the past fifty
years that we realize the tremendous advances that have been
made. The year 1908 saw the first official British flight when
S. F. Cody, at Farnborough, flew for a measured distance of
496 yards at an estimated height of 50 to 60 feet and it was
in the following year that Bleriot made his historic crossing
of the English Channel. How insignificant these appear in the
light of today's achievements when no place in the world is
out of reach of the aeroplane.

The aeroplane of today flies almost at the speed of sound
for thousands of miles and as an instrument of war it is
probably the most deadly weapon man has invented.

But, fortunately, not all the activities of Farnborough and
elsewhere have been concentrated on the military potentialities
of the aeroplane and there is at the moment the faint glimmer
of hope for a better understanding among the nations. In its
more peaceful role the aeroplane has provided a speedy and
safe form of transport and as such has conferred benefits on
mankind. It has annihilated distance to such an extent that
a journey of a few hundred miles' takes less time than the
journey to the airport by earth bound transport.

As we stand at the dawn of the next fifty years a most
exciting era spreads before us, the shape and form of which
no one can accurately predict. The sound barrier has already
been broken and soon flights across the world at supersonic
speeds will be as commonplace as the hop from London to
Paris. In this respect, Sir George Thomson thinks that "four
times the speed of sound will be enough; more would be
showing off".

New forms of propulsion and our increasing knowledge of
guided missiles open up the prospect of journeying into outer
space and in the next fifty years we may succeed in journeying
to our nearest neighbour the moon and inspecting the face
she has for so long hidden from us.

These things and more are but the shape of things to come
and they may well be practical realities by the time the R.A.E.
celebrates its centenary. In the meantime, one dares to hope
that however much faster, higher, further the future aeroplane
goes, it will do so with far less noise than it does today.
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A Commercial Electronic Calculator
By W. Woods -Hill*

Electronic calculators are moving from the laboratory stage into mass -producible machines suitable
for business accountancy. The following is a description touching briefly on the main features
common to three types of such machines, and attempts to describe how these are made to

perform the four basic arithmetic functions.

THE arithmetic unit described in a previous article' has
been used as the nucleus of three different types of

electronic calculating machines : Type 542, Type 550 and
Type 555.

The first of these has been called a multiplier because
it was designed to process data for payroll (P.A.Y.E.) and
stores, all of which involve numerous multiplications of
hours or quantity, by pounds, shillings and pence; tons,
hundredweights and quarters, etc. This machine was
capable of three basic arithmetic functions7-multiplication,
addition and subtraction, plus other special features
required on P.A.Y.E., but not division. Its main features
are listed under Table 1(a).

The second, type 550 calculator has division as a built-
in sub -routine an extra register in the arithmetic unit and
as shown by Table 1(b), thirty-six programme steps.

The third, type 555, as yet not in production, is an
advanced version of the last two, involving some 1 300
valves, magnetic drum storage and some special altera-
tions to the Hollerith card feeding mechanism, which allows
about six times the calculating time between successive
cards (with cards feeding continuously) i.e. 535 primary
cyles as against 75. This last machine fringes on the com-
puter field and will be suitable for payroll and accounting
work and yet be capable of performing scientific or
statistical computations during off-peak periods.

Logical Sequence
Excluding the mechanical card feeding and punching

mechanism, the calculator sub -divides quite naturally into
five parts; Fig. 1.

The British Tabulating Machine Co. Ltd.

(1) InputlOutput buffer stores.
(2) Main Storage Unit.
(3) Arithmetic Unit.
(4) Electronic Sub -routines.
(5) Control Unit.
Numbers obtained from the punched card mechanism

are loaded in bulk into the input buffer and from there
transferred to main storage. As and when they are required,
these numbers are selected and transferred to the arithmetic
unit. Results of these arithmetic operations are fed back
to the main store and when all have been processed, shifted
in bulk back to the output buffer. The shifting of numbers
in bulk is automatic and requires no programming.

The need for input-output buffers can be readily under-
stood when .it is realized that calculation is going on during
the entire card sensing and punching process and therefore
the main storage unit is fully occupied in supplying numbers
to the arithmetic unit. That is, at any given time (except
for a short period between cards):

(a) The input is receiving new data
(b) The AU* and MS* is processing existing data
(c) The output is feeding -out previously processed data

*AU = arithmetic unit *MS = main storage.
All these processes are, of course, being controlled by

the control unit and sub -routines.

Control Board
The sequence of arithmetic operations to be performed

such as transfer of numbers to and from MS, which sub-
routine x , ±, +, -, and the entire set of instructions

TABLE I

INPUT-OUTPUT ARITHMETIC
UNIT

STORAGE MAIN
SUB -ROUTINES

PROGRAMME
STEPS

PRIMARY CYCLES
AVAILABLE AT FULL

100 CARDS/MIN.

(a) Type 542-
238 80 column Three registers Five words Multiplication £.s.d. 30 75
Hollerith Punched
Card

14-14-9 Decimal
digits

, 2 Decimal
Addition

Gang Punch Subtraction
Column Shift
Divide £.s.d. by ten

(b) Type 550-

Compare

239 80 column Four registers Six words As above, plus 36 2(o
Hollerith Punched 10-10-10-10 Division £.s.d.±£.s.d.;
Card
Gang Punch

(c) Type 555-

Decimal digits £.s.d.±Decimal, Di -
vision decimal decimal

240 80 column
Hollerith Punched

Three registers
10-10-10

100
words

As 550 120 535

Card
Gang Punch

ELECTRONIC ENGINEERING 332 AUGUST 1955



4 S

SUB-
ROUTINES

CONTROL
UN IT

PROGRAMME
BOARD

--= Control I i nes

Numerical

Fig. 1. The five sections of the computer

required to make the machine perform its programme, is
set up on a " control panel " consisting of 2 100 sockets
into which are plugged patchcords similar to telephone jack
plugs, but only lin long by fin wide. The control board
is, in fact, only a mask about -1-in thick with sockets on the
front connected through to contacts on the back. These
make contact, when the mask is inserted into its holder,
with a similar number of springs which are fixed to the
frame of the machine and wired to the appropriate points
of the circuit.

Fig. 2 shows a drawing of a section of this " mask " or
plugboard, with one patch cord plugged -in. This arrange-
ment enables new programmes to be plugged -up on spare
boards, and inserted in place of a previous programme in
a matter of seconds.

Schematic
The block schematic of the machine (less control unit)

is shown in Fig. 3.
At the top are the input-output buffers, below this the

main storage unit and the remainder, the arithmetic unit,
consists of registers, 1, 2 and 3, divide by two, multiply by
two, adder and complementer. All these are interconnected
by three highways, A and B on the left and C on the right.
A and B are known as the " from " highway, and C as the
" to ", because any number contained in any register or
storage position, must be run out " from " its present
address along A or B via the adder and complementer

WIRING TO
MACHINE

Fig. 2. Section of a plugboard

SPRING CONTACTS ON
PLUG BOARD HOLDER

MACHINE DETACHABLE PLUG
FRAME BOARD

PATC H

along C " to " its future address. The usefulness of having
numbers automatically routed via the adder like this is
apparent during programming because the two most com-
monly used instructions in most calculations, add and
transfer, need not be programmed on this machine.

For example, to add the contents of register 1 to that
of register 2 and place the sum in register 3 (X Y = Z)
one needs but specify:

From R, on A
From R, on B
To R,

which is three plugs.
" On A, On B", is simply specifying which highways

each number should use.

From card sensing

Highway's A

IWO

BUFFER
IN

BUFFER
OUT

MAIN STORAGE

REGISTER I (MR)
(DO) (0)

X2

REGISTER 2 (MG)
(DR)

REGISTER 3 (P)
(R R)

COM -

NT

G

A
ADDER

To cord
punch

Highway

C

Fig. 3. Arrangement of the machine

This operation would only require one primary cycle,
i.e. one addition time because the contents of R1 and R2
appear at the same time, on both highways, merge and
add in the adder, the sum appears simultaneously on C
and runs into R,.

To transfer R, to R, is the same as saying X + 0 = X
which involves the same instruction as before, but the
address of R, is left out, i.e.:

From R1 on A
To R,

From the foregoing it can be seen that the machine is
based on a multi -address code, though the word code is
not strictly applicable to a plugboard controlled machine.
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To subtract R, from R, and place the result in R,
requires the same routine as addition but with one extra
instruction " Complement ".

i.e. From R, on A
From R2 on B
To Rs
Complement

The effect of instruction "Complement" is to remove the
by-pass around the complementing circuits (gate G Fig. 3)
so that they are now brought into effect. This automati-
cally translates any number from " true " at its input
terminals to its 10's complement at its output and passes
it on to the adder. That is: -3 + 5 = 2 would become
(complement of 3 is 7), 7 + 5 = 12 ignoring the one carry
the answer is correctly 2.

Though all examples have shown numbers being drawn
from registers, the same principle of addressing applies if
one of the factors is drawn from the main storage.

i.e. From MS17
From R.,
To R,

Multiplication
Because of the inherently complex sequence of events,

multiplication is controlled by a sub -routine which takes
charge of the whole affair and is simply called into life by
one instruction plug, " Mult ". As explained in a previous
articles, multiplication is done by doubling the multipli-
cand (register 2) and halving the multiplier (register 1)

simultaneously, and at each stage, transferring the contents
of the multiplicand (R2) out to the product (register 3)
if, and only if, the value in R, is an odd number at that
stage.

For example:
8 x 3 =- 24
MR(R,)

8 (even)
MD(RZ)

3

PROD(R,)
No transfer 0

Halve 8= 4 (even) Double 3= 6 No transfer 0
Halve 4 = 2 (even) Double 6 = 12 No transfer 0
Halve 2 = 1 (odd) Double 12=24 Transfer 24-->

24

In this example no transfer to product occurred until
the last cycle, but a different multiplier value could have
produced partial products which accumulating in the
product register would produce the right answer on the last
cycle. The need for x 2 and boxes is now clear. This
system is equally applicable to irregular scales of notation
such as £ s. d., t. cwt. qtr., Rupees, Annas, Pies, as long as
these are entered into the MD (R2) register.

Because the growth of numbers follows a geometrical
progression, the answer to quite large. multiplications take
a surprisingly few cycles. For instance, the answer to
999 999 999 x 999 999 999 would take 33 addition times
(cycles).

Divide by Ten Circuits
Because the MR is only capable of multiplying by whole

numbers and ignores any decimal points, the product of
10.5 x £1 0 0 will appear as £105 0 0 and must be divided
by ten to give the correct answer.

Had there been two figures to the right of the decimal
point, divide by ten would have been carried out twice
x/100,

three figures = x/ 1 000 etc.
Note that this does not simply involve one column shift,

but a different set of figures.
This is achieved by making use of the x 2 box and the

adder in the following way. The relation between pounds
pounds sterling .

10
is:sterling and

£1 + 10 = 2/-
£2 = 4/-
£3 = 6/-
£4 = 8/-
£5 = 10/-
£6 = 12/-
£7 = 14/-
£8 = 16/-
£9 = 18/ -

That is, the figure of pounds times two expressed in
shillings (shifted to the shillings column) is the correct
answer.

A similar relation exists between shillings and
Shillings

10

d.
1/- - 10 = 1.2
2/ - = 2.4
3/- = 3.6
4/- = 4.8
5/- = 6.0 = 5 + 1.0 = 5 + 10/10
6/- = 7.2 = 6 + 1-2 = 6 + 12/10
7/- = 8.4 = 7 + 1.4 = 7 + 14/10
8/- = 9.6 = 8 + 1.6 = etc.
9/- = 10.8 = 9 + 1.8

that is, the figure of shillings expressed in pence plus twice
the same figure expressed in tenths of a penny.

Note that though the sequence of tenths of pence appears
to break at 5/-, the figures (grouping the pence with the deci-
mals of pence) remain truly twice the figures in the shil-
lings column. Thus it suffices to make use of already
existing doubling and adding circuits and arrange that
correct column shifts occur while the £ and 1 /- are moving
through the adder to achieve the division of sterling values
by ten. The time taken to divide the contents of a register
by ten, once, is one addition time.

A second use of the divide by ten arrangement is to break
£10 10 Od.s. d. down to pence, i.e.

1 000
= £00 0 2.520d.,

ignoring the decimal place gives 2 520 pence. As explained
later, this feature is used when sterling by sterling division
is required.

Division
Division is also controlled by a sub -routine marked

" div. "
The principle used is straightforward over and over sub-

traction with decimal column shift.
To divide 248 by 124 = 2
Place 248 in 121 with its highest digit !ady to come out

on to highway B.
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Place 124 in R2 with its lowest digit ready to come out
on highway A (Fig. 3).

This is equivalent to placing the numbers like this:
(R3) 0000 00248 (R,) (Q)

12400 (R2)
Now by making use of the complement box attempt to

subtract R2 from R, and place the result in R3. The result
is immediately a negative (12400 into 00248 will not go,
but to find this out the machine had to make the subtrac-
tion) so as soon as the number in R, goes negative, add
back once to restore.

Clock up zero in the Temporary Quotient counter (this
is a simple one stage device in the control unit) and shift
contents of R, up one decimal place.

The numbers now look like this:
*

(R3) 0000 02480 (R,) (Q) = 0
12400 (R2)

The zero clocked up in the Temporary Quotient counter
must be moved out to make room for a possible input
during the next series of subtractions. There is no need
for a fourth register to hold this quotient because a blank
digit position (marked with an asterisk) has been provided
by R, being column shifted up one and the quotient digit
is parked in there.

The cycle is repeated and our example would look like
this:

(R,) 0000
**

24800 (Ri) (Q) = 0
(R2)12400

Notice that the quotient tagged on to the bottom of the
dividend (*) is column shifted along with the rest.

During the next sequence a successful subtraction is at
last achieved (twice) before the dividend goes negative and
the numbers would look like this:

***
(R3) 0000 00002 (121) Q = 2

12400 (R2)

with the dividend number in R, replaced by the quotient.
This is a deliberately simplified explanation. The machine

would take, assuming the worst case, 100 addition times
to give a 10 digit quotient.

It is possible to divide numbers with irregular scales of
notation, such as, £ s. d. £ s . d. = decimals.

£ s d. ± decimals = £ s. d.
by breaking down the sterling values into pence before
divding (as previously explained by using the divide by ten
routine), and where a sterling quotient is required, building
the pence answer into £ s. d. by multiplying the quotient by
10', with the standard multiplication sub -routine.

The value of n of course will depend on how many times
the original sterling dividend had been divided by ten to
ensure it was wholly expressed in pence.

Notation
Though Fig. 3 shows the highways round the machine

as a single line, there are in fact four for every line shown.
These four lines are allocated the values 1, 2, 4 and 8.
The registers are also groups of 4, and as shown in Fig. 4
have the value 1, 2, 4, 8 down the Y axis and units, tens,
hundreds, thousands, etc., along the X axis. Each square is
an Eccles -Jordan trigger so connected to the next on the
left that a pattern of "set" triggers will move left, one stage
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Fig. 4. Notation used in registers
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(one decimal shift down) every time one pulse is applied
to the register. In Fig. 4 if the asterisks are assumed to
indicate that a trigger is set, then the pattern represents 125.
i.e. Binary 0001 in the hundreds column = 100

0010 tens = 20
0101 units = 5

This form of notation is known as sequential parallel.

Magnetic Storage Drum
The techniques for storing digital information by mag-

netizing localized areas on the surface of a drum are now
well known. The drum used here differs a little from
accepted techniques in that instead of oxide coating or
nickel plating the surface, a helix of 0.004in stainless steel
wire has been used. This helix is not wound at the same
pitch right along the length of the drum, but is grouped in
bunches of tight turns of 0.004in pitch and interspersed
with gaps of one turn in kin. The bunches are kin wide and
are arranged to coincide with the location of a recording or
reader head. (Fig. 5.) The effect of these gaps in the record-
ing media is to reduce crosstalk from track to track. The
body of the drum is made of non-magnetic metal.

The " winding -on " of the wire is simple and involves
starting at an anchor post, spinning the drum 30 revolu-
tions to make the first track, with the wire acting as its own
laying guide, moving the feed point of the wire kin onwards
and spinning the drum another 30 revolutions and so on,
the wire is kept under tension the whole time and finally
anchored at the second binder post. No form of adhesive
is used, the friction with the surface being quite adequate
to keep the wire in place, even at drum speeds twice that
normally in use (3 000rev/min). The tracks are electrically
in groups of four to keep in line with the notation used
in the arithmetic unit, i.e. track 1 records ones, 2 twos, 3
fours, and 4 eights. Calling a storage location calls all
four tracks at a time. There is no loss of packing density
over the more usual single track systems because the word

Fig. 5. The magnetic storage drum

RECORDING HEAD

DRUM 004in STEEL WIRE
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To and
from

machine

Erase

Fig. 6. Arrangement of erase, record, read heads

is one -quarter the length. " Non -return to Zero " record-
ing is used where only the change from 0 to 1 or 1 to 0
produces an output.

Input -Output Buffer
The buffer stores consists of four tracks of short read-

write, with four recording and four reading heads spaced
100 digit times apart round the periphery of the drum, a
permanently energized electromagnet erases the tracks just
in front of the recording heads (Fig. 6). Any information
sent to the recording head is picked up 100 digit times later
and regenerated back to the recording head. This ensures
that the contents of the buffer store is available once every
6.2/3msec. The first 50 digits of these 100 are devoted to
the input, the latter 50 to the output buffer.

This short access time is necessary because the active
part of any one mechanical index point on the card sensing
and punching mechanism is only available for some 10msec
with cards feeding at 100 per minute and any one of the
100 digits might have to be read in or out, which requires
that the whole contents of the buffer stores be reviewed
during any index point. Waiting for the drum to complete
one revolution would require 20msec and is too long.

Progranuning
Within the control unit are 120 Eccles -Jordan triggers

connected as a single line shifting register (Fig. 7). Each

Fig. 7. Single line shifting register

'Operation Complete
Pu se

120

CF
Programme
step 1

Programme
step 2

etc
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From R

Highway -

-90V

trigger is connected via a cathode -follower to a bank of
six or more selenium diodes. Each one of these diodes is
connected to a socket on the control panel. Each bank of
these sockets is marked Programme Step 1, Programme
Step 2, etc., to 120.

Before the start of calculation the first trigger is set.
This raises the grid and hence the diodes connected to the
cathode of the cathode -follower (CF), from -50V to OV.
lf, as shown in Fig. 7, a jumper had been plugged from one
of the PS, diodes to the socket connected to the control of,
say, gate " from R,", then the paralysing bias normal to
this gate would have been superseded by the programme
step voltage. Should trigger " 1 " be reset and trigger " 2 "
set instead, then gate " from R," will close and whatever
instructions are connected to PS, sockets would be obeyed.
PS, trigger would then reset and PS3 would set and so on.
To reset one trigger and set the next requires the applica-
tion cf a pulse to a line marked " Operation Complete ".
This "operation complete" pulse is generated by every sub-
routine called and is
naturally the very last
pulse of that sub-
routine. Thus it is not
necessary to instruct
the machine to stop one
operation before start-
ing the next, this will
happen automatically.
More than one socket
is provided to the
" from R," gate be-
cause this may be called
many times during com-
putation, as indeed may
any of the addresses
or functions. Fig. 8. A plug-in "turret"

Construction
The circuits are built on turrets " which plug into

sockets fixed and wired to the main frame. As can be seen
by Fig. 8, they contain two valves (12AU7) in the centre,
with the components mounted on tag boards on the outside.
Flexible wires run from the circuit elements to an 18 -way
plug which is hinged at one end to allow access to the
valves and back of the plug. When the plug is hinged down
into place, two lugs lock into holes in the body of the
turret. This form of construction gives unhindered access
to the components for assembly, forms a column for air
flow over the valves when the turrets are mounted vertically
one above the other, and being pluggable packaged units,
allow rapid replacement for servicing.

A machine will contain between 600 to 1 000 (depending
upon type) units, but not all these will contain valves. In
some cases a valve position will be used for a transformer
and on others for a potentiometer. These 600 to 1 000
turrets are divided into 30 to 50 different types, the largest
number of the same type being about 100, the next 70, and
so on downwards, to the " one off " variety, the master
oscillator being a good example of this.

Fig. 9 shows a typical frame used to mount these turrets.
This one has six gates, all hinging like the leaves of a book
to give access to both sides. Only four are visible in this
photograph because they have been opened to show the
rows of turrets in position. The right-hand gate has a few
blank positions showing the sockets on the frame.

Each gate has a centrifugal air fan blowing into a corn -
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Fig. 9. A typical frame for mounting the turrets

Fig. 10. A front view of the calculator

Fig. 11. An aerial view of the type 550 calculator

pression chamber running along the base. Deflectors and
slots ensure an even distribution of air to each row of
turrets. Fig. 10 shows a front view with one of the metal
dust covers in place. Along the base, two of the power
units drawers are visible with four grid -controlled thyra-
tron rectifiers in the foreground. These power units can be
withdrawn by means of the handles provided and are con-
nected to the machine by multi -plug and sockets. Imme-
diately above this is the plugboard with some patch cords
in place. Above this can be seen the banks of selenium
rectifiers associated with the programme sockets. These
rectifier banks are individually held by clips so that any
one can be removed without disturbing the others. Between
these and the display panel at the top, is sandwiched a
small but very useful group of switches, which enable the
routine of the machine to be broken down into convenient
sections. For instance, any selected sub -routine can be
made to repeat continuously to enable an oscilloscope
analysis of the waveforms to be made. There are three
speeds of operation available, fast-slow-manual, which
give 14kc/s, 1 to 200c/s (variable), and a key which will
give one impulse each time pressed. These switches com-
bine with others such as single programme steps, single
cycle, (one addition time) and others, to enable the complex
routines to be broken down under control, for testing and
servicing. The display panel at the top consists of many
hundreds of NT2 neons which are connected to every
major circuit in the machine. This neon display has been
deliberately laid out to look like the block schematic of
the arithmetic unit.

If a neon indicates that a particular circuit is misbehav-
ing, the general location on the diagram is immediately
apparent because of the similarity in layout between the
schematic and display. Once the exact turret is located on
the diagram its physical location is given by lettering of the
following form.

1A3.
This means it is the first gate-row A-3 in from the left

side.
The aerial view of the Type 550 Calculator in Fig. 11,

gives an indication how a control board can be removed.
Lifting the handle causes the board to be pushed clear of
the spring contacts and banks it outwards so that it may be
withdrawn upwards along the guides. Lowering the handle
returns the board to intimate contact with the springs,
ensures correct registration, and locks it in position.

The air inlet grilles are located towards the centre so that
most of the air demanded by the gate blowers will be drawn
in over the power units. A multi -contact plug is used to
connect the calculator to the card feeding and punching
mechanisms.

Conclusion
The instruments described are of moderate proportions yet

capable of handling the problems of modern business
accounting, with a very much greater speed and flexibility
than has hitherto been possible using electro-mechanical or
hand methods.
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A Scanning -Coil
for an Off -Centre P.P.I. Display

By G. W. Harvey*, B.Sc., A.M.I.E.E.

A description is given of the design, construction and performance of a scanning -coil developed
specifically for a radar p.p.i. display having the facility of off-centreing.

IN the production of radar plan -position indicator (p.p.i.)
displays, as in the case of television, both electrostatic

and electromagnetic scanning systems have been used. The
accuracy demanded of p.p.i. displays is normally high com-
pared with commercial television practice where low initial
cost is in general a more important consideration.

The accuracy which can be obtained with electrostatic
scanning is limited by the accuracy of alignment of the
deflector plates of commercially -available cathode-ray
tubes. In the case of electromagnetic scanning, the accuracy
can be " built into " the scanning -coil and can be as high
as considerations of efficiency and initial cost permit.

Considering electromagnetic scanning for a p.p.i. raster,
two basic methods may be recognized. The first may be
termed polar scanning. In this case, the radial component
is produced by a single -axis coil, and the rotation of the
radial scan is effected by mechanically rotating the coil. The
second method may be termed cartesian scanning. In this
case, two orthogonal windings are fed with a pair of com-
ponent currents, each component being of sawtooth wave-
form. The rate of rise of current for one component varies
sinusoidally and, for the other component, cosinusoidally
with aerial rotation.

If off-centreing is required, it is necessary, in the case of
polar scanning, to employ a separate coil for producing
the off-centreing field. In the case of cartesian scanning,
however, it is possible to use the same windings for both
scanning and off-centreing, and thereby to gain a number
of advantages.

In the particular application to be considered, an accurate
off-centre display was required, and, in view of the above
considerations, electromagnetic scanning in cartesian co-
ordinates was employed.

Application
The p.p.i. display unit for which the scanning -coil was

developed was designed to supplement the A- and B -type
displays of an existing radar set. The radar itself operated
in the X -band and was originally intended for field artillery
purposes. It was subsequently modified for coastal defence,
and the off-centre display was added to increase the resolu-
tion in that role.

The display unit incorporated a 9in magnetic c.r.t. operat-
ing at 7kV. Off-centreing of the display of up to 25km was
required on all range scales, viz., 6.25, 12.5, 25 and 50km
for 1 tube radius. Thus, on the fastest scan, the amount of
detail available was equivalent to that which would be
obtained with a 31.25km scan on a 45in diameter c.r.t.

The scanning -coil contained two separate orthogonal
winding systems for the two axes and the scan generator for
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each axis combined the scanning and off-centreing currents
into a single waveform. In this way, it was possible to
achieve off-centreing by a combination of current bias and
time delay and to employ a single control (for each axis)
for the amount of off-centreing required. This arrangement
resulted in economy of scanning power, and it was
important to achieve such an economy for the following
reason. The radar pulse recurrence rate, and therefore the
scan repetition rate, was relatively high so that, on the
longest -range scan, there was little time available between
scans for the dissipation of the energy stored in the scanning -
coil. For the same reason it was essential to minimize the
scanning -coil inductance, that is, to achieve a high efficiency
(as defined later).

Each winding system was driven by a separate scan
generator employing a high -gain d.c. feedback amplifier
with compensation for the time -constant of the scanning -
coil. A separate feedback path provided forced resetting of
the coil current at the end of each scan.

The display incorporated an electronic bearing and range
marker combined on a time-sharing basis with the p.p.i.
raster.

Although the scanning -coil was designed specifically for
this particular display unit, a number of features of the
design are of more general interest.

Design Considerations
In the design of a scanning -coil, it is necessary in general

to satisfy two basic requirements, namely, efficiency and
accuracy. The efficiency of a scanning -coil may be regarded
as the ratio of the energy of the useful deflecting field to
that of the total field produced, while the accuracy may be
regarded as the ability of the scanning -coil to produce a
distortionless scan. These two requirements are inter-
dependent and to some extent conflicting. For example, it
is shown later (Appendix B) that the field distortion intro-
duced by practical winding distributions increases rapidly
towards the outer radius of the field. Therefore, by making
this radius large compared with the radius of the field
actually used (i.e., the inner radius of the c.r.t. neck), the
distortion within the " working " field can be greatly
reduced. However, since the " working " field is then a
smaller proportion of the total field, the efficiency is also
reduced. On the other hand, it is.also true that a scanning -
coil which produces a small amount of field distortion is
inherently more efficient than a component (of the same
radius) which produces a greater amount of distortion. This
statement may be verified from the following consideration.
Field distortion is due to the presence of space -harmonics
in the exciting m.m.f. distribution, and such harmonics
represent a proportion of the total energy supplied. If,
therefore, the accuracy of a scanning -coil be increased (by
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improvement of the m.m.f. distribution), its efficiency is
increased as a consequence.

Various types of scanning -coil for use in p.p.i. displays
have been described12. Three main types may be recog-
nized :

(a) Air -core coils, with pre -formed windings.
(b) Slotted iron -core coils, with " motor stator " windings.
(c) Cylindrical iron -core coils, with toroidal windings.

As regards efficiency, Woroncow' has shown the
superiority of iron -core components by quoting compara-
tive figures for a number of designs. This writer states that
" the slotted core appears to be far superior in every respect
to any other circular non -slotted core ". However, in the
course of the development of the coil being considered here,
it was established that components of type (c) could be pro-
duced with efficiencies equal or slightly superior to the best
example of type (b) quoted by Woroncow. (See Appendix
A).

As regards accuracy, the performance of type (b) is
inherently inferior to that of type (c), for, in the former
case, distortion is introduced by the slotting of the core
and by the disposition of the cumbersome end -turns.

Since both efficiency and accuracy were of prime import-
ance in the application being considered, it was decided to
develop a component of type (c).

As far as the author is aware, no coil of this type, that
is to say, a two -axis toroidal scanning -coil, has hitherto
been described.

Winding Distribution
In the hypothetical case of an infinitely long tunnel of

circular cross-section within a magnetic material of infinite
permeability, it can be shown that, in order to produce a
uniform magnetic field inside the tunnel, the ampere -turn
or magnetomotive force (m.m.f.) distribution of a winding
located at the radius of the tunnel must be sinusoidal.

In the practical case of a scanning -coil having a core
of finite length and of high but not infinite permeability,
a sinusoidal m.m.f. distribution gives rise to the most nearly
uniform field which can be achieved.

It is difficult in practice to produce an exactly sinusoidal
distribution, but a sufficiently close approximation can be
achieved by suitable grading of the turns. Various methods
of grading are possible and some of the factors which
influence the choice of the method to be employed in a
particular case are enumerated below :

(a) the degree of distortion which can be expected from
a given arrangement,

(b) the feasibility of producing a winding of the desired
accuracy,

and particularly in the case of two -axis scanning -coils :
(c) the need to ensure accurate orthogonality, and
(d) to minimize the capacitive interaction between the two

winding systems,
(e) the need to maintain a high winding space -factor.
The distortion introduced by a particular winding dis-

tribution may be investigated theoretically as indicated in
Appendix B. The various possibilities may then be corn- I SCALE

pared, taking this factor and the others listed above into 3/4

account. CUBE

In the present case, the best method of grading was con-
sidered to be to dispose the conductors in a number of

Fig. 1. Moulded polythene former enclosing core assembly

Fig. 2. Wound and interconnected assembly ready for encapsulation

Fig. 3. The completed scanning -coil
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identical slots in an accurately made former, and to grade
the number of turns per slot. The optimum number of
slots and the exact number of turns per slot were deter-
mined on the basis of the results quoted in Appendix B.

Construction
Before the final design was evolved, several experimental

models were constructed. These models were basically of
the same type as the final component, but employed
machined bonded -fabric formers. One model contained 8
slots and the remainder 12 slots. Certain practical limita-
tions which were imposed on the final design by manufac-
turing considerations were absent in the experimental
models, and it was possible to make the models somewhat
smaller in diameter. As a result, the models were rather
more efficient than the final product. Comparative figures
are given in Table 2 (Appendix A).

The core and former assembly before winding is illus-
trated in Fig. 1. The core consisted of a set of machined
Ferroxcube rings bonded inside a copper eddy -current
sheath. Ferroxcube was used as the core material because
of its low loss at high frequencies and because a material
having a low remanence was required in order to minimize
interference on the display resulting from the time-
sharing of the bearing -marker and p.p.i. scans. The eddy -

current sheath was included to increase efficiency by
reducing the inductance contributed by the " useless " con-
ductors, i.e., those outside the effective magnetic circuit.

The former was produced by the injection of polythene
in a specially -designed mould so that the core was
completely enclosed. The moulding incorporated twelve
parallel -sided slots as shown in Fig. 1.

Since the number of scanning -coils required did not
warrant expenditure on the development
ing machine, the coils were wound by hand. Each slot was
layer -wound, the number of turns being held to within 1
of the correct number. Eight of the slots contained con-
ductors of both winding systems. In these slots, the
windings of the two systems were separated by an
electrostatic screen and were adequately insulated from
each other.

A pair of moulded polythene end -caps enclosed the
wound former and contained suitable tags which enabled
the coil sections to be interconnected. The screens were
also interconnected by this means. The wound and inter-
connected assembly is illustrated in Fig. 2.

Since the component was required to withstand severe
climatic conditions (equivalent to the Joint Service Specifica-
tion K.114), special insulation treatment was necessary.
As a final process in the manufacture, therefore, the scan-
ning -coil was encapsulated by cold vacuum impregnation
technique in a polyester resin. The formulation of the resin

TABLE 1
Summary of Characteristics

Dimensions :
Core diameter
Core lerwth
Overall diameter ..
Overall length

Weight (encapsulated) ..
Winding resistance ..
Winding inductance ..
Current for one radius deflexion at 7kV
Specific sensitivity* ..
Efficiency factor (see Appendix A) ..
Permissible temperature range

1.78 in
2.00 in
4.0 in
3.0 in
2.5 lb

1050
41mH

110mA
390 rad/A

3.70 x 106
-40 to +70°C

 Defined as the deflexion in radians due to a deflecting current of lA when the
c.r.t. accelerating potential is 1V.

was developed for this particular application, since the
treatment involved a number of special problems (for
example, the need to keep the temperature of the mould,
during setting, well below the melting point of polythene).

The appearance of the completed coil is shown in Fig. 3.
A summary of the characteristics of the component is

given in Table 1.

Performance
When operated in conjunction with the display unit for

which it was designed, the scanning -coil produced a com-
pletely satisfactory display. The requisite sensitivity was
obtained with direct currents and with scanning waveforms
up to and including those at the fastest scan speeds required.
There was no observable departure from linearity between
the spot deflexion and the scanning current apart from that
due to the " flatness " of the c.r.t. screen. It should be
noted that, in the case of cartesian p.p.i. scanning, it is
not possible to compensate for this form of distortion by
modifying the winding distribution, and in any case, the
distortion affects both bearing -marker and p.p.i. scans
equally, so that it does not affect the accuracy of measure-
ments taken on the display.

There was no evidence of field distortion or of deflexion
defocusing even at the extreme edges of the picture. Inter-
action between the two winding systems was completely
negligible and no departure from orthogonality of the
scanning axes could be detected. At the highest scan speed
(approximately 2-5ffiA/psec) there was very slight distortion
at the start of the scan due to transient effects. At lower
speeds, transient effects could not be detected.
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APPENDIX A

COMPARISON OF SCANNING -COIL EFFICIENCIES

The deflexion efficiency of a scanning -coil may be defined
as the ratio of the energy of the " ideal " deflecting field to
that of the actual field produced. The " ideal " field may
be regarded as a uniform field of strength H within a
volume rd2// 4, where d is the inside diameter of the c.r.t.
neck, and 1 is the axial length of the field which just causes
the electron beam to " graze " the c.r.t. neck at the maximum
deflexion required. The energy of this field is :

W, = 1/2/87 . 7c/2//4 =1-12/32 .

Now, for a given deflexion angle, 0,
sin B = H .1 V (e12Em)

where E = c.r.t. accelerating anode potential, and
e I m = electron charge /mass ratio.

This expression, for angles, 9, of the order cf 25°, may
be simplified without appreciable error to :

0 = H H. 1V (e12Em)

= Vk H .11 VE where k = e/2m.
Therefore,

and
H2 = E02 I kl2

W, =E02/32k . d2/l.
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The energy, W supplied to an actual coil of inductance
L passing a current I is given by:

W2 = +LP.
Thus, the deflexion efficiency, M, is given by :

M= W,/ W2
EB2 I32k c12 I 1 .21 LP

= 1/16k. S'IL.c/211
where S = Specific Sensitivity

= (BM .
Now, d2/1 is a constant for a given type of c.r.t., and

1/16k is also a constant. Therefore,
M cc S2 L.

Thus, for a given c.r.t. the deflexion efficiency for any
applied scanning -coil (assuming the effective length is not
sufficient to cause "neck shadow ") is proportional to S2/L,
and this expression may be termed the Efficiency Factor
for that coil, where S is in terms of radians per ampere at
E = 1 volt, and L is in henrys.

The efficiency factor as defined above is the reciprocal
of the " inductance figure ", fa = LIS', defined by
Woroncow'.

Table 2 gives the value of the efficiency factor for a
number of widely different scanning -coils.

TABLE 2

SCANNING -COIL TYPE
AND REFERENCE

SPECIFIC
SENSITIVITY

S
(rad/A)

INDUCTANCE
L

(henrys)

EFFICIENCY
FACTOR

S2/L x 10-6

1. Single -axis toroidal
(Woroncow' No. 3) 416 0.047 0.37

2. Air -core
(Woroncow No. 1) 411 0.177 0.96

3. Single -axis toroidal
(Reference 2) 164 0.023 1.14

4. Air -core
(Reference 2) 920 0.555 1.52

5. Synchro stator
(Reference 2) 942 0.400 212

6. Two - axis, 8 - slot
core

(Woroncow No. 5B) 458 0.073 2.87

7. Two -axis toroidal
(Described herein) 390 0.041 3.70

8. Two -axis, 12 -slot
core

(Woroncow No. 7B) 1 100 0.262 4.60

9. Two -axis toroidal
(Development model
of No. 7 above) 387 0.030 5.00

APPENDIX B

ANALYSIS OF WINDING DISTRIBUTIONS

The various possible methods of grading a scanning -coil
winding may be examined and compared by means of
Fourier analyses of the corresponding m.m.f. distributions.
Thus, the fundamental of the Fourier series gives rise to the
desired uniform field and the rest of the terms in the series
correspond to unwanted space -harmonic components.
Distributions can be compared, therefore, by comparing

the magnitudes of their harmonic components relative to
their respective fundamental components. In this way, not
only may different types of grading be compared, but the
optimum winding arrangement for a particular type may be
determined.

In the particular case described here, such investigations
were carried out, and it was concluded that an " equi-
angle, graded turns per slot " distribution would be the
most satisfactory. Such a distribution is shown in Fig. 4.
This distribution was then examined in more detail and the
following conclusions were drawn.

(1) In the case of two identical winding systems occupy-
ing the same former, the number of slots must be a multiple
of 4, i.e., the number of slots = 4m, where m is any integer.

(2) Considering one of the winding systems in this case,
the relative number of turns in a given slot must be pro-
portional to the sine of the angle of the centre -line of that
slot from the point of zero ampere -turns.

r2

A.2 k1

Fig. 4. M.M.F. waveform of gapped,

1-a

Syr
12

12 -slot w:nding

(3) The space -harmonic of lowest order, and of greatest
magnitude, which occurs in a correctly -graded winding in
4m slots is of order (4m - 1). More generally, harmonics
of order (4mn ± 1) are produced, where n can be any
integer from 1 to infinity. Thus, in a 12 -slot winding,
harmonics of order 11, 13, 23, 25, 35, 37, . . . etc., are
present.

(4) With a continuous distribution, i.e., one in which
there are no "gaps", the magnitudes of these harmonics
are inversely proportional to their order. For example, in
a 12 -slot winding, the magnitude of the 11th harmonic is
1/11th, or about 9 per cent of the fundamental.

(5) In a practical winding, the presence of gaps in the
distribution is inevitable. This fact does not invalidate
statements (2) and (3) above. The orders of the harmonics
which occur in the Fourier series of a gapped distribution
are the same as if no gaps were present, but their magni-
tudes are considerably greater. The magnitude of the
fundamental is also affected. Thus, for a gap semi -angle
of a, the fundamental, a, = C . cos a -S . sin a, and the
magnitude of the (4mn ± 1 )th harmonic, a, ,,,,, f I =

1

C . cos (4mn ± 1) a 7- S . sin (4mn ± 1)al,
4mn ± 1{

where m and n have the significance already explained and
C and S are constants for a given winding arrangement.
The values of C and S depend on the number m, and for
the distribution shown in Fig. 4, C = 0.987 and S = 3-69.

The extent to which the field is distorted by these space -
harmonics is not directly indicated by the above analysis.
The analysis may, however, be extended, by a method due
to D. J. Mynah, to determine the field distortion.
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The method consists of assuming a potential function at
any point, (r, 0), within a circle of radius, a, as indicated
in Fig. 5, due to a uniform m.m.f. (at radius a) of /
(ampere-turns/rad) spanning an arc of ±/3. By comparing
the assumed function, which constitutes an infinite series,
with the infinite series of Fourier terms for this distribu-
tion, the coefficients in the function may be determined.

From this potential function, the field strength at any
point, (r, 0), may be derived. In particular, the field strength
along the x-axis, X - - X', (9 = 0), is of the form:

[B
8 = 0

16 I
(r I a)2N

sin(2N + og- a N (2N + 1) (1)

and consists of a constant term,
a

16 1
sin /3, (when N = 0)

and a variable part which is a function of r.
The constant term expresses the uniform field which is

desired in an actual scanning -coil, and the variable part
(which is zero at r = 0) corresponds to the field distortion.//:
-ramp/rad/

z7X

77
-

, yv,z7 7
v,7

tramp/rad

7 7/7
77

V

77
Fig. 5. Calculation of field distortion

The field distortion at a given radius, r, can be expressed
as the fractional departure of the field from this uniform
value.

Thus, the distortion :

D - (Total Field at r) - (Uniform Field)
(Uniform Field)

(Total Field)
(Uniform Field)

1 1 `'°,
(r I a),`" .

sin (2N + 1)13
sin g x=o (2N + 1) I

1

The infinite series contained in this expression may be
summed and expressed in the closed form:

1

2x . sin g
1/2x . tan -1

1 - x2
where x = rla = relative radius.

Therefore:

D =
2x . sin /3

tan'1 (2x . sin /3 )1
k 1 - x2

- 1 ... (2)

Equation (2) applies for a single -bank winding spanning
±i3 radians on each side of the centre -line. By the prin-

ciple of superposition, it is possible to derive corresponding
results for more complicated arrangements. The method
can be extended to cover graded and gapped distributions
such as the one finally adopted in the coil described here.
During development, therefore, it was possible to assess the
effect of changing the number of slots, and of varying the
angular width of the gaps.

Some results of computation of the distortion due to a
number of winding arrangements are shown in Fig. 6.

From these curves, the following conclusions may be
drawn.

(1) The distortion increases rapidly towards the outer
radius of the field. At a relative radius, x, (= r /a) less than
0.6, the distortion is negligible except in the case of curve
(1). It should be noted that, in a typical scanning -coil, the
" working " field (i.e., that within the c.r.t. neck) would
extend to a relative radius of not more than about 0.6.
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Fig. 6. Field distortion, as a function of field radius, for some

"correctly graded" windings

I.0

Moreover, even at maximum deflexion, the electron beam,
during most of its passage axially through the scanning field,
would be at a much smaller radius. The curves therefore
tend to give a pessimistic impression of the distortion which
could be expected to be seen on the c.r.t. screen.

(2) The presence of gaps results in a great increase in
distortion at the outer radii compared with the distortion
at similar radii due to a continuous distribution (as in curve
(5)). At relative radii less than 0.5, the difference between
gapped and continuous distributions is insignificant. (The
gap angles have been made the same in examples (1), (2)
and (3) because, for practical reasons, the gap angle is
largely dependent of the number of slots).

(3) There is little or no advantage to be gained by using
16 slots rather than 12, but considerable improvement
results from the use of 12 slots rather than 8.
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Anode Control of Small Thyratrons

By L. Molyneux*, B.Sc.

A method of using a small thyratron in a "self
hold" mode, and a practical example of its use
are described. The arrangement is not critical in
adjustment, but economic considerations are likely

to limit it to small thyratrons.

TN the electrical control of mechanical devices it is some -
'times necessary to make a mechanism change its state on
receipt of a small electrical impulse, and to remain in
this state until a further electrical impulse occurs. The
characteristics of a thyratron are such that it would seem
to offer a solution to this type of problem, since its "lock
on" characteristic is combined with a high current carry-
ing capacity.

A possible circuit arrangement might be one where the
grid of the thyratron is normally held at a negative poten-
tial; the load being connected between the anode and a
positive d.c. supply. Current will be turned on in the
circuit by momentarily bringing the grid to cathode poten-
tial, and turned off by interrupting the anode supply. But
while this type of circuit can be turned on by the output
of a small amplifier or the closing of contracts in a high
impedance circuit, it cannot normally be turned off in a
similar way. It is the purpose of this article to show how
this may be done in the particular case when the thyratron
is used with an a.c. anode supply.

If the anode of the thyratron is connected to an a.c.
supply, and its grid held at a negative potential, ioniza-
tion and conduction in the valve may be initiated during
that part of the positive half cycle when the anode voltage
is above the valve's ionization potential, by bringing the
grid to cathode potential. The ionization will end shortly
before the end of the positive half cycle. If the circuit is
arranged so that a small subsidiary anode current can
flow when none can flow through the load, then the thyra-
tron will maintain a low level of ionization during this
period. The ionization will increase as the voltage in the
load circuit rises above the running voltage, and will
return to its original level when the load circuit voltage
falls below this value. Thus a continuous, though varying
state of ionization can be initiated by bringing the grid of
the thyratron momentarily to cathode potential. The
ionization is ended by interrupting the maintaining current
during the period when it is the only source of anode
current. Fig. 1 shows the arrangement. Since the main-
taining current can be small (of the order of 1 per cent
normal load current) the maintaining circuit can be of
reasonably high impedance. The rectifier in the anode
circuit allows the anode to remain on the positive side of
zero. If it were not there, the anode would be driven
negative by the low impedance a.c. supply.

An Example of the Use of the Circuit
The circuit in Fig. 2 is used to control a respiratory in

the operating theatre, where inflammable gases are

Dept. of Anaesthetics, Durham University.
1- The respirator, using self hold relays whose sparking prevented its use

in the theatre, was described by PASK, E. A., Lancet, 2, 141 (1953).

commonly present. The device operates in the following
manner. When the water touches the right-hand contact,
the grid of the thyratron is made slightly positive. The
thyratron conducts and operates a magnetic valve which
applies pressure to the right-hand limb so that the water
moves away from the contact. Ionization is then main-
tained in the interval between the half cycles of load
current by the current flowing through R,. When the
water touches the left-hand contact the grid of the pentode
is taken slightly positive and the anode "bottoms" so that
the potential of the thyratron's anode is insufficient to
maintain ionization between the half cycles of load
current. Once this has happened the magnetic valve closes
and the water falls back till it touches the right-hand con-
tact, when the cycle of events is renewed.

Fig. 1. Basic circuit

Fig. 2. Respirator
control circuit
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Conclusion
The circuit lends itself well to conditions where elec-

tronic apparatus is intended to operate a solenoid or
similar control element on the receipt of one pulse and
continue to operate it until the receipt of another. There
are no contacts of any kind in the "hold" circuit, and there
is no setting up procedure. There is no particular limita-
tion on the "start" pulse, but the "stop" pulse, if it is
random, must be longer than half a cycle. The inclusion
of "small" in the title is intended to suggest that the circuit
is economically feasible at currents of the order of 100mA,
since at larger currents the size and expense of
the rectifier would probably outweigh the advantages of
the circuit.
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Transistor Voltmeters
By M. H. N. Potok*, B.Sc., A.M.I.E.E. and R. A. McF. Wales t

Transistors are, by virtue of size and power consumption, particularly suitable for instruments,
especially portable ones.

An experimental voltmeter using a transistor current amplifier has been designed giving a reason-
able stability, an input impedance of several megohms and a consumption of under lmW from a

3V dry cell.

THE very low power consumption and robustness of
transistors should be of great value in instrumentation.

So far little appears to have been done in that direction.
This article examines the principle of using transistors
instead of vacuum valves for voltmeters.

Basic Considerations
A valve -voltmeter has three essential characteristics':

(a) sensitivity
(b) wide frequency response
(c) high input impedance

nil these follow from the characteristics of valve amplifiers.
Transistors have at present a very limited frequency

response and a low input impedance. Of these shortcomings
the impedance difficulty can be overcome by remembering
that the transistor is primarily a current amplifier. A gain
of 50 is feasible with junction transistors. This means that
when a meter, giving full scale deflexion at 50p.A., is pre-
ceded by a suitable transistor amplifier only littA need be
taken from the measured terminals. Thus a maximum
input impedance of 1M11/V is possible, and this compares
well with valve -voltmeters.

Experiments have been carried out to check this idea,
and promising results were obtained. These are described
below.

D.C. Voltmeter
Good results were obtained using the junction transistor

0071, which gives a current gain of 50 when the emitter
is earthed, in a circuit shown in Fig. 1.

Fig. 2 shows the calibration curves for two values of
resistor R1. Resistor R is used to set zero. The dotted
lines show the calibration when collector bias Eb is reduced
to

These results show that the calibration is linear and
largely independent of the bias voltage so that changes in
battery voltage are unimportant. Practically no short
time drift has been detected. The circuit has been left
operating for hours without any apparent change in read-
ings. Only change of resistor R, is required if the tran-
sistor is changed.

A.C. Voltmeter
Due to the poor frequency response of the junction tran-

sistors available it has been decided that rectification should
precede amplification. Very good results are obtainable
with the circuit shown in Fig. 3.

A high reverse resistance germanium diode GEX56 was
used in an attempt to obtain high input impedance, but
even then the impedance was only 200142. It would appear

 The Royal Technical College, Glasgow.
Now with Barr & Stroud Ltd.

that successful use of this circuit depends on developing
crystal diodes with very much higher reverse resistance
than available to date.

In order to increase the input impedance, a large resistor
was placed on the input side as in Fig. 4.

It is possible to change the voltmeter range by either
varying R, or R2. R, largely defines the input impedance.
The calibration curves for R, =1 Mil, 2M,Q. and 41\4c2 are
given in Fig. 5 for a 1 kc/s signal.

The curves appear quite satisfactory, but to retain a
common scale for all ranges it would be necessary to shunt
the meter by a suitably chosen set of resistors R2 switched
together with the resistors R1.

0

a.

e-V\irr2
1.5V

Eb

Fig. 1. Basic d.c. voltmeter circuit

8 12

VOLTS
Fig. 2. D.C. voltmeter calibration curves

R1=2.7 Mn and 12-6M2. The solid lines refer to a collector voltage of
3V and dashed ones to 1.5V.

0O5µF

Fig. 3. Basic a.c. voltmeter circuit

33M0

0
20µF

16 20
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The frequency response of this circuit for a full-scale
deflexion of 10y (R, =_-2M12) is shown in Fig. 6.

Further experiments have tended to show that an
increase of R, above smn tends to upset the frequency
response, hence for larger voltages R, should be reduced,
thus shunting the meter.

A circuit using a transformer has also been experimented
with. A miniature output transformer of an indifferent
frequency response characteristics has been used in a cir-
cuit shown in Fig. 7.

0 05µF R,
0 --II vvv

0

110
100
90

IMO

T2°PF
e'V\tIMCV\

Fig. 4. A.C. voltmeter with large input impedance

4 8 12
VOLTS

Fig. 5. A.C. voltmeter calibration curves
/2, = 1M2, 2MO and 4MQ, at lIccls.

16 20

10 100 1000 10000
cis

Fig. 6. Frequency response of a.c. voltmeter

Calibration curves with 15V and 50V measured signal
are given in Fig. 8 at lkc/s, and frequency response for
50V full-scale deflexion appears in Fig. 9.

Using the above circuit measurements were also carried
out at 50c/s, 100V and 250V with Eb ..=3V and also
1.5V. The results appear in Fig. 10.

Conclusions
The experiments show that it is possible to design a volt-

meter with a high input impedance using transistors. Such
a voltmeter could be not much larger than the meter itself
if used with small components and batteries. It could thus

0.05µF R1

a.

Fig. 7. A.C. voltmeter circuit with a transformer 'spot

50

40

30

20

10

O

10 20 30 40 50
VOLTS

Fig. 8. Calibration curves for the a.c. voltmeter with transformer input
Ri= IMO and 3.7M0 at lkc/s.

1 1 0
100
90

10 100 1000 10000
cis

Fig. 9. Frequency response of a.c. voltmeter with transformer input

Fig. 10. Calibration curves of a.c. voltmeter at 50c/s.
Solid lines-collector voltage at 3V; dashed lines-collector voltage at 1.5V.

100 150
VOLTS

200 250
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be easily portable and independent of supplies, robust and
stable. The low power consumption, less than 1mW,
ensures long life to the battery. By comparison a sub-
miniature directly heated pentode would have a filament
consumption of at least 6mW, and would require a 15V
h.t. battery.

The junction transistor, by virtue of low operating vol-
tages and high current gain appears ideal for this applica-

tion. There appears no reason why this type of voltmeter
could not be used over a wide frequency range.

In particular the development of suitable crystal diodes
with very high reverse resistance or a very low consump-
tion directly heated subminiature diode would greatly sim-
plify the problem. In its final form this voltmeter would
be an improvement on the characteristics of most popular
multi -range test meters on the market.

A Twin -T RC Oscillator
By M. J. Tucker*, B.Sc., A.Inst.P.

The well-known twin -T rejector filter can be unbalanced to give a considerable transmission with
a 180° phase -shift at a particular frequency. It can then be used with a single valve amplifier to
form a simple and satisfactory oscillator. However, only a limited frequency variation can con-

veniently be obtained.

T is well-known that an acceptor filter may be produced
I by connecting a twin -T rejector network in the feedback
path of a negative -feedback amplifier. Many workers must
have noticed that if the twin -T network is badly unbalanced
the circuit may oscillate, but as far as the author is aware
this effect has not been examined with a view to its
deliberate use in the design of oscillatorst. It is shown
below that oscillators based on this principle have some
advantages over the commonly used types for applications
where the frequency is either fixed or is required to vary
over a small range.

Theory

The twin -T network is shown in Fig. 1 and the corre-
sponding vector diagram in Fig. 2. With the correct com-
ponent relationships it is possible to achieve a considerable
transmission with a 180° phase -shift at a particular fre-
quency. The network can thus be used in conjunction with
a single valve amplifier, which provides a further 180° phase -
shift, to make an oscillator.

If the output of the network is left on open -circuit and
R2 = mR, C2= Clint
R3 = nR, C3=C1ln

toC,R, = p

1

[ 1

1 + (11m) + (1/n)
EI/V. = 1 +

n 1. + (11m) - (11n) + 1 n)(P - 11 P)

(1)

The frequency at which 180° phase -shift occurs is given by
p = 1, that is wo = 1/RICI

The greatest negative value of Vo when p =1 is obtained
when:

n = (V2 - 1)/(1 + 1/m) (2)

* National Institute of Oceanography.

t Since this article was in proof the author has seen a paper by G.
Francini and E. Zaccheroni in Alta Frequenza, Vol. 22, p. 282 (December
1953), describing a similar oscillator. The present article discusses some
aspects of the circuit not dealt with in the Italian paper, and in any case
the author feels it will be of interest to readers of Electronic Engineering.

and the output under these conditions is given by:

(EilVo) = 1 - (1 + 1/m)/(3 - 21/2) (3)

which shows that the higher the value of m the greater is
the negative output.

cs

Fig. 1. The twin -T network

Fig. 2. Approximate voltage relationships in the circuit of Fig. 1
When R2 = 10R1 = 25R3, C2 = 0.1C2 = 0.04C3 and = 1 'Oil?,

The greatest possible negative value of V 01 E, is -0.207,
obtained when m is very large and n = V 2 - 1 = 0.414.
It is therefore possible to construct an oscillator of this
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type with an amplifier gain of just under 5, but in practice
considerably higher gains can easily be obtained using the
simplest triode circuit and it is convenient to put m = 1,
that is R, = R, and C, = C2. The optimum n is then 0.207
and a gain of 10.66 is required to produce oscillation. The
value of n is not at all critical and can be varied consider-
ably to suit preferred component values without appre-
ciably altering the gain required.

A feature of RC oscillators is that harmonics generated
in the amplifier tend to be fed back negatively through the
RC frequency -controlling network and are therefore
reduced in amplitude. This is because the phase and ampli-
tude of the transmission through the network vary rapidly
with frequency. The twin -T network is particularly good
in this respect, and a simple oscillator in which the ampli-
tude is limited by valve characteristics will give quite a good
waveform.

Varying the Frequency of Oscillation
It is inconvenient to vary all the network resistors or

capacitors at once since the values of the components of

330k0 330in
-1AM-9-1/VV- 47k0

-1-11 111-
470 pF 470 pF

R3
'00220LF 47k0

VR,
5 MS)

+300V

100k0

12417

---;

001µF
22k0

VR2
2.5k0

001 F

15k0
20F

- ht.
I 2AT 7

I M

Mci

01µF
output

22k0

681d) IMO

-ht.

Fig. 3. A simple twin -T oscillator with cathode -follower output stage
P, is a fine frequency control and P, is adjusted until oscillation is just
maintained. Nominal frequency 1 000c1s. High stability components are

used in the oscillator section, except for the 47/42 grid stopper.

one type are not equal. It is possible to vary the frequency
over ranges of a fraction of an octave by varying either
R, or R, alone, but this also requires some adjustment of
the amplifier gain. The author must confess that he has
not been able to work out the relevant equations in a form
which is sufficiently simple to be of much use, and the
effect has been investigated experimentally using the oscil-
lator circuit shown in Fig. 3. Figs. 4 and 5 show how the
frequency and the gain required to maintain oscillation vary
with changes in ether R, or R3. R, must not be reduced to
less than 100kn, otherwise the shunting effect of the net-
work on the anode load of the first valve becomes exces-
sive and oscillation cannot be maintained by adjustment
of VR,.

It will be seen that with R, = 3301(.11 and R, = 68kn,
corresponding to m = 1 and n = 0.21, the gain required to
maintain oscillation is 11 compared with the theoretical
value of 10.7. This discrepancy is within the possible in-
accuracies of the author's measuring instruments, but is
more probably due to the network components differing
from their nominal values : the selection tolerance was ± 10
per cent for the capacitors and ±5 per cent for the resistors.

Parasitic Oscillations

Limited experience with this circuit shows that it has a
tendency to suffer from parasitic oscillations. At very high
frequencies it probably forms a phase -shift oscillator using
the stray capacitances to earth of the coupling capacitor
and of C, and C2 together with the inductances of the leads

1200
U

U. 1000

100 200 300
RI ())

500

0

Fig. 4.Dependence of the frequency, and of the gain required to
maintain oscillation, on the value of R,

(Circuit of Fig. 3 with R, + P, = 68k2).

1400

1200

2

O

'IL, 100 0

800
20 30 50

R3( k0)
100

16

14

12

10
ISO

0

Fig. 5. Dependence of the frequency, and of the gain required to
maintain oscillation, on the value of R,

(Circuit of Fig. 3).

between them. It is therefore advisable to include a grid
stopper in the circuit.

Conclusion

The twin -T oscillator described has some advantages
over the more conventional types of oscillator; in particular
oscillation can be maintained with a single amplifying stage
of low gain, and negative feedback of harmonics is high
so that a good waveform is produced. Its main disadvan-
tage is that its frequency cannot be varied conveniently
over a wide range.
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A Miniature Analogue Computer
By A. B. Johnson*, B.Sc., A.M.Brit.I.R.E.

An analogue computer of unusually compact form is described. It is capable of solving linear differen-
tial equations of orders up to the tenth and intended for preliminary design investigations and educa-

tional purposes.

EELECTRONIC analogue computers, although in general
cheaper than digital machines, are still expensive and

often very large, so that they are by no means as readily
available or convenient to use as slide rules or desk calcu-
lators. Some problems are so complicated that analogue

* Saunders -Roe Ltd.

Fig. 1. The Miniputer and power supply unit

DOUBLE BEAM C.R.T.

r2 Yi X
MILLER

SEE- SAW

YI

AMPLIFIER

V2
AMPLIFIER

MULTI -
VIBRATOR

computation is inevitably attended by high cost and large
size of the equipment required, but there are many applica-
tions which can be accommodated on a relatively simple
machine, and it was with these in view that the Saunders -
Roe Miniputer was designed. It will analyse linear servo-
mechanisms, simple aircraft flutter problems and simul-
taneous equations with the speed and convenience of a desk
calculator, at a similar price. It is also useful for training
operators of larger machines which can be ill -spared for
this purpose.

General Description
The instrument consists of two units (Fig. 1). The left-

hand case contains all necessary power supplies, that on the
right is the computer unit and incorporates:

(1) Ten operational amplifiers.
(2) Twenty coefficient potentiometers.
(3) Patch panel.
(4) Display and control circuits.
(5) Ten capacitor reset circuits.
The general arrangement of the computer is shown in

Fig. 2.

OPERATIONAL AMPLIFIERS
Each consists of a miniaturized three -tube circuit (Fig.

Patch Panel Terminals

+MU. -MU. Clamp In

IF--- --'D- -1----I-1--
Compute

rd A

A2
A3

A 4
0-0. A s

°44.9%,,
0-4. A6

A 7

'ABA9I
Alo

Spare

A ,

A2

cT-47 A3

A4
A 5

0--9- A 6
o A7

0- -,4
I.. A9

A 0
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Power
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Outputs
of main
amplifiers
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reversers

CLAMP

Coefficient
Out Potentiometer

Balance

10 off each 20 off

Bal./Comp
Switch

Supplies to Computer Unit

Ifffittfittftt
POWER UNIT
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Fig. 2. General arrangement of the Miniputer
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3). It is seen that there are in fact two nearly identical
amplifiers, one of which, known as the sign reverser, has
equal input and feedback resistors and is permanently con-
nected to the output of the other, known as the main
amplifier. The result of this is that each operational ampli-
fier unit has two outputs of opposite polarity or sign,
affording increased scope and convenience.

V2

RIO

12AT7

7

C,

Rs
V3

I2AT7

Scan durations of 10, 20; 40msec can be selected by means
of a switch.

CAPACITOR RESET CIRCUITS

These consist of back-to-back double triode arrangements
which can be connected via the patch panel, across each
capacitor occurring in the problem set up. They are con -

5

R,

v2

0 A24

21

C

822

Output Impedance
Main Amplifier 0_,\.AA/s_e_v\A/.__o

Zi Z2

2200
7 0 -oI + I500/ )kz,+Z2 5V -200VI -.---o 0

Grid Out-0
Out- +200

6-3VSign Reverser Z. = 30 (%Error with 12.5k0 load..0.024%) V2 V3,0 -500
0

Fig. 3. An operational amplifier

Each amplifier section has an internal gain of 1 500
and a bandwidth of 10kc / s. The first stages are supplied
with stabilized heater voltage from a constant voltage trans-
former in the power unit. The output stages are capable
cf producing a swing of ±50V in a load of 12.5k9., i.e. the
equivalent of four coefficient potentiometers. 50V is the
machine unit for this computer. An amplifier removed from
the computer unit is shown in Fig. 4.

COEFFICIENT POTENTIOMETERS

These are 501d/ wire wound potentiometers which can be
set by means of their dials and cursors to within 1 per cent.

PATCH PANEL

This is situated on top of the computer unit and provides
access to the terminals of the operational amplifiers, co-
efficient potentiometers, capacitor reset circuits or clamps
and machine unit sources. Problems are set into the
machine by plugging into the patch panel sockets, resistors,
capacitors and connecting leads. The plugs used have
sockets coaxial with the pins, so enabling any number of
connexions to be made to a point on the patch panel.

DISPLAY AND CONTROL CIRCUITS

Any variable occurring in the problem set up can be
displayed on a 34 -in double beam c.r.t. Each Y trace is
driven by a feedback amplifier, the input of which can be
switched to the output of any one of the ten operational
amplifiers. There are two gain positions for each Y ampli-
fier giving full scale deflexions of +1 machine unit and +0.5
machine unit. The X scan is derived from a multivibrator
driving a Miller integrator and see -saw push-pull circuit.

Fig. 4. A complete amplifier

A25

V31

trolled by a square wave from the multivibrator mentioned
above which also brightens the c.r.t. trace during the for-
ward scan and suppresses it during the return scan. The
reset circuits or clamps are " freed " (rendered open -circuit)
by a negative pulse during the forward scan and conduct
so as to discharge all capacitors during the return stroke.
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The
Design of
Electronic
Music
Generators
By Alan Douglas, M.I.R.E.

(Part 1)

As explained in previous issues of this journal', it is only the kinds of tones associated with key-
board control which form a profitable basis for polyphonic synthesis. Development of known
oscillators over the past three years has resulted in an inexpensive generator combining a high
degree of tonal realism with the simplicity required for home construction. Additional generators

to extend the resources of this main unit will be described in future issues.

T0 appreciate the reasons for this design, it is necessary
to look at the lines along which existing musical

instruments have developed. Detailed study of methods
and circuits available for polyphonic music generators
today show that the really feasible ones were known and
exploited twenty years ago. What this means is that these
five major methods were at once patented so far as pos-
sible, and the various companies exploiting these methods
narrowed their activities to these respective channels for
commercial development. As a result, each of these instru-
ments has marked characteristics of its own, limiting its
performance to the capabilities of that method and almost
inevitably increasing the mechanical complication as the
instruments grew larger. Thus most of the satisfactory
commercial polyphonic generators are beyond the con-
structional capabilities of the average amateur organ
builder.

Fundamental requirements of an acceptable music
generator are:
(I) Such tonecolours as are provided must be truly imita-

tive of sounds known to us, by tradition, to be agree-
able; but other sounds are, of course, permissible if
they are pleasant.

(2) The addition of the different complex tonecolours pro-
vided should be possible, without change in or
degradation of the individual voices. It is in this
respect that the major shortcomings of many commer-
cial instruments are apparent.

(3) The way in which the sounds start and stop should
correspond as nearly as possible to the way in which
this takes place in the instruments imitated.

(4) The different tonecolours should have a range of

minimum to maximum volume corresponding with
that of the instruments imitated. Here again, the
discrimination in some commercial instruments is very
poor.

(5) Contact devices to control the generating system should
be simple, cheap and reliable.

(6) There should be a complete absence of internal screen-
ing or critical positioning of components if possible.

(7) A vibrato generator, if provided, should ensure both
frequency and amplitude variation and must not in
itself generate an interfering waveform.

(8) Each single note should be capable of independent
regulation for volume level, since the behaviour of
loudspeakers associated with unknown rooms is un-
predictable.

Compactness, ease of construction and low cost are other
desirable features, but static circuit complication is not a
disadvantage except on the score of cost.

Basic Design
To enable the generator to be constructed without

specialized equipment, all forms of tone producers involv-
ing rotating or vibrating elements were ruled out. The
circuit, then, employs valves. It has been pointed out else-
where' that frequency division does not provide suitable
waveshapes for accurate tonal synthesis, except in circuits
of extreme complexity'. But in any case, it is essential
to generate more than one waveshape for each note.

It is permissible to take some liberties with the number

The illustration above shows a complete instrument built from the details
given in these articles.
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of generators really required. Careful examination of
published keyboard music shows that in very few works
is it strictly necessary to provide a generator for every
note. Thus one can simplify the design by causing each
generator to form two notes. If there is absolute insistence
on performing some of the works of Rheinberger, Brahms
or Bach, then only a very few extra generators are required.
All light and popular music and over 95 per cent of
classical music can be interpreted exactly as written on
this design, which reduces the generator cost by nearly
50 per cent. These simplifications do not in any way
impair the tonal capabilities of the unit, indeed it has
been played by many professional musicians and used
for lectures, without anyone detecting this circuit artifice.

The same principle, extended to embrace three or four
notes, is used in certain other instruments, but this does
result in some interpretive limitations.

6SN7,12AU7,
ECC82

.414%4;180V

0.01µF

..:
0 05pF

II
2M0 IIIR2

1--'

Playing
key

Fig. I. The oscillator circuit

Most commercial valve generators of repute use some
variant of the Hartley oscillator. This is simple, stable,
flexible, has a large output, but especially lends itself to
the generation of a complex waveform in which the
harmonic series is correctly related to the fundamental;
this latter point is very important, and a great difficulty
with some kinds of rotating or vibrating generators. The
Hartley circuit is also easily tuned. It can be keyed in the
grid or anode leads but as it is necessary to have an
independent negative supply exceeding the cut-off bias of the
valve if grid keying is adopted, we have adopted anode
keying. This allows of a vibrato voltage being injected
in a simple manner.

The circuit is the same for all oscillators and is shown in
Fig. 1. Note that certain elements are of the same value
over the whole pitch range, which is from 65.4 to 2 093c/s
for five octaves, or 65.4 to 4 186c/s for six octaves.
Experience has shown that the compounding of tone
qualities requiring simple waveforms is not successful if
such waveforms are extracted from a complex wave, part
or all of which is in use for some other tonecolour at the
same time. It is necessary to have at least two independent
waveforms from the same oscillator, and even more for a
larger instrument.

Fortunately this is possible with the above circuit. The
outlet A from the grid resistor R, is almost sinusoidal,
whereas the outlet B from the lower end of the coil across
a low resistance to earth is a reasonably good sawtooth.
An approximately square wave can be obtained from the
anode circuit, but is not required in this application. The
grid leak R, is normally connected to earth, but can be

TABLE 1
Table of Oscillator Component Values

NOTE
SIGN

NOTE
NO. COIL

MAIN
TUNE

CATHODE
TUNE

GRID
CAPACITOR

CC f 1 1 0.168
0.06

D 1.3 01 0.005

D11 f 2 0.06
E 1. 5 a 0.1 0.005

F f 6 - 3 0.052
Fl; 1. 7 x 0.1 0 005

20 { 98 4
0 05

002
0005

A# { 101? w 5 0 05
0 018

0 005

B
C {

12 6 0170017
0 005

CS; f 14 - 7 0.016
D I. 15 0.027 0 005

120# f 16 8 0.01
E I 17 0.027 0.005

F# { 119

8 0
9 0.02

0.009
0 005

G J 20
{ 21 ! 10 0.02

0.008
0 005

A# {
22

': 110.02
001

0 005

B
25

.
;,.., 12

0.02
0 015

0 005

C$ f 26 13 0 01
D 1 27 0'02 0 005

Dr f 28 14 0.01
E A. 29 - 002 0 005

Fo f 30 15 002
1 31 003 0 002

2f
$

32
-1. 33

"B.- 16
x 0.02

001
0 002

A# l. 35 17N 0.02
0.01

0 002

B 33. 18 0.007
C

{
0

0.02 0.002

Cs; f 38 19 0.007
D k 39 0 002 0 002

Di; f 40 20 0.006
E 1. 41 0.015 0.002

1;t; { z4li

21
0.015

0.007
0.002

8f
$

44
1. 45

22
0.01

0.005
0.002

it; { 161'

23
0009

0.0047
0002

C
411, 24

0007
0.0047

0 0005

C$ f 50 5,,,

25 0.004
D 1 51 R 0.007 0.0005

ID: f 52 ; 26
E 1. 53

P

00040.002
00005

F
{ 5451 n 27 0005

0.0038
0.0005

2, { 5567
28

0004
0.0019

0.0002

11; { 5859
29

0004
0.0019

0.00015

ij
f 60
{ 61

30
00038

0.001
0.00015
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all coil clamps this
form

6BA
clearing hole

7:7:4'ides

11f

aluminium

(a)

for all other laminations

in

hardwood

(c) (d)

34)

for 60A laminations

5.

aluminiumlin or

(b)

soft iron

Fig. 2. Details of coil side and top clamps
All holes in the clamps to be 6 B.A. clearance. The T sections of 60A
laminations are held in the clamps with Bostik cement. 70,4 and 93

laminations require tuning slips as shown at (d).

supplied with a cyclically changing source of d.c. to pro-
vide a vibrato. The right-hand part of the anode RC net-
work ensures that the oscillator will always start even if
the grid is at the maximum negative end of the vibrato
voltage. The anode networks as a whole control the rate
of the tone onset and are adjusted to the same delay for
convenience; for strictly rhythmic playing this time -
constant can be reduced without any trace of click or
thump, but the values shown are eminently suitable for
most kinds of music and represent the average opinion of
more than 100 musicians who have heard different rates
of attack and decay.

The coil is approximately tuned by a shunt capacitor,
and fine tuned by adjustment of the
iron core. To form the second note, a
capacitor is keyed in between cathode
and earth by additional contacts. The
lowest three notes are all formed
from the same oscillator to bring the
total number of coils and valves to
a round figure, and since it is virtually
out of the question to play any com-
bination of CC,CC and D simul-
taneously at the bottom of the
keyboard.

Table 1 gives the coil, main tuning,
cathode tuning and grid capacitor
details for the basic range of five
octaves.

Fig. 2 shows the construction of the
clamps, and Table 2 gives details of the
coils. Note that for simplicity, there
are only a few different windings and
lamination sizes, which means that
the output from some oscillations will
exceed that from others; but that is
conveniently regulated by adjustment
of R1.

Now we are providing for a full five
octave keyboard, which is standard
organ practice. Thus it may well be
that a pedalboard would be fitted at
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TABLE 2
Coil Details

Coils 1 to 6 inclusive .. iin x kin stack stalloy No. 60A
Winding .. .. . . 4 000 0.4 000 turns 39 s.w.g.

enamel
Bobbin end cheek dimensions 2f in x 2 -kin.*
Side clamp dimensions .. lkin high x kin deep x fin sides

Coils 7 to 14 inclusive .. lin x kin stack stalloy No. 60A
Winding .. .. .. 4 000 0.4 000 turns 39 s.w.g.

enamel
Bobbin end cheek dimensions As above
Side clamp dimensions . . lkin high x kin deep x fin sides

Coils 15 to 20 inclusive .. lin x kin stack stalloy No. 70A
Winding .. .. .. 2 500 0.2 500 turns 39 s.w.g.

enamel
Bobbin end cheek dimensions 1 kin x lfin.*
Side clamp dimensions .. As above

Coils 16 to 30 inclusive .. kin x fin stack stalloy No. 93
Bobbin end cheek dimensions Ilin x l*in.*
Side clamp dimensions .. lkin high x kin deep x kin sides
Windings-coils 16 to 20 .. 2 500 0 2 500 turns 39 s.w.g.

21 to 25 .. 2 000 0 2 000 , 9

26 to 30 .. 1 500 0 1 500 , f

* This side of cheek to have three Tucker 5110 solder tags riveted through

some future date. In this case, the minimum width of the
instrument is fixed by the dimensions of the pedals so that
there is no need to cramp the generator components. The
length of the keyboard is 34in approximately; and the
width of the pedalboard 52in : but, even within the compass
of the keyboard there is ample room to lay out the oscil-
lators on two chassis each 28in by 10in by Sin. It is for
ease of tuning that so much space is allowed for each
oscillator.

Fig. 3 is a photograph of a larger instrument from the
rear, embodying this generator, from which the arrange-
ment will be clear. Observe that each main chassis is
mounted on silentbloc rubber buffers and that all valves
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Fig 3. A rear view of a complete instrument
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face the rear, where the heat is easily dissipated and can-
not reach the coils.

Fig. 4 shows part of a chassis; the layout of the elements
is in no way critical and it is worthy of note that no
screening of any kind is required for the internal wiring,
the quite long keying leads, and the waveform outlet
circuits. The easiest way to arrange the wiring is to run
three busbar wires the whole length of the chassis, on
which the outlets A, B, and c can be terminated from each
oscillator. The grid capacitors and one end of the grid
leaks are soldered directly to the valve holder socket tags,
then all the other parts can be mounted on tag strips trans-
versely across the chassis. On the side wall facing that
occupied by the valveholders a series of 32 equally spaced
holes are made; these are to take the keying leads. The

keying
leads

-top end of coil
A

outlet

°title
-

ry 4 oospF Ik0 47k0
lV

.005µF ,

Fig. 4. Part of chassis interior

coil centre
tap

if ist"

70A

93

hardwood

and

It
Fig. 5 Method of mounting coils

chassis for the upper frequency coils has two extra valve -

holders which can be seen in Fig. 3. These are for the
vibrato oscillator. Since the coils at the top end of this
chassis are quite small in size, there is ample room for
all the elements of the vibrato circuit inside the chassis.

Thus we have a bass chassis with all the 60A coils and a
treble chassis with the 70A and 93 coils; and the vibrato
apparatus. It will be understood that the coils are external
to the chassis and everything else except the valves, inside.
The coils are secured by short pieces of 6B.A. screwed brass
rod4 in the manner of Fig. 5, so that in the case of the
60A coils they can be tuned by raising or lowering the
top bridge holding the T part and coil. This can be set
with accuracy by the nuts. The 70A and 93 coils have a
strip of soft iron under their wooden bridges, which is
swivelled radially across the poles to alter the tuning.
Again, these can be locked in position by the nuts. Wood
is used for the higher frequencies to damp any tendency
to vibrate audibly. Should the side clamps not fit tightly

for any reason, the lower part of the 60A laminations (and
the whole of the 70A assemblies), with clamps on, may be
boiled in beeswax. The coils on 93 laminations must not
be so treated.

We have started on the coils because they are by far
the most difficult part of the instrument. Yet there is
ample space on all the bobbins for random winding, since
it is neither practical or necessary to layer wind. Details
for simple coil winders have appeared in the press'.

Assuming all the circuit elements to be soldered to tag
strips, note that the lead from each grid capacitor goes
through R, to one of the busbars. It is best to start with
R, about 4-7M11. Then the lower end of all the grid leaks
goes to the middle busbar, and the lower or inner end of
each coil to the remaining busbar. Flex leads then connect
these busbars to a four-way terminal block on the outside
of the chassis, the fourth way being an earth to the chassis.
Keying leads come from all oscillators as on Fig. 1 and
pass through alternate holes in the series of 32 already

stop contact

02aF
-I 5V -4 5V

Fig. 6. Vibrato oscillator

drilled. In addition, an extra keying lead is soldered to
each coil centre tap and taken out through the remaining
holes. It is well to use different colours for these two kinds
of lead.

Before continuing with the generator connexions, the
vibrato circuit may be assembled. The circuit for this is
given in Fig. 6. The second valve is a switch so that the
voltage across the 22k1/ resistor is changed cyclically at
the frequency of the phase shift oscillator. One-half of this
double triode is also used as the oscillator for note
number 61, C4. The small dry cells shown have given a
life of over three years, but if a very long life is called for,
Mallory mercury cells type RM12 may be used. The
vibrato frequency is 7-5c/s.

Perhaps the key contacts should be dealt with next,
then it is easier to set up the generator. Undoubtedly the
acquisition of a suitable keyboard will present the greatest
difficulty to the electrical engineer, but it must be empha-
sized that no satisfaction can ever be obtained from any
instrument unless the keys are sound and of the proper
dimensions. Fortunately, such keyboards are not expensive
and will last a lifetime. The compass we require is 5

octaves, CC to C46.
It is assumed that mechanical compactness is required

and for this we specify " back hung " keys. Although
these are frowned on in the pipe organ world, such well-
known electrical tone producers as Hammond, Baldwin
Wurlitzer and Compton use them. Let us take a section
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contact adjustment
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bake lite

Fig. 7. Section of keyboard

silver wires

through this kind of keyboard, Fig. 7. The dimensions are
typical. The part which is important is the centre open
space under the keys. This should not be less than 4in
wide. Much has been written on " cheap " contact con-
struction, but the use of incorrect materials spells nothing
but trouble and the proper contacts are inexpensive'. We
are keying d.c. on one contact and a.c. on the other, but
this latter is set to close first so that, by the time the anode
network allows the oscillator to commence, this circuit is
made. Therefore no clicks or thumps can occur; although
in fact if both contacts close at the same time there would
still be no click as the delay for the oscillator is about
50msec. The keys are returned by small coil springs'
threaded on to 2iin by 6B.A. screws in the keys and frame
as shown. Drill the holes with a 43 drill and the screws will 001g.
tap their own threads in this way, they will always remain
tight. The upper limit of movement is fixed by the stop
panel, to be described later; it allows a depth of touch of .

lin and if other kinds of keyboard are used this should be
borne in mind.

The contacts are housed in the central space. There are
61 at the rear and 31 at the front; therefore every key has
a rear contact and the front ones are arranged as follows :
One on CC, one on CC4t, one on D#, one on F, one on G,
one on A, one on B; and then on every alternate one to
the top of the compass, which will result in C61 having
one rear contact only. The adjustable contact plates are
best purchased', and they are attached by Bin by No. 3
round head brass screws, of which 184 will be required.
Each plate will be found to be bent and the adjusting screw
should be set so that about half the plate travel is taken up.
This will make subsequent setting of the contacts easier.

A small part of the contact wire assembly is shown in
Fig. 8. Prepare a strip of grade 1 Bakelite or perspex 1 in
wide by Bin thick by as long as the inside of the key frame.
184 Tucker. S110 solder tags' and 23ft of 28 s.w.g. standard
hard silver contact wire8 are needed. The wire is cut into

Fig. 3. Contact arrangement

underside of keys
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adjuster

key plate

lengths of about liin. The solder tags are inserted into the
Bakelite strip (No. 42 drill) as shown and lightly secured
by a tap with a centre punch. Each key requires two tags
within its width facing to the rear, and two tags facing the
front for such notes as have secondary tuning contact
plates. Now every alternate tag on each row is joined by
a length of 28 s.w.g. bare tinned copper wire soldered on,
so as to form a busbar for each set of contacts. This wire
must be looped so that it does not touch the other contacts
in between, thus we have a front and a rear busbar as it
were.

At this stage the contact strip can be inserted between the
keys. Meccano brackets are ideal for fixing it to the key -
frame ends. The strip is so positioned that if a piece of
silver wire is laid on a contact plate and on the correspond-
ing tag, it will be horizontal (with the keyboard upside
down). 'It is necessary to make sure the keys are in the
raised position when doing this, so a +in thick strip of
wood can be placed between the bottom of the keys and
the felt to ensure this condition. All the silver wires can
then be soldered in position and it should be noted that it
pays to thoroughly wet the wires with solder at one end
before attaching to the tags.

300-0-3001 80m A

6.81K) SW

Fig. 9. Oscillator power supply

The keyboard should now be stood on end and the wood
strip removed. Depress one key about the middle of the
compass and set the contact plates so that the front plate
touches its wires before the rear one does. Proceed in the
same way for all the notes. It is most important that this
adjustment be correct, and if there is any tendency for
the centre of the contact strip to flex under the pressure
of playing, say, 10 notes, a Meccano bracket should be
attached to stiffen it there. It is understood that all con-
tacts are open when the keys are fully up.

The " live " contacts on both front and rear sides of the
Bakelite strip will be dealt with subsequently, but the two
busbars should be taken out, on flexes of different colours,
to a two-way tag strip at each end of the back of the key -
frame. Mark the rear tag +, the front one a.

We can now revert to the generator and consider the
power supplies. The valve complement is 15 6SN7, 12AU7
or ECC82; also one 6SL7, 12AX7 or ECC83 for the vibrato
oscillator. The h.t. load is approximately 10mA, but in
assessing this we are not taking any main amplifier into
account as is obvious; the tone forming amplifier is
included. Some stabilization is desirable in the present
state of the public supply.

A simple but well -filtered unit such as that of Fig. 9 is
very satisfactory. There is no trace of hum even on full
gain and it must be remembered that part of the instrument
is on full gain all the time. The vibrato oscillator supply
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need not be stabilized. This power unit should be mounted
at the bottom of the case and can be seen, with other
power supplies, at the right centre of Fig. 3.

The heater supply is more of a problem if 6SN7 valves
are used, since they require nearly 10A at 6.3V. It is best
to provide a separate transformer.

Primary. 0.900 + 90 + 90 turns 24s.w.g. enamel copper
wire.

Secondary. 30 turns 10 s.w.g. enamel copper wire.
Maximum secondary current, 12A

If, however, the 12V class of valve is used, the current
becomes 28A and this is easily obtained from a small com-
mercial transformer. In either case, a " humdinger " should

Off

On

TRUMPET

0

Input A

25k0

F

pre -a mplifi:rpre-amplifier
no: 2 no:1

2000T 1500T 1500T

input D

OBOE V IOLE TIBIA 7 FLUTE
input
C

1 o2
harmonic switch

E-4 0
On

VIBRATO

Fig. 10. Stop controls shown "off"

from B
outlet on
generator

2000 T. x

36 s.w.g.
1500T x
36s.w.g.

1500T x
36 s.w.g.

of

switch

core, 4in long x Z in x 4 in
strip stalloy

Fig. 11. Sawtooth filter and details of resonating chokes

be fitted as shown, and the leads, which should be twisted,
should be of very low resistance.

We can now pay some attention to the tone forming
circuits. The voices provided are, flute; tibia; viole; oboe;
trumpet. A harmonic switch is fitted to suppress the funda-
mental on the oboe and trumpet, converting these approxi-
mately to a vox humana and clarion, very useful for special
effects. A modest range of tones, but of excellent fidelity
and quality over the whole of the compass. By additions
to be described later, their usefulness can be much extended.

Fig. 10 is the complete tone circuit and should be

examined in conjunction with Figs. 11 and 13. It is
arranged to conform with the contacts required for the
" stops ", which will be detailed in due course. The oscillator
outlet A is responsible for the flute and tibia tones, while
B is used as generated for the string tone. The same wave-
form is modified by the resonant circuits to form the oboe
and trumpet, in conjunction with the harmonic switch
shown. Fig. 11 shows the sawtooth filter which forms the
harmonic switch and gives details of the resonating chokes,
which it will be noticed are mutually coupled on a common
iron core. Fig. 12 shows the waveforms of actual organ

1 u mpr

Pipes

Oboe

Electrical

k

Fig. 12. Tone spectra-original and as synthesized

pre -amplifier no. 1

003pF

I I -

002pF
IMO

47k0

I
005(1..

121c0

pre._ amplifier no 2

-Or

+ 1BOV

1pF 681,0

6 SN7
Or

12U7

input D 1 900pF-. -1I 6Bk0

Fig. 13.13. Tone mixing circuits

Input to main
amplifier

trumpet and oboe pipes, with the tones as synthesized on
this circuit. Addition of the viole or tibia does not affect
the other tones, but the trumpet masks the oboe as would
indeed be expected. Level controls are provided to set the
volume of the tibia and flute tones as these are found to
be more critical than the others in a room which is virtually
without reverberation. Personal tastes and the kind of
subsequent power amplification used also call for some
adjustment of this kind. The preamplifiers are shown in
Fig. 13.

No detailed instructions for a frame on which to mount
the generating system are given, since the final form could
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be that of a complete two or three manual organ; a simple
unit as now described, on a metal frame; or merely one
keyboard with a multiple plug, which could be laid on a
table with the generator elsewhere, since it is an advantage
of this system that the keys can be quite a long way from
the oscillators. This makes it possible, for instance, to add
the generator as an extra clavier to an existing pipe organ
or even a piano, 2; in representing the total depth required
for the keys, frame and contacts.

Should it be decided to make a complete instrument
including subsequent tonal extensions, the following dimen-
sions are recognized as being an acceptable standard. Over-
all height, 44in. Distance from top of keyboard naturals
to centre DD pedal on pedalboard, 31in. Amount by which
the front end of pedal DDg key is set forward, under the
keyboard, using a line dropped from the front of mid -C
manual key, 101in. Height of stool top from floor, 27in.
Width of stool top, 10in. Length, to embrace pedalboard.
A complete single manual and pedal organ using this
generator was illustrated in the September 1953 issue of
this journal, page 372. A complete two manual and pedal
instrument using the subsequent tonal extensions will be
shown at the conclusion of these articles.

Now there are a few practical details concerning connect-
ing up the units. A strip of Bakelite lin wide, 35in long
and 1/16in thick can be fixed across the rear of the key
frame, and should have 65 Tucker 5.110 eyelets inserted in
a row. The extreme right- and left-hand tags are marked +,
those next being marked B. Stick on small squares of white
card bearing the indications. Then, each note should be
similarly identified, e.g. C/61 B/60 A #/59 etc., so that the
connexions will be obvious from the outside. To connect
the tags, take a flex from C/61 to the idle tag of the cor-
responding rear row under the keys, and for B/60, to the
corresponding tag of the front row. This procedure is
carried out over the whole compass; but it will be found
that the rear tag for B/60 is not connected. This must be
joined to the C/61 -tag which has just been brought out
to the rear tag strip. Similarly, A/58 must be joined to
A /59, G/56 to GI 57, and so on; otherwise there will be
no h.t. supply to those oscillators when re -tuned by the
cathode capacitors.

If the leads from the anode networks of the oscillators
have been similarly marked there will be no difficulty in
connecting to the correct keys. Equally, the outlets from
the coil centre -taps are taken via the correct capacitor (from
Table 1) to the appropriate keyboard tag. The capacitor
values are, of course, based on the tolerance of these
elements being fairly close. If they are not, then padding
with smaller units must be resorted to, since the value will
have to be within one part in a thousand of the correct
values. For while the primary note can be tuned by the
coil over a wide range, once this tuning is set we rely on
the value of the capacitor for correct secondary tuning.

The question of the initial tuning of the whole instru-
ment can be tackled in several different ways, but if the
constructor is at all uncertain, by far the best procedure
is to call in a piano tuner for the initial setting up. The
tuning is very stable and will hold for at least six months;
even then, possibly only one or two notes will require
re -tuning and this is found to be due to ageing of the
paper capacitors. After these have been corrected, most
notes have remained in tune during the three years over
which this circuit has been undergoing life tests.

One of the not inconsiderable advantages of this circuit
is that we are not so concerned about the frequency

response of any loudspeaker envisaged, since, in contrast
to records or radio, we have the means of adjusting the
generator response to what we like. This does not mean
that we can force a powerful bass out of a small cone, but
it does mean that given a good unit in a suitable enclosure,
the overall tonal balance can be regulated to suit a par-
ticular room. This accounts in part for the smooth response
of the tone generator with a complete absence of resonances,
regrettably prominent in some systems.

It is not proposed to supply any amplifier or loudspeaker
details since nearly all modern circuits perform admirably
with this generator. If, however, the addition of a further
bass extension is contemplated, then we are faced with a
response down to 32c/s. This calls for a I5in loudspeaker
and one of the better amplifiers. It has been found, taking
a cross-section of the several installations of this generator,
that 5 to 6 watts is an adequate maximum for the average
home. A simple amplifier which performs well up to 7 watts
has been described in this journal'. The bass response of
this circuit is only down 1dB at 4c/s and it is completely
stable.

However, it will be assumed that a suitable amplifier
and loudspeaker is available. It is almost certain that, in
running over the compass, some notes will be louder than
others. This can be compensated for, and regulated as
desired, by altering the value of the 4.7MS/ resistor R, in
the A outlets. Reducing the value will increase the level,
but the minimum value permissible is imn. On the other
hand, an excessively loud note may require up to lOMft
This may also apply if any pronounced physical resonance
is met with, due to some peculiarity of the room.
Thienhaus-Willms'° has shown that the optimum effect
from a combination of reeds and flue pipes is practically
a straight line over the whole compass, but this is in part
due to the flue pipes rising to a maximum intensity between
C, and C, with a peak at Co; and the reeds decreasing
slightly but steadily from CC to C,. We shall then find the
best effect if the resistors are set to produce the above flue
pipe characteristic on the tibia; the resonant circuits will
automatically produce the required reed response. The
viole is practically uniform over the whole compass and,
being a Quiet voice, this is just what we want. Thus a
properly -balanced tonal spectrum can be obtained and this
will have the correct perspective for any combination of
the voices selected.

Now we have a complete music generator capable of
giving satisfying results in itself, and in further articles we
will consider :

(1) Possible mechanisms for the stop controls;
(2) a wide -range solo generator for an extra keyboard;
(3) a pedal generator for bass notes;
(4) an octave coupler mechanism.
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A Square Wave Inductance Bridge
By K. Lamont*, M.I.R.E.

Orthodox inductance measurement of small laminated cored components gives no direct informa-
tion regarding core losses. It is possible, under certain circumstances, to obtain direct indication
of the eddy current loss by simultaneously balancing a bridge at more than one frequency. An ex-

perimental bridge utilizing a square wave signal is described.

MHE testing of laminated iron cored transformers and
I inductors frequently presents problems by virtue of the

number of parameters involved. The technique to be
described was developed in order to facilitate measurement
of inductance and eddy current loss independently of copper
loss in small transformers normally operating at low flux
densities.

The Behaviour of Iron Cored Inductors
Before the bridge technique is explained, it is relevant

to consider the behaviour of an iron cored inductor and to
deduce its approximate equivalent circuit. As is well
known, the losses due to eddy currents increase with
frequency and above a certain frequency the inductance
starts to fall. An inductor having eddy current losses only
may be represented as an inductance and a resistance. Up
to a certain critical frequency, the inductance may be con-
sidered either as being in series with a resistance which is
proportional to the square of the frequency, or as being
shunted by a constant resistance. The shunt equivalent
circuit is the most convenient one in the present instance
and this aspect will be considered throughout.

Above a certain frequency, interaction takes place
between the eddy current flux and the main flux in each
of the individual laminations with the result that the outer
surface performs no useful function. Consequently, the
inductance starts to fall, and the eddy current losses, though
still increasing with frequency, do so more slowly. This
state of affairs implies that eddy current loss can no longer
be represented by a constant (i.e. non -frequency dependent)
resistance. The critical frequency, up to which the square
wave technique is useful, depends upon the core material
and lamination thickness and is given approximately (see
Appendix) by :

0.1 p 1 dut2

where t is the lamination thickness in cm.

The Principle of Square Wave Excitation of Bridges
The use of square waves as a means of resolving for

example series -shunt ambiguities, which would otherwise
require measurement at more than one frequency, is not
new'''. The basic bridge circuit previously described by
Roddam3 was found to be most suitable under practical
conditions and it has the virtue that both signal source and
detector may be earthed one side.

The bridge was designed to cover 10mH to 100H in four
ranges, a choice being available between a 50c/s or 10kc/s
square wave having 10 per cent to 90 per cent mark -space

-  Formerly Cinema -Television Ltd.

ratio or a 50 per cent to 50 per cent 1 000c /s square wave.
This arrangement has been found to be generally useful in
the case of miscellaneous small transformers. As will be
described, it was found possible to make approximate
measurements of winding capacitance which, though not
accurate in absolute terms, were helpful in checking relative
values.

The circuit arrangement employed by Roddam is shown
in Fig. 1, and in such a form it is unsuitable for inductance

Fig. 1. Roddam's circuit arrangement Fig. 2. Constant resistance network

Zi Z2

a °-(0061-0L °--111---° /1.<`2

b .--i CK2a 0 0,-oo-H-0 C
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c

L
I 1 I

R2

/0

.

RI CK2

I I

L/K2 .

C K2I R2

K2-ZI Z2
Fig. 3. Reciprocal impedances

measurement. However, by application of the theory of
inverse or reciprocal impedances', it is possible to arrive at
a circuit arrangement' in which inductance may be
measured in terms of capacitance which is, of course, more
convenient in practice. Fig. 2 shows a constant resistance
network in which Z, and Z2 are reciprocal impedances, thus
Z, and Z2 may be any pair of impedances (or others
appropriately related) shown in the table in Fig. 3. An iron
cored inductor and its reciprocal are equivalent to the Z,
and Z, networks shown in Fig. 3(e) and these items, it

AUGUST 1955 357 ELECTRONIC ENGINEERING



Unknown
Fig. 4. Basic circuit arrangement

will be recalled, will not upset the resistive property of the
Fig. 2 network. The bridge may now be redrawn in such
a way as to have an arm equal to R in each side, one side
containing a straightforward resistance and the other the
network of Fig. 2; such an arrangement is shown in Fig. 4.
A bridge in which the various parameters may be indivi-
dually balanced has now been derived, and it only remains
to consider the practical aspects.

Practical Considerations
The practical circuit is shown in Fig. 5, and it will be

observed that minor changes have been made to the method
of balancing out winding resistance and capacitance as 'it
was not required to measure winding resistance and accurate
evaluation of self -capacitance was not necessary. The wind-
ing resistance being usually small, it is normally more
convenient merely to reduce the R element in series with
the unknown by the appropriate amount, rather than to
compensate by means of a shunt component in the balance
network as shown in Fig. 3(e). So far as self -capacitance
balance is concerned, the procedure adopted was for a coil
to be incorporated in the balance network which would
balance out say 500pF in the unknown. A calibrated vari-
able connected across the unknown may then be adjusted
for balance, provided the unknown does not represent a

A. K2-
R,

Fig. 5. Practical circuit

R

L
A2
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Unknown

/(2(C+

capacitance greater than 500pF. The exact arrangement
would depend upon the use to which the bridge is to be put.

For zero balancing arrangements, provision is made
to switch in a simple resistance R in the lower arm, when
the zero adjustment may be set up. A standard type of
oscilloscope having adjustable gain is satisfactory as a
" detector ", and the extent to which the overall response
is maintained depends upon the circumstances. One of the
most important features is the balance/ unbalance trans-
former: this must be carefully designed if a satisfactory
zero is to be obtained, which in turn limits the overall
accuracy. Ranges may be switched by simultaneously
changing all three R arms. The variable resistance element
in the balance network is constructed in the form of a con-
ductance box and may therefore be calibrated directly in
terms of the unknown shunt resistance, of which it is the
reciprocal.

Conclusion
Though little time has been spent in its development,

the bridge described has been found to be generally useful
and capable of accurate measurement of inductance and
shunt resistance, provided the frequency is not above the
critical value and provided hysteresis effects are small. It
should be remembered that dielectric loss and residual loss
will also be manifest as shunt resistance components,
though normally they will be very high compared to eddy
current loss in laminated cores.

At the time this work was carried out, the writer had
no opportunity for making measurements on Ferrite cored
components. The application of the square wave technique
would be limited to those regions in which both real and
imaginary components of p. are substantially independent of
frequency.

The technique would appear to have possibilities in the
determination of unknown complex impedances.
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APPENDIX

Derivation of equivalent parallel circuit for an iron cored
inductor in which eddy current losses are significant.
Limiting conditions for square wave inductance measure-
ments.

LIST OF SYMBOLS

a = Cross-sectional area of core (cm2)
f = Frequency (c/s)

4/1 = Total flux
H. = Magnetizing force at surface of a lamination

(Oersteds)
H. = Magnetizing force in a plane parallel to the

length of the lamination xcm from the central
plane

/ = Magnetic path length of core (cm)
L. = Low frequency inductance = 471-N2ap./109/

(Henries)
L. = Equivalent shunt inductance allowing for

effects of eddy currents (Henries)
Initial permeability (at low frequencies)
Number of turns on winding

=
N=
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R. = Equivalent shunt resistance due to eddy current
losses

p = Resistivity of core material (cm') (m12)
t = Thickness of lamination (cm)
u = Core material factor = 27rt V (f (.41 p))
w = Angular frequency (27rf)

X. = Equivalent shunt reactance with eddy current
losses

Y = Admittance of iron cored inductor (mhos)

Consider a lamination 1cm wide and tcm thick in which
magnetic flux is flowing longitudinally. The thickness t is
assumed small compared with the width.

x

Fig. 6. Eddy current and magnetic flux in lamination

The e.m.f. xcm from the central plane (Fig. 6) may be
written:

Ex = 01).1 108

Assuming the flux to be uniform over the range dx:
= (w/ 108) (<I'. + 2p.H.dx)

21.0,11H. ,
ER.F4x - = -j - az

108

or:
,7AH.dE dx - -j 2070

(1)18
The eddy current produced by this voltage is given by :

E.= = (Ex/ 2p) dx
2p/dx

The value of H. in the range dx being given by:
dH. = (47r/10) I.
d'H.I dx2 = 7211. (3)

Differentiating equation (2) and substituting for dE I dx,
we may write:

(1211.1 dx = y2Hx (3)

where y = 27r V [2j(f/i/p)].

The solution may be shown to be of the form:
cosh yxH. - H0

cosh 7(02)
where H. is the field at the surface of the lamination.

It is clear that the behaviour of a given magnetic material
is characterized by the quantity y and it is therefore desir-
able to relate the total flux to 7:

t12

= I Hxdx
-(t/2)

from which:
2µH.= tanh y(t12)

or alternatively :
2t,uH.- tanh (1 + j) u/2 (4)

(1 + j)u
where u = 'yt I V(2j) = 27rt V f(d u I p)).

It will be observed that u, which is a more convenient
parameter than y, is a simple quantity depending only upon
the physical constants of the core material used. As equa-
tion (4) represents the total flux in a core of cross-section t
we may now introduce the core dimensions and derive the
admittance of a laminated core inductance.

Rewriting equation (4):
(1 + j)uH. -

2tia tanh (1 j) uI2
Thus in an inductor having a magnetic path length 1 we
may write the magnetizing current as:

ion(1 + j) u
I

87rtµ1V tanh (1 + j) u/2
and since the applied voltage:

E = jcoW . 10-8

The admittance may be written:
(1 + j) u

Y coth (1 + j) u/2
2j07L.

where Lo is the low frequency inductance

(in this case a = t).
We may therefore represent an iron cored inductor as a

parallel combination in which:
2c6L0 cosh u - cos u

Re =

4rrN2a,u

and:
u sinh u - sin u

1091

2toLo cosh u - cos uXe - j = WLe
u sinh u + sin u

It may be shown that for values of u < 2, Re and Le
are independent of frequency. The operation of a square
wave bridge is thus restricted to values of u < 2. Since
hysteresis loss cannot be represented as a non -frequency
conscious resistance, hysteresis effects must be small, i.e.
the measurements must be made at low flux densities.

Putting u < 2, the usable frequency range for square
wave technique may be written :

f < p 7r2t2µ
This figure approximates to 10kc/s for 0.014in Stalloy.
This implies that the use of a waveform having com-

ponent frequencies greater than 10kc/s will not permit a
perfect " zero " to be obtained at balance. Some latitude
is, however, permissible, depending upon the ultimate
accuracy desired and upon any preference which may
exist in the use of certain frequencies. Thus in the case
of the experimental bridge described it was desired to
obtain as much information as possible upon circuits con-
taining frequency components up to 40kc/s, and the
resultant " zero " condition was found adequate for the
degree of accuracy required.
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Saturated Diodes
The Characteristics of some Commercially -Obtainable Valves

By F. A. Benson*, M.Eng., Ph.D., A.M.I.E.E., M.I.R.E., and M. S. Seaman*, B.Eng., Grad. I.E.E.

The characteristics of several types of saturated diode for use as controlling elements in voltage -
stabilizer circuits are presented and compared with those for the 29C1 diode which have been
previously reported by the authors'. Short- and long-term tests have been carried out and several

of the valves have been examined at ratings in excess of the specified limits.
It is concluded that the A2087 and AV33 valves have rather poor long-term characteristics compared
with the 29C1 diode which is capable of performing satisfactorily as a stabilizer controller, while
the large -filament -power requirement of the GRD6 valve is a disadvantage for continuous saturated -

diode operation.

SATURATED diodes are now commonly used as the
controlling element in certain voltage -stabilizer circuits,

and a knowledge of the relative merits of different valves
is required. The characteristics of several GRD6
(Ferranti) A2087 (Osram) and AV33 (Amalgamated Wire-
less Valve Company Pty. Ltd. of Sydney, Australia) have
been investigated and compared with the Mazda 29C1
diodes, whose characteristics have been previously reported
by the authors'.

The GRD6 (since superseded by the GRD7) consists of
a single straight filament wire with a concentric anode
structure. The latter is in three parts, the central part being
the main part and the two end parts serving as guard
rings. If the three parts are at the same potential, the field
between the filament and the main anode will be uniform,
and that part of the filament within the main anode is
practically at a uniform temperature. Three valves of this
type, from the same batch have been tested.

The A2087 (CV2171) is a miniature noise -generator
diode, having a single -wire filament. Four valves of this
type, consisting of two lots of two, have been tested.

The AV33 is designed to operate as a saturated diode,
and has two straight filament wires in parallel. Three
valves of this type, from the same batch, have been tested.
All these valves have pure tungsten filaments, as has the
29C1.

Test Circuit
This was the same as that used by the authors for their

earlier tests with the 29C1 diodes'. Filament power was
obtained from accumulators, the filament voltage being
measured with a potentiometer in conjunction with a poten-
tial divider, and maintained to within 0.001V of the desired
value during tests. Anode power was obtained from the
d.c. mains. When testing the GRD6 diodes, the main -
anode and guard -ring currents were measured separately,
the two always being at the same voltage.

Static Characteristics
SATURATED -DIODE OPERATION

As a result of several tests on each valve on different
occasions, it was found that after a short running -in period,
the valves settled down and gave characteristics which are
reproducible. The duration of this period varied between
12 and 36 hours for both the GRD6 and A2087, and

* The University of Sheffield.

between six and nine hours for the AV33, compared with
up to 24 hours for the 29C1. The anode current at given
electrode voltages increased during this period by between
3 per cent and 30 per cent for the GRD6, and between
2 per cent and 5 per cent for the A2087, these increases
being general over the whole range. With the AV33, the
increase was up to 50 per cent at a filament voltage of
3.0V, but only about 1 per cent at a filament voltage of

Fig. 1. Diode characteristics
Anode vol age = 100V for all valves.
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4-4V. At the nominal operating voltage (V1 = 3.7V) the
increase varied between 3 per cent and 15 per cent, this
being of the same order as for the 29C1.

After appreciable changes in electrode voltages, the
valves usually require a short time to settle down. The
GRD6 may require 10 minutes or more if its filament
voltage is changed by about 0.5V or its anode voltage by
about a hundred volts, and requires up to half an hour after
switching on from cold. These effects are much reduced in
the case of the A2087 and the AV33, the initial period after
switching on from cold being about five minutes. If the
anode dissipation is considerably changed, the valves settle
down to their new anode currents within a minute or two.
If the anode dissipation can be maintained nearly constant,
no drifting of the anode voltage has been noticed when the
filament voltage is varied over a small range.

In view of the high operating temperature of the fila-
ments (usually above 2 000°C) the characteristics of the
valves are uninfluenced by normal changes in ambient tem-
perature, and after the initial warming -up period they are
quite stable. The GRD6, A2087 and the AV33 valves do
not appear to be susceptible to mechanical vibration or
shocks, which are sometimes troublesome with the 29C12.

Fig. 1 shows the manner in which the anode current
varied with the filament voltage at constant anode voltage,
from which it will be seen that the valves have similar

TABLE 1
Saturated -Diode Characteristics, Showing Divergences from Mean Values

BATCH AND VALVE
NUMBER

ANODE
CURRENT

(mA)

DIVERGENCE FROM MEAN
ANODE CURRENT

(mA)

(a) 29C1 diodes. Filament Voltage = 40.V.
Anode Voltage = 80V.

1 2.32 + 014 = 6.4 per cent
First Batch 2{

3
2.09
213

- 0.09 = 4.1
- 0.05 = 2.3

4 123 + 0.05 = 2.3
Second Batch -(5 1.81 - 0.37 = 171

6 2.04 - 0-14 = 6.4

7 2.31 + 0.13 = 60
Third Batch .{ 8

9
2.52
2.20

+ 0.34 = 15-6
+ 0-02 = 0.9

Mean 2.18 -
(b) GRD6 diodes. Filament Voltage = 5.5V.

Anode Voltage = 200V (Main Anode only)

1 13.9 + 2.5 = 21.9 per cent
2 111 - 0.3 = 2.6
3 9.2 - 2.2 = 19.3

Mean 11.4 -
(c) A2087 diodes. Filament Voltage = 3.75V.

Anode Voltage = 100V.

First Batch 1f
2.1

6.09
5.74

+ 0.33 = 5.7 per cent
- 0.02 = 0.3

Second Batch 1314 .

5.61
5.61

- 0.15 = 2.6 ,,
- 0-15 = 2.6

Mean 5.76 -
(d) AV33 diodes. Filament Voltage = 3.8V.

Anode Voltage = 100V.

1 316 - 0.11 = 3.4 per cent
2 3.16 - 0.11 = 3.4
3 3.50 + 0.23 = 7.0

Mean 3.27
Maker's data sheet 3.65
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characteristics. For filament voltages below about 3.9V,
the guard -ring current of the GRD6 was less than the main -
anode current, the reverse being true for higher filament
voltages. This shows that the cooling effects at the filament
supports are far from negligible.

The variations in the anode current at given electrode
voltages for all the valves tested are given in Table 1.

It will be seen that two of the three GRD6's varied by about
20 per cent from the mean, while the maximum divergence
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Fig. 2. GRD6 characteristics
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Fig. 3. A2087 characteristics
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noted for the four A2087's was just over 5 per cent and for
the three AV33's was about 7 per cent, compared with
15 per cent for the nine 29C1's.

Figs. 2 to 4 show that the anode currents of the GRD6,
A2087 and AV33 vary very little with changes in anode
voltage. By increasing the anode voltage from 30V to
100V, the anode currents increase by between 8 per cent
and 12 per cent (mean, 9.3 per cent) in the A2087, and
between 9 per cent and 12.5 per cent in the AV33, com-
pared with between 12 per cent and 21 per cent (mean, 17.5
per cent) for the 29C1 over the range 20 to 100V. Increas-
ing the anode voltage of the GRD6 from 60 to 300V
increases the main -anode current by between 6 per cent and
18 per cent (mean, 12.5 per cent) and the guard -ring current
by between 13.5 per cent and 18.5 per cent (mean, 15 per
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Average values for all three valves. (Initial tests).
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-cent) showing the effects of the irregular fields at the ends
of the anode. In all cases, the rate of increase of anode
current decreases with increasing anode voltage.

'OVERLOAD TESTS
Several of the valves have been tested at ratings in excess

of the makers' limits. In the case of the GRD6, this is not
recommended owing to the large amount of heat normally
liberated within the envelope -sufficient to make the enve-
lope too hot to handle. A continuous main -anode dissipa-
tion of 5 watts is sufficient to raise the anode temperature
to dull red, which is not often apparent with the filament
on.

Overload operation of the A2087, AV33 and 29C1 does
not appear to damage the valves. Typical curves for anode

Fig. S. Saturated diode characteristics
Typical anode current/anode voltage curves for excessive anode voltages.
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current against anode voltage for anode voltages up to
200V (the makers' limits for these three valves is 100V)
are given in Fig. 5. Operation at filament voltages above
normal is shown in Fig. 1, but it should be noted that
saturation may not necessarily exist at the specified mini-
mum anode voltages (20V for the 29C1, 30V for the AV33,
and 40V for the A2087).

In general, however, the anode dissipation should be
small compared with the filament dissipation to avoid
drifting and for this reason the makers' recommended
maxima should not be exceeded.

POWER -LAW RELATIONSHIPS
Providing saturation is complete, the anode current can

be related to the filament voltage by an equation of the
type Ia = KV fu, for constant anode voltage. For all four
types of valve, the value of the index n is practically

TABLE 2

Values of the Index n in the Relationship la = K. Vfn

AVERAGE FILAMENT
VOLTAGE
(VOLTS)

INDEX n

29C1 AV33

3.1 - 8.5
3.3 9.3 8.4
3.5 9.0 8.2
3.7 8.9 8.0
3.9 8.6 7.9
4.1 8.4 7.8
4.3 - 7.7

A2087

3.13 8.95
3.38 8.35
3.63 8.0
3.88 7.6

GRD6

MAIN ANODE TOTAL
ONLY EMISSION

4.75 7.95 8.2
5.25 7.7 7.9
5.75 7.25 7.5

independent of the anode voltage, but depends on the fila-
ment voltage, as is shown in Table 2. This again shows the
end effects which are apparent in the figures quoted for
the GRD6.

The filaments of the valves are non-linear resistors, as
shown by their characteristics in Fig. 6. There are small
variations in these results between the valves; about 1.5 per
cent for the 29C1, 3 per cent for the GRD6, 0.5 per cent
for the A2087 and 1 per cent for the AV33. The relation
between filament voltage and current can be expressed
in a law of the type Vf = k Irm, the value of m being
about 1.95 for the 29C1, between 2.0 and 2.1 for the A2087,
between 1.8 and 1.9 for the GRD6 and 1.8 for the AV33
over the normal operating range. (Atte& gives a value of
m = 1.77 for the 29C1, which does not agree with the
present results.)

By combining these results, it is found that /. = K' . Irmn,
where mn has a value of about 16 for these valves. Such
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" constant -current " operation can be obtained by insert-
ing a large resistor in series with the filament, but it results
in rather large losses'.

Low ANODE VOLTAGE TESTS
Tests were carried out on all the valves to see whether

their behaviour in the unsaturated region approached the
ideal as expressed by the Child-Langmuir three -halves
power law.

2.4

2 0
";;

7.!

O 1 . 6

z

a 1 2

uj 0.8
2

LI O.4

3.5

3.0

Ea- 2 5

2.0
I-

z

tg
1 5

oW 10
0
z
.5

05

2 3 4
FILAMENT VOLTAGE (volts)

Fig. 6. Saturated diode characteristics
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Fig. 7. 29C1 characteristics
Typical anode current lanode voltage curves for low anode voltages.
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Typical results are shown in Figs. 7 to 10, which include
those for the 29C1 valves since these have not been
previously published. In the case of the. 29C1, A2087 and
AV33 valves, the anode voltage shown was measured with
respect to the negative end of the filament, but in the case
of the GRD6 the values are relative to the mean potential
of the filament, on account of the construction of that valve.
The ideal field conditions in the GRD6 are shown up in
the much sharper transition from unsaturated to saturated
operation in that valve compared with the others.
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Fig. 8. GRD6 characteristics
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It has been found that over considerable ranges, the
anode current and anode voltage can be related by a law
of the type I. = k . V.v. For the 29C1, the value of p is
about 1.1 at Vt = 3.6V, increasing -to 1.4 at 171 = 4.2V.
Further increases in filament voltage failed to give a higher

Fig. 9. A2087 characteristics
Typical anode current I anode voltage curves for low anode voltages.
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value for p. For the A2087, p has a value increasing from
1.3 at V1 = 3.0V to 1.48 at V1 = 4.25V, and for the AV33
a value of p = 1.5 is obtainable at all filament voltages
above 3.0V. Generally speaking, these relationships are
only obtainable when the anode is positive with respect to
the whole of the filament. A value of p = 1.5 is obtainable
with the GRD6 with filament voltages above 6.0V and
anode voltages above 25V. At 10V on the anode, p has
fallen to about 1.3.

EMISSION EFFICIENCY
This is a quantity which has been used before' to serve

as a basis for comparing the operating temperatures of
saturated diodes, owing to the difficulty of measuring the
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Fig. 10. AV33 characteristics

Typical results for low anode voltage operation. (Initial tests).

temperature by direct methods. The ratio of the emission
current (in milliamperes) to the filament power (in watts)
is, to a first approximation a function of the mean tem-
perature of the filament for a given material. Fig. 11 shows
how this quantity varies with the filament voltage for all
four types of valve, from which it will be seen that the
recommended operating temperature for the A2087 is con-
siderably higher than for the 29C1. Comparison with Fig. 1
shows that at any emission current, the 29C1 and AV33
are operating at about the same emission efficiency.

GENERAL REMARKS
If the relationship between filament current and emission

current is considered, then for the GRD6 and A2087 the
variations between valves are much smaller than those
quoted in Table 1, being about +5 per cent for the GRD6
and +1 per cent for the A2087. This seems to suggest that
the variations between valves are mainly due to tolerances
in the length of the filament wire. With the 29C1 and AV33,
the filaments consist of two wires in parallel, the con-
nexions being made inside the envelope, and, as might be
expected, similar results were not observed for these valves.

Although the characteristics of the 29C1 and AV33
appear to make them non -interchangeable, this is not neces-
sarily the case. With a supply voltage of 6.3V, it has been
found that the amount of external filament -circuit resist-
ance required to limit the emission to any given current in
the range 0.5mA to 5mA is approximately the same for
both valves, the differences being less than 10 per cent.
In general, the resistor would need to be variable over a
greater range to accommodate the variations between valves
and the variations of the characteristics with life. Both

a

tdE

0

E

-
U

U.5

8'
w 0
w

Oa

0 0-
7,

5wo

7 A2087 Total
6 emission

5

4

3
GRD6

2

AV33

Main_

29C 1

anode
only

i
1.7

1-6

.5

IA

,3

2

1

)
)
)7
)6
05

)

)3

)2 /)1 20 25 30 35 40 45 50 5.5
FILAMENT VOLTAGE (volts)

Fig. 11. Saturated diode characteristics
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these valves have been designed around the CV430 specifica-
tions, and have the same base and pin connexions, although
the AV33 is about an inch taller than the 29C1.

Long-term Tests
Four 29C1, two A2087 and two AV33 valves have been

run for varying periods at constant electrode voltages to
investigate the variation of emission with time. As the
GRD6 appeared to be unsuitable for most saturated diode
uses, the authors have carried out no tests on this valve.
All the tests have been carried out with the filaments
supplied with direct current for convenience. The results of
the tests on the 29C1 diodes have already been reported by
the authors'. Attree' has also described some tests on four
29C1 diodes at constant emission current, the variations
in filament voltage and current being recorded. These
results agree reasonably well with the others when the rela-
tionship between filament voltage and anode current is
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Life test results.
Curve no. 1: filament voltage = 3.75V (valve no. 2).
Curve no. 2: filament voltage = 3.00V (valve no. 1).

In both cases. Anode voltage = 90V.
Initial anode currents:
Curve no. 1: 5.68mA.
Curve no. 2: 0.992mA.

35

used, although Attree used an a.c. supply for his filaments.
Some of the author's tests were carried out under overload
conditions with little adverse effect.

Attree' also reports on a life test carried out on a single
GRD6. From the data he gives, it appears that the emission
of a GRD6 deteriorates at a somewhat greater rate than
a 29C1 under equivalent conditions.

The results of the life tests on the A2087 diodes are
shown in Fig. 12. Both valves were run at an anode voltage
of 90V. One valve was run at a filament voltage of 3.75V
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Fig. 13. AV33 characteristics
Life test results.

Curve no. 1: filament voltage = 4.00V (valve no. 1).
Curve no. 2: filament voltage = 3.75V (valve no. 3).

In both cases. A node voltage = 90V.
Initial anode currents:
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Curve no. 2: 3.08mA.
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(maker's typical operating voltage is 3.7V), its anode current
decreasing by about 15 per cent in the first 400 hours, but
after this it started to increase, returning to its initial
value after about 750 hours. When the test was discon-
tinued after 800 hours running, the anode current was
increasing at a rate of approximately 1-5 per cent per hour.

The other valve was run at a filament voltage of 3.0V,
and rather surprisingly its anode current decreased at a
faster rate than for the first valve. The rate of decrease is
considerably greater than for the 29C1 valves, the anode
current decreasing by 30 per cent in about 27 days, com-
pared with 70 to 120 days for the 29C1. This result was
unexpected considering that the valve was operating at an
emission efficiency of about 0.55mA/W, compared with
approximately 0-7mA/W for a 29C1 running at a filament
voltage of 4-0V. Small random variations, which were
observed during the running of the 29C1 and AV33 were
not observed during the life tests of the A2087.

The results of the life tests on the two AV33 diodes are
shown in Fig. 13. Again, the anode voltage was 90V for
both valves, the filament voltages being 4.0V and 3.75V.
The anode currents of both valves decreased at about the
same rate, the rate again being considerably greater than
for the 29C1, a 30 per cent decrease having occurred in
about 30 days.

Rather surprisingly, on the 67th day the diode running
at the lower filament voltage was found to be running on
only one filament wire, the other one having burnt out.
The remaining wire was then emitting 60.7 per cent of the
anode current noted the previous day, which suggests that
the burnt -out wire had developed a " hot spot ", since the
valve continued working on the remaining wire for another
30 days.

Conclusions
The rather poor long-term characteristics of the A2087

may be due to its not being designed for continuous opera-
tion as a saturated diode. The makers give a life of only
1 000 to 2 000 hours when used as a noise generator under
typical operating conditions. Since the AV33 has been
designed as a saturated diode, its poor long-term charac-
teristic is surprising.

As previously mentioned, the GRD6 is an experimental
valve, and its rather heavy filament -power requirement is
a disadvantage for continuous saturated -diode operation.

The 29C1 is capable of performing satisfactorily over
quite a large range, and in addition, for most saturated -
diode circuits, the twin -wire filament (also found in tht:
AV33) is a useful safety factor, since it appears improb-
able that both wires would fail almost simultaneously, with
possible detriment to other components in the circuit.
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LETTERS TO THE EDITOR
(We do not hold ourselves responsible for the opinions of our correspondents)

A Design Method for Direct -coupled
Flip-flops

DEAR SIR,-We would like to comment
on several points in Mr. Renwick and
Dr. Phister's article in your June issue.
The limiting valve characteristics shown
in Figs. 3(a) and 3(b) seem to us to be
unduly optimistic. Those in Fig. 3(a)
(which we assume refer to the CV455)
represent a tolerance of ± 25 per cent
on the average characteristic, and those in
Fig. 3(b) a tolerance of ± 27 per cent.

Referring to the CV specification for
the CV455 it is regrettable that no limit
figures for the anode current at zero grid
potential are given. They can however
be estimated as follows. The specifica-
tion states that with an anode potential
of 250V and 200f1 cathode resistor the
anode current must lie between 7 and
14mA, and the mutual conductance be -
between 4.5 and 6.5mA/V. Thus at the
lower limit of anode current a potential
of -1.4V is applied between grid and
cathode. Neglecting for the moment the
variation of mutual conductance with
anode current, the minimum anode cur-
rent with zero grid potential is 7 +
(1.4 + 4.5), i.e. 13.3mA. Similarly the
maximum values of anode current and
mutual conductance give a maximum
anode current at zero grid potential of
14 + (6.5 x 2.8), i.e. 322mA. These
figures represent a tolerance of ± 41.5
per cent of their mean value. Repeating
these calculations for the CV138 under
the specified test conditions (V. = Via
= 250V. Rk = 1601-2) gives a minimum
anode current of 14.7mA and a maximum
of 302mA representing a tolerance of
--L-34.6 per cent of the mean figure. The
increase of mutual conductance with
anode current would tend to increase the
limiting values of anode current and, to
a lesser extent, the tolerance.

It must be pointed out that the figures
in the CV specification relate to a new
valve, and that for design purposes it is
essential to make allowance for the re-
duction in anode current and mutual con-
ductance during life.

There is no doubt that to design a
circuit that would operate with any valve
within the CV specification all the above
factors would have to be considered. To
do so, however, would present the de-
signer with severe difficulties and prevent
him from using the valve to the best
advantage. We have found that reason-
able tolerances to allow are + 30 per
cent and - 50 per cent of the average
value. These figures take account of
initial tolerance and ageing. We feel that
while most new valves would fall within
the limits given by Mr. Renwick and Dr.
Phister, they could not be expected to
remain so for more than a comparatively
short life.

In connexion with resistor tolerances
we would stress the importance of con-
sidering not only the initial selection
tolerance but such factors as voltage and

temperature coefficients, climatic condi-
tions and ageing. Information on the
change in resistance due to each of these
causes separately can be obtained from
Specification RCS 112 of the Inter Ser-
vice Standards, but unfortunately the spe-
cification gives no indication of the
change to be expected when the various
factors operate together as occurs in
practice. Merely to add the individual
changes gives figures which in the light of
experience seem unreasonably high, e.g.
in the case of Grade 2 (composition) re-
sistors operated under temperate condi-
tions a variation of ± 40 per cent would
have to be allowed for in addition to the
initial selection tolerance. More de-
tailed information from manufacturers
and testing authorities on this subject and
on valve characteristic tolerances under
the conditions encountered in switching
circuits would be of the greatest help to
circuit designers.

Yours faithfully,
F. BECKETT,
D. M. TAUB,

Ericsson Telephones Ltd,
Beeston,

Nottingham.

The Authors' reply:
DEAR SIR, We are well aware of the

fact that the tolerance on anode current,
for given anode and grid voltages, per-
mitted in the CV specification is usually
about 40 per cent. The characteristics
shown in Figs. 3(a) and 3(b) were never
intended as an accurate representation of
the permissible spread in valve character-
istics, although in the case of the CV455
the limits were those measured for both
halves of a batch of 100 valves and for
the CV138 a batch of 20 were measured.

Your correspondents rightly stress the
importance of considering the variation
in value of resistors due to various causes
in service. We would point out, how-
ever, that the effect of most of these fac-
tors can be reduced by taking some simple
precautions, if possible. For example,
resistors can be sited in such a way as to
reduce the temperature extremes to which
they may be exposed.

The object of the circuit designer,
especially when the circuits are for a
large computing machine, is to reduce
the probability of circuit failures, and
the effect of all components must be
taken together. A flip-flop which has
resistors outside the design tolerance
range is not necessarily unstable since the
drift in value of the resistors must be in
opposite directions to produce instability,
and the valve also must be near the lower
tolerance extreme. Similarly, if the re-
sistors are close to the design tolerances,
in fact if their ratio is close to the design
tolerances, the valve characteristic may
be considerably less than the design

minimum and the circuit will remain
stable.

The whole question of circuit design
for reliability is one which is receiving
our attention in this laboratory and we
hope to publish some of our conclusions
in the near future.

Yours faithfully,
W. RENWICK,

The University Mathematical
Laboratory,
Cambridge.

Cascode Amplifier Degenerative
Stabilizer

DEAR SIR.-I am grateful to Mr. 0. S.
Puckle for drawing my attention to the
E.M.I. patent which, I note, was not pub-
lished until 24 November, 1954. The
patent describes the use of a modified
cascode amplifier (Fig. 1) (i.e. a conven-

Fig. 1. The E.M.I. circuit.
British Patent Specification No. 719,064 repro-
duced by kind permission of H.M. Stationery

Office.

tional cascode with one additional re-
sistor), as in the article in this Journal.

Unfortunately, the specification avoids
all reference to either valve types, com-
ponent values (with two exceptions) or to
the gain actually obtained. However, it
is apparent from the circuit diagram that
both the reference neon and the cascode
anode -load are run from the unstabilized
supply. This gives rise to unwanted feed-
back which will result in loss of perform-
ance. Further, there seems no advantage
in using two tetrode valves in the shunt
amplifier instead of a double triode.

I should like to comment on two state-
ments made in the text of the patent.
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Firstly (line 97) it is stated that the gain
is enhanced if the grid of the upper valve
is taken to a tap on the divider chain,
instead of to a point of fixed potential.
This is strictly true but it is perhaps as
well to note that the gain from the upper
grid is relatively low and that the gain -
improvement is only about one per cent.
Secondly (line 108), the high gain of the
lower valve is attributed to the high im-
pedance at the upper cathode. This also
is true but not particularly helpful in
estimating the overall gain. As I see it,
to a first approximation the impedance
at the junction point is 1/gm, so that the
gain to the junction is gm,/gm, and from
the junction point to the load is gm,Ra.
This gives an overall gain of gmiR, which
does not involve the impedance at
the junction.

Yours faithfully,
V. H. ATrREE,

Manchester College of Technology,

Effect of Instrument Impedance in the
Measurement of "Quality Factor" by

Parallel Resonance
DEAR SIR,-Mr. J. P. Duncan uses for

the comparison of unequal impedances a
measuring technique which is much more
versatile than his note (p. 235 May issue)
suggests. As his equations show, the im-
pedance (Z0) of his measuring instrument
has no influence upon the calculated
impedance ratio. Z,, may therefore have
any impedance whatever, provided it re-
mains constant during the comparison.

This statement conflicts with Mr. Dun -
can's, that Z, must be resistive. The
reason is that he leaves Z, connected to
the resonant circuit while tuning it. If,
instead, he adjusts V,/ V, to a maximum,
Ze can have any value whatever.

fig. I. Voltmeter Fig. 2. Voltmeter
bridged across A. bridged across B.

In Fig. 1 the " voltmeter " of imped-
ance C is bridged across A and current
Lk flows in C; in Fig. 2 across B and the
current is iB.

By Thevenin's theorem:
iA = EiA I { (AB +C (A +B)}

and iB = E2B/ { (AB +C (A+B)}
so that A I B = (iA E2)1(iB E1) (To prevent
harmonics upsetting the reading of the
meter, C can be tuned circuit). The
inverse proposition is also true for im-
pedances in parallel (Fig. 3).

In this case A I B = (IB 71)/(IA 1.2) (Note
the inversion).

An impedance comparator based on
Figs. 1 and 2 uses a " voltmeter " (C) of

about 5002 shunted by several thousand
picofarads to compare impedances of
10k12 or more at audio frequencies. The
ultimate precision of such comparators,
particularly at radio frequencies, is con-
ditioned by the stray capacitance to
ground of element C (ignored in the dia-
grams).

The two propositions above were pub-
lished in British Patent 573 615 in which

Fig. 3. Impedances in parallel.

the extension of the principle to a co-
ordinate a.c. potentiometer was des-
cribed. For such a purpose two currents

and i, are required to flow in two slide
wires Pi and P,. It is necessary that

= ial and that f, is in quadrature
with i1.

This is achieved as shown in Fig. 4.
It will be seen that Ei and E, of Fig. 1

and Fig. 2 have now been made identical,

Fig. 4. Impedance comparator.
R = R

= X2 = X
P1= P2 = P

so if Ri=Re, Xi=X, and Pi=P, the cur-
rents i, and i, bear the ratio -j
(Imperfections in the capacitors can be
allowed for by an artifice described in
the patent quoted). If, in addition,

= li,I as required. Residual
reactance or self -capacitance of Pi and
P2 has no effect provided P1=P2

A number of interesting extensions of
these propositions are possible. One,
which is not at first obvious, is shown in
Fig. 5.

iR

- s

-

Fig. 5. An extension of the proposition.

For the special condition that
/Z/ = R, the two currents ill and iz

have equal magnitude if
.R2

The quantity p can include the internal
resistance of the power source E, but in
general p and q need not be individually
resistive.

Yours faithfully,
E. R. WIGAN,

B.B.C. Research Department.

The Correspondent replies:
DEAR SIR,-Mr. Wigan draws atten-

tion to the generality of the technique
described in your columns in the May
issue of your journal. He further des-
cribes some interesting and valuable ex-
tensions of this technique.

The writer's interest in this matter was
incidental to an electrical analogue study
of mechanical problems. These are des-
cribed in Engineering, 1 April, 1955, page
404. The development of a Q meter
which could be devised with resources
available to him was his primary con-
cern. The circuit described was one of
several that were tried and its properties
as quoted in your pages were derived
from first principles.

Mr. Wigan speaks of a " conflict "
between the writer's general result and
his statement that Ze must be resistive.
This qualification is accompanied in the
original letter by the same explanation as
is given by Mr. Wigan. It was stated to
justify the writer's conscious choice of
a method for tuning the resonant circuit.
The measuring instrument available hap-
pened to have an impedance which was
almost entirely resistive. Thus it was a
practical convenience to follow the proce-
dure outlined. The need to adjust V1/ V,
to a maximum, involving some repeated
measurements or the detection of mini-
mum line current, was thus avoided. In
using the term " voltage generator " a
controlled constant voltage E is implied
and can readily be ensured practically.

The writer fully appreciates the neat-
ness of the technique which Mr. Wigan
describes. He feels that in the particular
problem under discussion, the method of
tuning the resonant circuit and of allow-
ing for the variation of source voltage is
a matter of convenience and personal
preference.

Yours faithfully,
J. P. DUNCAN,

Engineering Department,
University of Manchester.

Erratum
In the letter from Mr. T. H. B. Baker

which appeared in the July issue, p. 323,
the " procedure " should read as follows:

(1) Set cursor over Xe on D.
(2) Bring X, on C under cursor.
(3) Note value of A opposite the "1"

or "100"' on B and subtract unity.
(4) Set cursor to new number on A.
(5) Bring X2 on C under cursor.
(6) Read answer on C opposite "1" or

"10" on D.
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ELECTRONIC EQUIPMENT
A description, compiled from information supplied by the manufacturers, of new components,

accessories and test instruments.

Digital Counting Units
(Illustrated below)

THE digital counting unit Type
CU.541A is a direct reading elec-

tronic counter capable of operating at
any speed up to 100kc/s from input
pulses of the appropriate shape. The
units may be connected in cascade to
give as many places of decimals as may
be required and the output of the unit
is designed to provide the necessary
pulse for operating the unit which
follows without any intermediate circuit
being necessary.

Indication of the count is given on
the illuminated numbered scale on the
front of the unit, counting proceeding
from 0 to 9; at the tenth pulse it auto-
matically resets to 0 and at the same
time provides an output pulse for

operating another counting unit. Thus
in addition to counting and indicating,
the unit divides the frequency of the
input pulses by a factor of ten. It may
be reset to 0, after having reached any
count, either by applying a positive
pulse to the reset line which is brought
out to a pin on the base, or by opening
the reset line circuit.

The counting unit is constructed in a
black anodized aluminium case, con-
nexions being made through an inter-
national octal plug mounted at the base.
Uniformity of performance and a high
degree of reliability is achieved by the
use of printed wiring techniques.

The CU.541B unit is similar in con-
struction and specification to the
CU.541A and differs only in that it re-
sets to 9 instead of to 0, a requirement
in certain time -base applications to
reduce the delay between the operation
of a reset or "start" control and the
commencement of counting.

Racal Engineering Ltd,
Western Road,

Bracknell,
Berkshire.

Precision Wirewound Resistors
(Illustrated above right)

THE main feature of this range of wire -
wound resistors is a protective coating

of polythene approximately 1/16in thick.
The formers are of ceramic (Steatite).

Resistors can be supplied adjusted to
any accuracy up to 0.1 per cent of the
nominal value ± 0.01E2 whichever is the
greater. Adjustment is carried out at
20° C. and they will remain within the
stated tolerance up to the maximum
power rating.

Where required resistors can be sup-
plied in matched pairs (or larger quanti-
ties) to even greater accuracy.

The winding is put on in sections, each
adjacent section being wound in oppo-
site directions to reduce the inductance
to a very small value.

They are available in power ratings of
IW, +W and 1W.

Rivlin Instruments Ltd,
7a, Maitland Park Villas,

London, N.W.3.

Silicone Rubber Glass Cloth Tapes
(Illustrated below)

DUNLOP silicone rubber glass cloth
tapes are produced by coating a

glass fabric of high tensile strength with
silicone rubber, which is a recently
developed synthetic material combining
the properties of flexibility, elasticity
and ease of fabrication found in natural
rubbers with the ability to withstand
extremes of temperature.

It retains its rubber -like properties at
temperatures far above those which
cause other rubbers to decompose. It
may be operated at a continual working
temperature of 250°C and will withstand
a maximum of 300°C intermittently. At
the other end of the scale, some grades
of silicone rubber will begin to stiffen
in the region of -50°C while others
will remain flexible down to -80°C.

The use of this material near the
upper temperature limit will not jeopar-
dize its efficiency in the sub zero ranges.
This means that it has an operational
temperature range of 300°C.

As the dielectric properties are main-
tained over this extensive temperature
range, silicone rubber glass cloth tape
provides a valuable electrical insulating
material.

Vulcanization after assembly bonds
the tapes into a homogeneous, moisture -
proof and oil -resistant jacket which,
unlike resinous coating and insulations,
does not become progressively more
brittle when exposed to a high tempera-
ture.

Dunlop Rubber Co. Ltd,
Cambridge Street,

Manchester, 1.

U.H.F. Signal Generator
(Illustrated below)

ARECENT addition to the Marconi
Instruments range of signal genera-

tors is the u.h.f. signal generator type
TF 1078. This instrument covers the fre-
quency range 960 to 1 250Mc/s in one

continuous band; the tuning dial has an
arbitrary numerical calibration and its
reading is related to frequency by refer-
ence to a chart; both dial and chart
allow a high order of discrimination and
give a frequency accuracy of 0.3 per
cent. The instrument incorporates a
high -quality piston attenuator and has
an effective output impedance of 50n.
A crystal voltmeter monitors the output
from the attenuator which is calibrated
over a range of 110dB relative to the
maximum power output of 1mW.
Normally, the ouput from the generator
is c.w.: but switching and a coaxial in-
let on the front panel permit external
pulse modulation at recurrence frequen-
cies up to 100kc/s. The modulating
system has a design which allows the
reproduction of pulses with durations as
short as 0-5,asec.

Marconi Instruments Ltd,
St. Albans,

Hertfordshire.

Noval Plugs and Sockets
(Illustrated above right)

THE McMurdo Instrument Company
announce that their range of moulded

B9A (noval) type plugs and sockets is
now generally available.

The range is divided into two sec-
tions. One includes the plug which may
be inserted in any standard B9A valve -
holder. With cover and cable clamp
this is the XLM9/USP, and less cover, is
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the XLM9/USP.1. It is shown in
exploded and complete views
the accompanying illustration.

The other section includes mating
plugs and sockets with a 'D' shaped
central locating key, as shown in the
illustration, to assist in blind insertion.
The plug is known as the XLM9/UTP
and the socket as the XLM9/UTS, and
both are also available without cover
and cable clamp.
_To complete this section, chassis

mounting versions of both plug and
socket are available.

The McMurdo Instrument Co. Ltd,
Victoria Works,

Ashtead,
Surrey.

the
in

Silver Brazing Alloy
EASY-FLO silver brazing alloy is now

available in a new form. In certain
brazing applications, the nature of the
assembly is such that a paste preparation
is more convenient than brazing material
in one of the more familiar solid forms.
Easy-flo paint, consisting of a mixture
of finely divided Easy-flo metal powder
and flux in a liquid medium, has been
produced to meet such requirements. It
will satisfactorily braze a wide range of
materials and can be used with any of
the various methods of heating in
general use.

Johnson, Matthey & Co. Ltd,
78-83, Hatton Garden,

London, E.C.1.

Moulded Relay
(Illustrated below)

THE body of this relay (type MOL) is
moulded from high grade insulating

material and designed so that the sec-
tions bearing the contact terminals can
be removed without disturbing the
adjustment. The contact springs are
mounted in a moulded block which
allows for individual contacts to be
replaced easily if required.

The relay can be fixed direct to a
panel of any material by means of
2-4B.A. screws. The terminals of both
coil and contacts are of the screw type,
but if required connexions can be made
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from the back of the panel by means of
stud terminals. This feature applies only
to 'make' or 'break' contact arrange-
ments.

The coil of this relay can be supplied
for voltages up to 450V a.c. or 165V
d.c. The power required for operating
is between 1 and 3W.

A variety of contact arrangements
are available; from one to five sets of
'make' or up to three 'break' or change-
over. The standard contacts are rated at
5A at 230V a.c. and are 6mm solid
silver, other contact material can be
fitted for certain conditions.

Overall dimensions of the relay type
MOL are approximately 3iin by liin
by gin.

Londex Ltd,
Anerley Works,

207, Anerley Road,
London, S.E.20.

Vibration Generator
(Illustrated below)

ANEW and larger model has recently
been added to the range of

Goodman's vibration generators. This
is the model 16/600 which is a dual

armature design having a peak force of
5001b.

The thrust force factor is 27Ib/A,
the maximum continuous current rating
is 13A, the d.c. resistance is 5.512 and
the impedance at 500c/s is 282.

A trunnion mounting is supplied com-
plete with each generator and permits
four driving angles of 30 degrees inter-
vals between vertical and horizontal.
The trunnion incorporates lifting eyes to
enable the instrument to be moved easily
during transit.

A dual armature system is employed
consisting of a number of coils of
special heat resisting enamelled copper
wire wound on two light alloy formers
which are suitably slotted to minimize
eddy current damping. Series -parallel
connexions of the coils are afforded by
terminal links.

Goodmans Industries Ltd,
Axiom Works,

Wembley,
Middlesex.

Power Supplies for Klystrons
(Illustrated above right)

APPLIED Electronics recently an-
nounced a range of power supply

units designed specifically for the opera-

tion of development and experimental
equipments utilizing klystrons, travelling
wave tubes and similar devices.

Maximum power available within the
range is 10kV at 1A; equipments can be
supplied either fully enclosed or suitable
for rack mounting.

The model illustrated is the AP.2
which provides the following voltages
referred to the klystron cathode :-
Resonator : 250 to 350V positive : 30mA

with 0.05 per cent regulation. Ripple
content 10mV max.

Reflector : 0 to 250V negative : lmA
max with 0.05 per cent regulation.
Ripple content lmV max.

Heater Supply : 6-3V 1A.
The meter provides monitor facilities

for positive and negative outputs and
cathode current.

Both sine and sawtooth modulation
can be applied to the reflector while
oscilloscope sweep with variable phasing
is also incorporated.

Applied Electronics,
3a, Chestnut Grove,

New Malden,
Surrey.

Decade Resistance Box
(Illustrated below)

THIS resistance box employs a patent
11 position switch, which enables the

bulk of the capacitor box to be much
less than would otherwise be the case
and also results in a considerable saving
in manufacturing costs.

The three decade switches, 10's, 100's
and 1 000's enable any ohmic value be-
tween 10 and 1 lkS2 to be set in 10's. The
switching action is very firm and definite,
with the result that the value set is always
obtained to within one per cent, which
is the tolerance of the resistances em-
ployed.

The lower values are wire -wound, the
higher values are of top -grade carton.
The current capacity is 100mA for the
1" decade 35 mA for the 2", and 10mA
for the 3"1. It weighs 21b and is 8in by
3-lin by 3in.

Winston Electronics Ltd,
Hampton Hill,

Middlesex.
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CHAPMAN & HALL

Just Published

NINTH EDITION

OF

MATHEMATICS
FOR

ENGINEERS
PART ONE

by

W. N. ROSE, B.SC.
540 pages Illustrated 21s. net

In the ninth edition of the first
part of this standard work, a gen-
eral revision has been carried out
and a few minor alterations have
been incorporated. But the gen-
eral plan and form of the book
remains the same as in previous
editions, which have been so

widely used and appreciated.

37 ESSEX STREET, LONDON, W.C.2

CATHODE RAY
TUBE TRACES

By H. Moss, Ph.D.

Price I0/6
(Postage 6d.)

This monograph is based on

a series of articles published

in Electronic Engineering

and contains in addition,

the elementary theory of

common types of traces with

notes on their production.

Order your copy through your bookseller

or direct from

Electronic Engineering

28 ESSEX STREET, STRAND, W.C.2

BOOK REVIEWS
Magnetic Amplifiers

By H. F. Storm. 545 pp. 368 figs. Demy 8vo.
John Wiley & Sons, Inc., New York. Chapman
& Hall Ltd., London. 1955. Price 108s.

THIS book comprises three introduc-
tory chapters by associates of Dr.

Storm at General Electric (Schenectady)
on the physics, properties and testing of
magnetic materials; seventeen chapters by
Dr. Storm on the theory of saturable
reactors and magnetic amplifiers; and a
chapter each on " Core and Coil Assem-
blies " and " Metallic Rectifiers " to-
gether with six chapters on different fields
of application by G.E. engineers. Of
the last, the chapter by Dr. E. F. W.
Alexanderson on the use of saturable
reactors about 1920 for telephonic modu-
lation of radio transmitters powered by
high -frequency alternators is of out-
standing historical interest, and although
it is of a different kind from the rest of
the book its inclusion is very welcome.

The author states that the book is ad-
dressed to " practising (sic) electrical
engineers and to senior students of elec-
trical engineering " and that the treatment
is based on physical principles with the
mathematics limited to undergraduate
level. Although the reviewer believes
that this treatment is the correct approach
to the engineering of magnetic amplifiers,
there are times when the author seems to
pander unduly to the limitations of the
undergraduate: on page 71 four num-
bered formulae are involved in going
from the peak value to the mean rectified
value of a sinusoidal e.m.f., and the sheer
weight of symbols begins to be confusing
when a fairly simple step on page 77 is
introduced as " Substituting from Eqs.
5.31, 26, 32, 33 into 5.34 gives . . . ."

Dr. Storm's theoretical analysis is
based throughout on the behaviour of
the magnetic core, with currents such as
the control current presented as depend-
ent variables. Since the behaviour of
the magnetic amplifier is governed by the
core this is a fundamentally sound ap-
proach, and although it seems unusual to
those who have thought of saturable
reactors as elements in electric circuits,
it pays dividends when one comes to the
" half -cycle " (or " Ramey ") magnetic
amplifier. Incidentally the very brief
treatment of the latter is justified by
pointing out that its control circuit must
handle instantaneous voltage and current
which are each as large as those of the
load circuit, and that the presence of a
rectifier in the control circuit gives it very
poor zero -stability.

There is a table of the very many
symbols used in the book (nearly five
pages long), citing where necessary the
number of the formula which defines
the quantity, and this makes it possible
to use the book for reference as well as
for systematic study. (An item of
nomenclature which is not obvious is
" output resistance," which is defined as

the sum of the load resistance and the
resistance of the circuit in the magnetic
amplifier through which the load current
flows). In addition to the bibliography
by chapters there is a supplementary
bibliography of 1954 papers and both a
subject index to the book and a name
index to the bibliography. This book
can be warmly recommended to anyone
who wishes to undertake a serious study
of magnetic amplifiers.

D. A. BELL.

Sensitometry
By L. Lobel and M. Dubois. 263 pp. 60 figs.
Demy 8vo. Focal Press Ltd. 1955. Price 25s.

THIS volume, written by two leading
emulsion scientists, starts by explain-

ing fundamentals. It concerns itself with
all the basic facts which will help any
amateur to understand the many graphs
and curves on data sheets of films, plates
or papers. For the benefit of the labora-
tory worker, it also deals fully with the
apparatus and methods used to obtain
these data.

Special chapters are devoted to colour
sensitivity and its effect on filter factors;
to colour photography where consistent
results depend on accurate matching of
emulsion characteristics; and colour
printing where sensitometric control pro-
vides the only scientific check on quality.
A final section consists of a comnrehen-
sive introduction to sensitometry in
photographic sound recording and repro-
duction,

Dictionary of Television Radar
and Antennas

By W. E. Clasen. 720 pp. Dcmy 8vo. Elsevier
Publishing Co. Distributed by Cleaver -Hume
Press Ltd. 1955. Price 120s.

IN
planning this new dictionary the

author and publisher have been guided
by certain principles proposed by
UNESCO. The object of these princi-
ples is to ensure that the volume shall fit
into place in a pattern which, it is hoped,
may progressively extend over all inter-
related fields and cover all necessary
languages.

The basic word list is English, British
and American usages being clearly dis-
tinguished, and definitions in English are
included for each subject. The other
languages have alphabetical word -lists
numerically keyed to the English list.
Extensive typographical experiment has
shown that the system of arranging cor-
responding words in the several languages
horizontally was the most helpful. Lan-
guages have been arranged in Anglo-
Saxon, Latin, and Germanic groups.

The convenient size, flexible binding
and excellent printing will make this
dictionary of permanent value to its user.
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Short News Items
The Council of the Radio Communi-

cation and Electronic Engineering Asso-
ciation has appointed a publicity com-
mittee consisting of the following :
C. H. T. Johnson, Decca Radar Ltd ;
S. C. Naish, Redifon Ltd; R. P. Raikes,
Marconi's Wireless Telegraph Co Ltd ;
J. Read, Standard Telephones & Cables
LW ; V. M. Roberts, British Thomson -
Houston Co Ltd ; E. E. Walker, Metro-
politan -Vickers Electrical Co Ltd ;
W. M. York, E. K. Cole Ltd. Mr.
Roberts is chairman of the new com-
mittee. He and Mr. Johnson are mem-
bers of the Council of RCEEA, and Mr.
Raikes, Mr. Walker and Mr. York are
members of the Public Relations Com-
mittee of the Radio Industry Council,
Mr. York being chairman of that com-
mittee.

The BBC has been informed by the
Post Office that the first section of the
permanent vision link between London
and the Continent, ordered by the BBC
last January, will be completed in Sep-
tember this year. This section consists
of a two-way coaxial cable circuit
between London and St. Margaret's
Bay. The next section, which will be
a two-way radio link across the English
Channel, has also been ordered but is
not due for completion until 1958.
Meanwhile, in order that Britain can
participate in a series of international
television programme exchanges plan-
ned for the coming autumn, the coaxial
cables will be temporarily extended from
St. Margaret's Bay to Swingate, near
Dover, where the BBC and Radio -
diffusion -Television Francaise will pro-
vide and operate a temporary two-way
radio link across the Channel between
Swingate and Cassel in Northern
France.

The Institution of Electrical Engin-
eers recently held a premiere of a film,
"The Inquiring Mind", produced for
them by Verity Films Ltd. The pur-
pose of the film is to depict the diverse
fields of opportunity open to electrical
engineers. Particulars regarding loan of
the film may be obtained from the
Secretary, The Institution of Electrical
Engineers, Savoy Place, London, W.C.2.

The Nuclear Power Plant Co Ltd,
registered with an authorized capital of
£lm, is a recently incorporated com-
pany which will concentrate on the
research, design and construction of
nuclear power stations. A group of
firms who either have had close asso-
ciation with the United Kingdom
Atomic Energy Authority in the design
and construction of the Calder Hall
Atomic Power Station, or in experi-
mental reactors for Harwell, are asso-
ciated with this new company. The
combination of these firms will enable

the Nuclear Power Plant Co Ltd to
design and construct atomic power
stations in any part of the world.

The Broadcasting Division of Mar-
coni's Wireless Telegraph Co Ltd have
established the first fully -equipped tele-
vision training studio of its type in
Britain at St. Mary Abbot's Place,
London, W.8. The centre is available
to any organization wishing to use the
equipment for training their own studio
and production staffs. A complete
training course in the operation and
maintenance of television studio equip-
ment is undertaken by the Marconi
College. Among those making use of
the facilities are Associated-Rediffusion
Ltd.

1st International Exhibition of the
Peaceful Uses of Atomic Energy,
Geneva. Several SIMA members will
be taking part in this exhibition. Ten
have combined to form a joint stand
covering 330sq.ft. Isotope Develop-
ments Ltd will be exhibiting a wide
range of equipment for industry, re-
search, and experimental and power
reactors.

The Battersea Polytechnic announce
a series of lectures on "The Theory of
Microwave Circuits" to be given on
Wednesday evenings from 7 to 9 p.m.,
commencing on 12 October. The lec-
tures will be suitable for graduates in
Physics, Mathematics or Electrical
Engineering. Inclusive fee for the series
is £4 4s. Application for admission
should be sent with the fee as early as
possible to the Secretary (Microwave
Circuits Course), Battersea Polytechnic,
Battersea Park Road, London, S.W.11.

Standard Telephones and Cables Ltd
have received an order, through their
associates, The Nippon Electric Co Ltd,
Tokyo, for an extensive Standard s.h.f.
radio network for installation in Japan.
This will cater simultaneously for tele-
phone and television requirements
between Osaka and Fukuoka over a
route distance of about 385 miles.

Standard Telephones and Cables have
also received an order, worth more
than £125 000, placed by the Govern-
ment of Burma, to equip a new overseas
radio telephone and telegraph centre.
New radio stations at Rangoon will pro-
vide Burma with a direct public radio
telephone circuit to London, and radio
telephone and telegraph circuits to
Madras. ' These stations will assist
Burma in communications with the
Commonwealth and other parts of the
world, putting the Burmese telecom-
munication services on a par with the
other modern international systems.

The British Thomson -Houston Co
Ltd were hosts to members and friends
at the summer meeting of the Radio
Section of the Institution of Electrical
Engineers, which this year was held at
Rugby. Part of the programme con-
sisted of a tour of the B.T.H. Rugby
lamp works and the electronics factory,
where a selection of electronic equip-
ment was in various stages of produc-
tion and assembly. The tour of the
Rugby works concluded with a demon-
stration of domestic electrical appli-
ances. Some of the party visited the
new Post Office Radio Transmitting
Station at Rugby, which was an alter-
native to the works visit.

The British Thomson -Houston Co
Ltd have established a London Publicity
Department at Crown House, Aldwych.
The Press Officer in London is Mr.
G. A. T. Burdett.

The Leipzig Autumn Fair, covering
consumer goods of all kinds, will be
held from 4-9 September. The Leipzig
Technical Fair will be held next year
from 26 February to 7 March. Further
information may be obtained from
Leipziger Messeamf, Postfach 329, Leip-
zig Cl.

The College of Aeronautics, Cran-
field, held its eighth annual presenta-
tion of diplomas on 1 July. The pre-
sentations were made by the Minister
of Supply, The Rt. Hon. Reginald
Maudling, M.P.

Thermionic Products Ltd have taken
over the exclusive world distribution of
all acoustical equipment developed by
Kelly Acoustics Ltd. All inquiries for
the RLS/1 loudspeaker are being
handled at the head office of Ther-
mionic Products Ltd, Hythe, Southamp-
ton.

British Insulated Callender's Cables
Ltd have instituted a Travelling Scholar-
ship as a tribute to Sir Alexander Roger,
K.C.I.E., for many years chairman of
the company and now its first honorary
president. It will be known as the Sir
Alexander Roger Travelling Scholar-
ship. With a value up to £1 000 in
addition to normal emoluments, it will
be awarded annually to an employee of
BICC or of one of the various companies
of the BICC Group and will enable a
young man or woman of ability to travel
overseas for study, training and general
education for a period of not more than
twelve months.

Edwards & Co (London) Ltd will in
future be known as Edwards High
Vacuum Ltd. The address is Manor
Royal, Crawley, Sussex.
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The Ministry of Education, in con-
junction with the Radio Industry Coun-
cil, has recently conducted a course for
full and part-time teachers of radio and
television servicing and of radio in tele-
communications engineering courses.

E. K. Cole Ltd announce that they
have acquired a controlling interest in
Dynatron Radio Ltd.

The British Radio Valve Manufac-
turers' Association recently held a
dinner at the Savoy Hotel, London, in
honour of delegates to I.E.C. Technical
Committee 39, Electronic Tubes and
Valves.

Hirst Electronic Development Ltd
have taken over an extensive new
factory at Crawley. The address is Gat-
wick Road. Crawley, Sussex.

The Ministry of Supply announce that
Mr. J. Hanson has been appointed Chief
Superintendent, Aeroplane and Arma-
ment Experimental Establishment, Bos-
combe Down.

Hivac Ltd have moved their regis-
tered offices to Stonefield Way, Victoria
Road, South Ruislip, Middlesex.

Goodmans Industries Ltd announce
that Mr. Kevin Hughes has now become
a director of the company.

RCA Photophone Ltd have issued a
list of new RCA products which are
available for supply to customers in the
United Kingdom and Republic of Ire-
land. Details may be obtained on
request from RCA Photophone Ltd, 36
Woodstock Grove, London, W.12.

Jack Davis Relays Ltd have changed
their address to Tudor Place, Tottenham
Court Road, London, W.1.

The General Electric Co Ltd is supply-
ing the General Post Office with equip-
ment for two new television links which
will extend the coverage of the I.T.A.
transmissions. The first of these is a
microwave radio link between Birming-
ham and Lichfield, which will provide
two channels from Birmingham to Lich-
field and one channel in the reverse
direction. The G.E.C. is providing all
equipment for this link, which is similar
to the links supplied by the G.E.C. over
the Eurovision network. The second
link is from Birmingham to Winter Hill,
near Bolton. The G.E.C. is supplying
all the line equipment needed for the
transmission of I.T.A. signals over a
coaxial cable link between these points.

The Radio and Electronic Component
Manufacturers' Federation has now
moved to 21, Tothill Street, London,
S.W.1.

The R.E.C.M.F. has taken a large
stand in the British Exhibition,
arranged jointly by the British Import
Union, Denmark and the Federation of

British Industries, which will be held in
Copenhagen from 29 September to 16
October.

The British Standards Institution
recently organized technical discussions,
visits and social events for some 650
delegates from 25 different countries
during the 1955 series of meetings of
the International Electrotechnical Com-
mission.

Mr. J. A. Smale, engineer -in -chief of
Cable and Wireless Ltd, has been
appointed by the Government of Cyprus
to be first chairman of the new Cyprus
Inland Telecommunications Authority.
The appointment is a part-time one, and
Mr. Smale will continue to serve Cable
and Wireless Ltd in his present post,
visiting Cyprus as necessary.

Mr. H. C. Van de Velde, who has
held senior executive posts in Mar-
coni's Wireless Telegraph Co Ltd and
The Marconi International Marine Com-
munication Co Ltd for thirty-six years,
has relinquished his position as deputy
to the managing director of the Mar-
coni Marine Co. Mr. R. Ferguson, the
general manager, will in future extend
the scope of his responsibility for the
company's affairs as senior executive.

Mr. C. G. F. Pritchett has taken over
the position of chief engineer to Chloride
Batteries Ltd, Exide Works, Clifton
Junction, Swinton, Manchester, in suc-
cession to the late Mr. C. P. Lockton.

Decca Radar Ltd have been awarded
a contract for the installation of Decca
Airfield Control Radar Type 424 at Dum
Dum Airport, Calcutta. This equipment
is to be used as an approach aid at this
airport. Although this is the first instal-
lation of this equipment in India, the
Decca 424 has been supplied for a large
number of military and civil airports in
various countries, including the United
Kingdom, Iceland, France, Germany,
New Zealand, South Africa, Australia,
Rhodesia, and U.S.A.

The Third International Congress on
High -Speed Photography will be held in
London from 10 to 15 September. It
will be sponsored by the Department of
Scientific and Industrial Research, and
will take place at Government Offices,
Horse Guards Avenue, London, S.W.1.
An extensive international exhibition of
high-speed photographic and cinemato-
graphic equipment as well as associated
instrument aids used in the whole field,
will run concurrently with the Congress.
Those wishing to participate in the Con-
gress either by contributing papers or by
supplying exhibits should contact the
Congress Secretariat, Department of
Scientific and Industrial Research,
Charles House, 5-11 Regent Street,
London, S.W.1.

Erratum. We regret that in the article
"Isocline Diagrams for Transistor Cir-
cuits", by Francis Oakes, which appeared
in the July issue, Fig. 9 on page 316
was printed upside down.

PUBLICATIONS
RECEIVED

RADIO ISOTOPE INSTRUMENTATION AND
ACCESSORIES is a new handbook compiled
and edited by Dr. D. Taylor and Mr. A. G.
Peacock. Its purpose is to assist the potential
user of radioactive isotopes in selecting elec-
tronic equipment to suit his special needs. The
first copy of this handbook was recently pre-
sented to Sir John Cockcroft, Director of the
Atomic Energy Research Establishment, Har-
well. The Scientific Instrument Manufac-
turers' Association of Great Britain, 20 Queen
Anne Street, London, W.I.

PLESSEY is the title of a brochure giving a
visual impression of the Plessey organization.
The list of products that appears in alpha-
betical order on each page is intended to give
an idea of the productive output of this com-
pany. Many of the more specialized instru-
ments and equipment have naturally been
omitted. The Plessey Co Ltd, Ilford, Essex.

REMOTE CONTROL BY RADIO, 2nd edition,
by A. H. Bruinsman, Chief Engineer of Philips'
Central Exhibition Service, Eindhoven, has been
published in the Philips' Technical Library
popular series. The first edition was written
to answer the requests for information about
Mr. Bruinsman's radio controlled model ships
whic have aroused the intent of many radio
amateurs. Improvements in the equipment has
made a revised edition necessary. Cleaver Hume
Press Ltd., Wright's Lane, London, W.8. Price
8s. 6d.

MODERN SOLDERS is a completely revised
edition of the original publication. The book-
let contains several interesting articles on the
uses of cored solder and the characteristics of
alloys of which Ersin and Arax multicore solders
are made. More than 35 illustrations include
pictures of soldering processes in factories in
various parts of the world where the com-
pany's products are used. Multicore Solders
LW, Hemel Hempstead.

JOURNAL OF THE INSTITUTION OF TELE-
COMMUNICATION ENGINEERS, NEW
DELHI. The first number of this new journal
was published recently and will be issued as a
quarterly. The Institution of Telecommunication
Engineers, New Delhi, was inaugurated in India
in connexion with the Telegraph Centenary
Celebrations in 1953. The Institution of Tele-
communication Engineers, PX Stores, Curzon
Road, New Delhi.

THE SARGROVE SERVICE TO INDUSTRY
mentions, in leaflet form, the principal items
of equipment available from Sargrove Electronics
Ltd, Alexandra Road, Hounslow, Middlesex.

MARCONI SIGNAL is a leaflet with a card-
board disc which may be turned to find which
of the series of Marconi signal generators is
for use in a particular frequency band. Marconi
Instruments Ltd, Longacres, St. Albans, Herts.

THIRTY-FIFTH ANNUAL REPORT OF THE
BOARD OF THE INSTITUTE OF PHYSICS
shows that the total membership in the several
grades continues to increase steadily and
reached 4 749 at the end of the year. The
newly established Graduate examination was
held in London, Birmingham and Paisley, and
of the 54 candidates who sat only 19 satisfied
the examiners in those papers they were required
to take. The Institute has continued to take
an active part in discussions on higher techno-
logical education. The Institute's 16 local
branches and specialist subject groups again
held many meetings and visited various labora-
tories and works. The Institute of Physics. 47
Belgrave Square, London, S.W.1.
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