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Wireless World

Information retrieval

Into the editorial office of Wireless World flows a constant stream (sometimes
almost a flood) of information; article manuscripts, circuit ideas, letters, application
reports, new products, etc. In addition we receive some 300 different journals from
about 30 countries. We would need a staff of linguists even if we were to attempt
to read them all. However, as circuit diagrams are the lingua franca of electronic
engineers, few of the journals are without interest. The problem which faces us, the
majority of our readers and all designers and research workers is one of information
retrieval.

Many readers, we know, have their own filing systems. Some who tear out
particular articles, letters, circuit ideas, etc. for filing have suggested that all articles
should start on a righthand page and finish on a left. It is, of course, gratifying
to know that the journal is such a valuable reference source, but there would be
production problems if the suggestion were adopted. )

A study has been made of many hundreds of electronic circuits published in
this and many other journals in recent years and an attempt made by four lecturers
at the Paisley College of Technology to classify them. Their research convinced
them that there was a need for a quick-reference source of information on basic
circuits. As a result of their study they conceived of the idea of Circards which
they offered to us for publication. An introductory article, outlining the idea, is
published in this issue together with an article on the first set of 12 Circards, covering
basic active filters, which is obtainable from the editorial office at £1 per set.

It is our intention to publish two more sets in November and December and
on the demand for these to decide future plans for the publication of other sets
of cards. The originators have produced a list of some 60 circuit types which
could be included in Circards.

We hope this attempt to facilitate the ready retrieval of circuit information will
meet a need we know exists among designers.

Desk calculator

We regret the delay in the appearance of this issue which contains the constructional
details for the Desk Calculator, and apologize to the many readers who have been
anxiously awaiting information as to where they can apply for kits. The introductory
article created considerable interest and we hope those who construct the calculator
will find it comes up to their expectations.
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The Wireless World Desk Calculator

Part 2: Construction and operation

by Roger Alexander* and Brian Crankt

Most of the constructional articles in
Wireless World leave room for the reader to
exercise his own expertise and imagination.
We would not normally give detailed in-
structions unless there was some aspect
which was particularly critical from the
electrical performance point of view. With
this desk calculator the situation is some-
what different. A kit of parts, complete to
the last detail, is available and the object of
this articles is to explain how the kit should
be assembled. Each and every part in the
kit has only one correct place in the finished
calculator, therefore this article must of
necessity comprise a very detailed list of
instructions.

Atthe end of the article operating instruc-

*Advance Electronics.
tFormerly deputy editor Wireless Wor/d now with
T. J. Burton Assuciates.

tions are included in the form of worked
examples, including a few typical electronics
calculations.

The kit for the Wireless World Desk
Calculator can be obtained from Advance
Electronics Ltd, Calculator Division, Rayn-
ham Road, Bishop's Stortford, Herts, price
£39.25 plus 75p postage & packing. Send a
crossed cheque, postal or money order for
the full amount with your order. The kit is
supplied packed in polystyrene mouldings
with all the individual components neatly
laid out in a polystyrene tray. An internal

view of the calculator giving the positions -

of the majority of components is shown in
Fig. 12 and the finished machine in Fig. 13.

Points to watch

The two large expanded polystyrene mould-
ings and the cardboard box in which the kit

is packed should not be discarded as they
are designed to protect the completed cal-
culator during storage or in the post should
there be any need to return the calculator
for servicing.§

There are two very critical aspects of the
construction, one of which must be under-
stood by the constructor before the kit is
unpacked. Tt will be noticed that the cal-
culator integrated circuit (TMSI1802NC) is

§The calculator kit is fully guaranteed against
defective parts. If inspection reveals faulty com-
ponents, they should be returned to Advance
Electronics with the appropriate description
and part numbers and they will be replaced
under the guarantee. If the completed calculator
should fail to function properly and attempts to
find and cure the trouble prove ineffective, then
the instrument may be returned to Advance for
repair. A small service charge will be made where
the defect is not covered by the terms of the
guarantee included in each kit.

Son
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Fig. 12. Internal view of the calculator.
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supplied with its leads embedded in what
looks like ordinary black plastic foam
material. The foam is in fact impregnated
with a highly conductive material which
short circuits all the leads during transport
and handling. The reason for this is obvious
when one considers the construction of the
m.o.s. transistors in the i.c. The gate elec-
trode of each m.o.s.f.e.t. is formed from a
small metalized area insulated from the
silicon chip by a very thin layer of silicon
oxide. The impedance of the gates is ex-
tremely high and it is very easy to connect
to the gate leadout wires a source of
high voltage sufficient to puncture the
oxide layer and destroy the i.c. Such voltage
sources include static charges on nylon
clothing or even bodily static charges. Any-
one who has lived with a nylon carpet will
know that such bodily static charges can be
considerable, especially when one touches
an earthed object or some object at a lower
potential. Other sources of destructive high
voltage can arise from capacitive coupling
to the mains or, most important, unearthed
soldering irons. Any attempt to solder the
TMS1802NC calculator i.c. into the printed
circuit board with an unearthed soldering
iron will result in the instant destruction of
the i.c. The TMS1802NC is by far the most
expensive single item in the kit and to en-
sure it is not damaged the following pre-
cautions must be observed:

® Do not remove the black foam until

the i.c. is to be soldered into the circuit

board.

® Before removing the i.c. from the foam

touch some earthed object to discharge

any personal static charges.

® Grip the plastic package between the

thumb and forefinger without touching

the leadout wires.

® Only use a soldering iron of the highest

quality which is connected to a reliable

earth.

We apologize to readers with experience
in handling m.o.s. L.s.i.cs for labouring these
points, but, as such devices may not be
commonly used by some constructors, they
will be the first to realize the importance of
strictly adhering to the rules above.

The second critical point concerns the
l.e.d. numerical displays. There are nine
display packages which have to be mounted
side-by-side on a small printed circuit board
which plugs into the main mother board.
Each package measures about 6.9 by 5.6 mm
and has nine leadout wires. This means that
81 soldered joints have to be made in a space
55 % 13mm (2.2 x 0.52 inches). This requires
a steady hand and a soldering iron with a bit
diameter not greater than 1 or 2mm; if it
has a chisel head so much the better. This
should not present a problem as a larger bit
can be turned down to the correct diameter
in an electric drill and finally shaped with a
file.

There are two other requirements for the
soldering iron: it must have a fairly long bit
if some of the wires are to be connected
without melting the insulation on others and
it must be of low wattage to prevent damage
to the very narrow tracks on the circuit
boards. About 15W is ideal.

If you are in any doubt at all about your
soldering iron, buy a new one as it will cost

you less than £2.

All components, including the i.cs, should
be mounted as tightly to the board as
possible if the proper performance is to be
achieved. It is a good plan nor fo bend
component leads over by 90° on the solder-
ing side of the printed circuit board zs this
is not necessary for good connection and
makes component removal very difficult
during servicing or during the correction of
mistakes.

Access to the individual components
packed inside the two case halves is by re-
moving the single screw at the centre of the
base of the bottom half of the case.

In the detailed instructions which follow
open parentheses () have been placed before

457

5 1)
each item for the constructor to tick as
each task is completed as an aide mémoire.

Assembly

Upper case half (Fig. 14)

{ ) Remove the five strips of self-adhesive
packing foam fitted inside the upper half of
the case and discard.

() Place a piece of gauze over the slots on
the inside at the rear of the case and fix in
position by lightly touching it at about
S50mm (2in) intervals with the tip of a
soldering iron. The idea is to melt a small
portion of the plastics case just below the
gauze so that the gauze is held in position

brightness control

display window I

NI P

on/ot¢
switch

constant
switch

black

red aluminium key plate

: AS‘,& 3

Fig. 13. The completed calculator shawing the positions of the various keys and switches.

mcins cover

key pilate

fabric gauze

red Perspex
window

‘spire’ctip

Fig. 14. Upper case half. The mains cover is not fitted until a late stage in the assembly procedure.
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when the plastic sets. The emphasis is on
the word lightly.

() Push the red Perspex window on to the
three lugs and retain in position with a Spire
clip on the centre lug. The concave side of
the clip should face downwards.

() Remove the backing paper from the
self-adhesive label ‘Wireless World’ and
place in position in the indentation on the
right-hand side of the case front (Fig. 13).

() Remove the backing paper from the
large aluminium self-adhesive key plate and
fit into position on the top of the case half.
The best way to do this is to hold the plate
at an angle of about 45° relative to the top
of the case, locate the rear edge of the plate
into the groove, and then bring the plate
down into position. Press the plate down
firmly to ensure good adhesion. The plate
has a thin protective layer of plastic; do not
remove this until construction is completed.

Lower case half (Fig. 15)

() Fix a piece of gauze over the slots on
the inside of the case halfin the same manner
as before. This time remove a small piece
of gauze from around the bulge in the case.

() Attach the self-adhesive serial number
label to the indentation on the underside of
the case half.

() Attach the self-adhesive lower plate
(a piece of angle aluminium) to the case
without removing the protective film.

() Push the two small rubber feet into
the slots underneath the case with a smali
screwdriver.

5V regulator and heat sink sub-assembly
(Fig. 16)

() Referring to Fig. 16 fit the 5V regulator
(L005) to the heat sink (it will fit only one
way) and bolt into position using two 6.32,
9.5mm (2in) long screws, using a plain
washer and nut on one side and a solder tag,
wavy washer and nut on the other. With
the heat sink in the position shown in Fig. 16
(mounting lugs downwards) the solder tag
should be on the left hand screw.

() With the heat sink in the position
described, solder a red wire to the top lead
out, a black wire to the bottom lead out and
a yellow wire to the solder tag.

(Please observe the colour coding as the
task of the engineers at Advance Electronics
will be made easier should your calculator
ever need servicing).

() Insulate each connection with one of
the small sleeves supplied (do not use the
large sleeve).

Place the heat sink assembly on one side.

Mains switch sub-assembly (Fig. 17)

() Mount the switch to the bracket using
two 8BA, 6mm (3in) long, screws using
plain washers, shake proof washers and
nuts. The photograph shows the exact
method of assembly.

e . -
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Fig. 15. Lower case half. Note the position of the cut-away in the gauze.

6.32x 3/8in u.n.c. screw
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yellow wire |
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Fig. 16. The 5V regulator ard heat sink
sub-assembly.

() Solder red wires to the terminais indi-
cated in the photograph.
Place the assembly on one side.

Fig. 17. Mains switch sub-assembly.
Main circuit board (Fig. 18)
() Solder eight bare tinned copper wire I
links into position between holes connected
by continuous white lines on the main
circuit board (marked L on the photograph).
Do not solder links in the places marked
‘+ volts’, * — volts’ and ‘5 volis’.

88ax Yain bolt
ond plain washer

() Press fit the 21 miniature sockets into
place and solder into position, making sure
that the tops of the sockets are level with
the top of the circuit board. Seventeen of
the sockets (for the display sub-assembly)
fit above the positions for the four d.i.l. i.cs.
The remaining four are situated in the holes
marked 1, 2, 3, and 4.

It will be found that all electronic com-
ponent positions are marked with their

bracket
shake-proof

reference number on the board. yasnen gnsint i
() Fit resistor R,, 220, 0.5W. /| L 7
Fit resistors R, to Rq, 47C, 0.25W. s R ;
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() Fit capacitors Cs and Cq (10uF, 16V).
The printed circuit board has white lines to
show the components’ positions; the. bi-
secting line indicates the positive end. The
black line round the capacitor is the negative
connection. The positive connection is at
the end nearest R,.

( ) Fit diodes. D, 7.5V zener
D,, D4, IN400!1
The white band indicates the positive end.

() Fit bridge rectifiers MR, and MR,
(type WO005). The ‘+’ mark on the rectifier’s
body must line up with the ‘+° mark on
the circuit board. (Ensure that the bridges
are pushed down flush with the board.)

() Fitthe 15V regulator IC, (TBA 625C).
The pip on the TO-5 case must line up with
the marking on the board. Make sure the
bottom of the can is flat on the board.

() Pressfit corrugated heat sink on to /C|.

() Fit fuse holder into the two large holes
to the left of the mounting position for C,
and C,.

() Cut, strip and tin the four wires from
the toroidal coil L,. The red wires go to the
holes marked ‘R’ and black wires to the
holes marked ‘B’. The coil is mounted so
that it stands upright and is flush to the
board.

( ) Fit capacitors C, and C, (1.8nF
marked 1800p) either side of L,. Together
C,, C, and L, form a mains pulse inter-
ference suppressor.

() Fit the hybrid integrated circuit ¢lock
generator in the white package (9698 21280)
so that pin 1 corresponds to the | marked on
the board.

() Fit IC5 and IC, (SN75491N) so that
the ‘horse shoe’ indentation corresponds to
the horse shoe marking on the board.

( ) Fit ICs and IC4 (SN75492N). Each
package has a horse shoe indentation which
must be lined up with the board marking.

( ) Fit capacitors C; (2,200uF) and C,
(1,500uF); the ‘+’ marking on the com-
ponents lining up with the ‘+’ markings on
the board.

( ) Fit the display brightness control
switch S, (three-position slide) in the fol-
lowing manner: Push a 14mm (f%in) 4.40

u.n.c. (unified coarse thread) screw through.

the circuit board from underneath and place
a pillar, the switch and a wavy 4.40 washer
on the screw in that order. Loosely secure
with a nut. Repeat the procedure for the
other switch mounting hole. Tighten up
screws and then (and only then) solder the
switch connections to the board.

( ) Fit S, (two-position slide) to the board
in the same manner as S;.

() Remove the tops of all the key switches
by giving them a slight pull.
It will be noticed that the base of the key

ks
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Fig. 18. Main printed circuit board showing the position of all components.

switches is formed from two snap-together
parts which contain the magnet and reed
switch assembly. These two parts of the
switch are matched and must not be inter-
changed.

The shot-moulded key tops (with the num-
bers, letters etc,) are fully interchangeable.

( ) Fit all the key-switch bases to the
board (they will only go in one way) and
carefully align them both horizontally and
vertically before soldering. Pieces of card
and elastic bands may be of help here.
Solder the switches in position.

If any switches have become misaligned
melt the solder for that switch and ‘juggle’
it into position.

() Strip and tin the three wires from the
5V regulator and heat sink assembly and
solder them to the circuit board pins as
follows:

Red to pin B

Black to pin E

Yellow to pin C

() Identify the two ‘Tapex’ self tapping
screws (when viewed from the thread end
they have a very slightly triangular cross
section). The screws are 4.40 u.n.c. and are
6mm (4in) long. Use these screws to secure
the heat sink assembly to the main circuit
board.

() Lay the mains transformer (7}) in the
oblong cut-out in the printed circuit board
with the white wire to the rear. Bolt the
transformer in position using two 6.32
u.n.c. 8mm (7%in) long screws, 6.32 wavy
washers and nuts. The nuts and washers
should be on the underside of the board.

() Cut the remaining large sleeve in two.

SARANAL o Xl nracholoiot
vaemwa  —— e .-

Place one half over the blue and yellow
wires and the other half over the red, black,
orange and brown wires. These sleeves are
to keep the wires neatly in a bundle and are
not for insulating purposes.

() Solder the transformer lead-out wires
to the marked circuit board pins as follows
(all the wires are tinned and are already cut
to the correct length):

blug wires, one to each pin BL

yellow wires, one to each pin YW

red wire to RD
black wire to BLK
orange wire  to ORG
brown wire  to BRN
white wire toWw

( ) Bolt mains switch to board using two
4.40 u.n.c., 6mm (4in) long, screws, 4.40
wavy washers and nuts. Refer to Fig. 18.
The nuts and washers should be on the
underside of the board.

() Solder the two red wires from the mains
switch assembly to the two pins marked S1
(one wire to each pin!).

() Read the warning notes at the begin-
ning of this article regarding the calculator
i.c. TMS1802NC.

( ) Fit IC, (TMSI1802NC) to the printed
circuit board after removing the conductive
foam. If the i.c. has a horse shoe marking
the device must e fitted so that this marking
corresponds with the horse shoe marking on
the board. That is, nearest to the switch §,.
The i.c. may, however, have a dot on the
package indicating pin 1. If this is the case
the package must be fitted with the end with
the dot nearest to S;.

If the pins on the i.c. do not line up with

oo,
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the holes in the circuit board bend the pins
by pressing them on a flat, insulating, sur-
face. Remember not to touch the pins with
the fingers.

() Solder the mains lead to the main
circuit board pins as follows (the leads are
tinned and have already been cut to the
correct length):

green/yellow to pin E

brown topin L

blue to pin N
This completes the main circuit board
assembly.

Display printed circuit board assembly
(Fig. 19)

The display board involves some fairly
intricate soldering. The constructor must
therefore have a suitable soldering iron and
should preferably be working in a quiet
environment to assist concentration.

The display printed circuit board is
double sided and has plated through holes.
It comes equipped with 17 mounted pins
which have been accurateiy set at 45° and
spaced to match the 17 sockets in the main
circuit board. The alignment of these pins
should not be disturbed.

() Solder the mounted pins to the printed
circuit track on side A of the display board
taking great care to prevent solder running
down the pins. If this happens the solder
will have to be removed before the display
board will plug into the main circuit board.

() Insert one indicator into position LD9
on side B of the board ensuring that the type
number on the package is facing in the
direction indicated on the board. All the
pins on the packages are accurately pre-
formed and the package should be pushed
down as far as the bends on the leads. Hold
the digit in place while turning the board
over. Solder the middle pin only. The middle
pin has only a copper pad to solder to but
as the hole is plated through solder will flow
down into the hole and around the lead.

If necessary the solder connection should
be re-heated whilst gently manipulating the
indicator until the package reaches its final
position. (Hard down against the bends in
the leads and square).

() This procedure is repeated for the
other eight digits (LD8 to LDI) ensuring
that the indicators are inserted with the type
number in the right direction and that only
the middle pin on each package is soldered,
making sure that all the packages finally sit
at the same height. This can be achieved by
very carefully melting the solder round the
centre pin (taking care not to overheat) and
manipulating each individual indicator. All
the indicators should be true and square in
all three planes.

() Cut all the indicator leads off so they
stand about 1.5mm ({5in) proud of side A
of the board.

( ) Solder all the remaining connections,
taking them a row at a time and taking caré
not to miss any. Soldering must be carried
out only on side A of the board. The other
holes in the board do not need soldering as
they are plated through.

() Examine the display printed circuit
board, with a magnifying glass if available,
for conductors bridged with solder and
missed connections.

Power supply test

WARNING: WHENEVER THE MACHINE IS
CONNECTED TO THE MAINS CERTAIN COMPON-
ENTS AND CERTAIN CONDUCTORS ON THE
PRINTED CIRCUIT BOARD ARE AT MAINS
VOLTAGE. CARELESS HANDLING COULD RE-
SULT IN A FATAL ACCIDENT. TAKE CARE.

() Place the main circuit board assembly
in the lower case half, locating the raised
lugs in the holes in the circuit board.

() Fit red ‘plug links’ for the appropriate
mains supply as indicated on the main

nine £.e.d.indicators

row of |
. middle pins
of indicators

Fig. 19. Both sides of the indicator printed circuit board.
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circuit board and insert a 50mA fuse in the
fuse holder.

() Connect a suitable mains plug to the
mains lead in the usual manner:

brown - live

blue - neutral

yellow/green — earth

() Plug the calculator into the mains
socket and switch on the calculator.

() Measure the voltages present at the
pins marked ‘5 volts’, ‘+ volts’ and ‘—
volts’ nearest to Cs and C,. The results
should be as follows (use the case of the
TO-3, 5V regulator as common):

5 volt pin S5V+0.25V
+ volt pin +7.5V+1V
— volt pin -7.5£1V

() Switch off and remove mains plug.

() If the voltage measurements were
within the prescribed limits one can proceed
with the construction. If they were not,
locate and cure the trouble before proceeding
any further.

( )Solderin place three bare tinned copper
wire links marked ‘5 volts’, ‘+ volts’ and
‘— volts’.

() Remove the printed circuit board from
the lower case half and place it on a raised
flat surface clearing the mains transformer
protrusion.

() Push the key switch tops into position
referring to Fig. 13.

() Place the constant slide switch top
(S,) into position with the ‘K’ marking to
the right.

() Place the display brightness switch top
(S;) into position with the red section to
the right.

() Plug the display printed circuit board
into the 17 sockets in the main circuit board.
A considerable amount of force is necessary
so one must be very careful if nothing is to
be broken.

(If it is necessary to remove the display
board at any time carefully lever it upwards
using a large screwdriver, taking care not
to distort the pins).

() Place the main circuit board back into
the lower case half as before.

Functional test

() Replace the mains plug, switch on,
place K switch to right, and perform the
tests detailed in Table 2.

If the calculator does not operate correctly
examine all connections, referring to the
circuit diagram (Fig. 20} and the calculator
description given in the first article. If you
are still unable to trace the fault complete
the assembly procedure and, after carefully
packing the calculator, return it to Advance
Electronics for servicing.
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Table 2

KEY OPERATION
C
1.23456790¢0
Cl
8 8888888
X

Black ==

A% I . .
K’ switch to the far left (constantin)

C

.1234567

.1 234567

Red =

Final assembly

( ) Cut the mains cover (a piece of black
card with two holes punched in it) in the
centre of the two fold lines and fit to the
upper and lower case halves as shown in
Figs. 14 and 15 after folding along the fold
lines.

() Fit the circuit board into the lower
case half ensuring that the lugs fit into the
holes at the corners of the circuit board. It
is best to align the left hand front hole first.

( ) Push the moulding on the mains lead
firmly into the slot at the rear of the case.

() Fit the disc with the red dot into the
groove at the right hand side of the case.
The slot in the disc fits over the mains switch
and the red dot should be towards the front
of the case.

() Fit the second disc in its groove at the
left hand side of the case (spun finish out-
wards) with the peg towards the front.

( ) Fit the display shield (a piece of black
card with a slot cut in it) over the indicators
s0 that it rests on the indicator leads.

( ) Slide the Perspex magnifier over the
indicators, making sure that the printed
circuit board and the display shield fit in
the slots in the magnifier.

( )Placethetop half of the casein position
ensuring that the end discs and the slide
switch tops fit into their grooves and slots.

( ) Secure the two case halves together
with five 6.32 u.n.c., 12mm (3in) long screws
fitted from underneath.

DISPLAY READING

MmO 00

C

—Jom
nmam
mmjunjuy
—mm
rumm

S i R
rurufy rury
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EEE  JEdE
LN LN
ooo oo
JJg1 410

—

() Remove the thin protective film of
plastic from both the aluminium key plate
and the lower aluminium plate.

The calculator is now complete and if it has
been carefully constructed should have a
long and trouble free life. Note that a dust
cover is provided to protect the machine
when it is not being used.

Operating the calculator

Entering a number into the calculator is
simply a matter of pressing the appropriate
keys, as was seen during the test procedure.
For instance, to enter 15.36 one presses key
1, then key 5, then the decimal point key
followed by keys 3 and 6.

The operations which the various keys
perform are set out below. Some of the
explanations may not be clear at this stage
but they will be clarified during the prac-
tical examples.

X : Stores the command to multi-
ply and executes a possible
preceding instruction.

< Stores the command to divide
and executes a possible pre-
ceding instruction.

= (black}: Performs addition. Enters the
last number keyed into the
calculator (which is indicated
on the display) and performs
a possible preceding instruc-
tion.

Performs subtraction. Enters
the last number keyed into the
calculator (which is indicated
on the display) as a negative
number and performs a pos-
sible preceding instruction.

C: Resets the whole calculator

to 0.

= (red):
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Cl: Clears the last number en-
tered (should an error have
been made) and resets the dis-
play register to 0.

K: Enablesthecalculatorto store
the command to multiply or
divide by a number which
does not vary for a series of
calculations.

It will be remembered (Part 1) that the
extreme left-hand indicator is used to indi-
cate if the displayed number is negative or
if some abnormal condition exists within
the calculator. The symbols and their mean-
ings are repeated in Table 3.

When an entry overflow is indicated cal-
culations can continue but the symbol will
remain illuminated until the machine is
cleared.

Table 3

E entry overfiow

[ J answer overfiow

- negative number

entry overflow, answer overflow
and negative number

If the symbol appears which indicates
that the result of a calculation has exceeded
the capacity of the machine the answer will
be correct to the eight most significant digits
and the decimal point must be shifted eight
places to the right to obtain the correct
answer.

Some worked examples follow and it is
recommended that the reader tries these to
familiarize himself with the machine.

During the examples a colon (:) will be
used to indicate that keystrokes have to be
made.

The instruction 5.1: means press key 5
followed by the decimal point key followed
by the 1 key, in other words, enter 5.1. In
the same manner the following instructions
are to be interpreted as follows: x: press
muitiply key; +:-press divide key; B=:
press black equals key; R=: press red
equals key; — K: slide constant switch to
the right; « K. constant switch to the left;
and C: press clear key. The number which
will appear on the display is printed in
square brackets [4159659] whenever the
indicated number is significant.

General arithmetic examples

Example a. 1534279
C:153:B=:279:B=:[43.2]

Example b. 14.8—4.12
C:14.8: B=:4.12: R=:[10.68]

Example c. 15-7+38
C:15:B=:7:R=:8:B=:[16]

Example d. 1.3923905 x 400
C:1.3923905: x : 400: B=:[556.9562]

Example e. —3x8
C:3:R=:x:8:B=:[—-24]
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Example f. 22+7
C:22: +:7: B=:[3.1428571]
Exampleg. 5x(=7)+(-3)
C:5: x:7:R=: +:3:R=:[11.666666]
Example h. M__”_:;

2

C:5:B=:7:B=:3:R=: x:4: =:2:
B=:3:R=:[15]

Examplei. Convert 17.1, 19.5, and 23 inches
to millimetres. There are 25.4mm to the
inch.

C:«K:254: x:

The machine has now stored the instruction
multiply by 25.4 in its constant register.
Proceed as follows:

17.1: B=:[434.34] mm
19.5: B=1:[495.3] mm
23: B=:[584.2] mm

Notice that there was no need to enter the
instruction to multiply or 25.4 betweer: each
calculation, nor was there need to clear the
machine.

Example j. Convert $17.26, $15.33 and 77c
" to pounds assuming that the exchange rate

is $2.55 to the pound.

C: «K:17.26: +:2.55: B=:[6.7686274]

which would be rounded off to £6.77. The

machine has now stored the instruction to

=+ 2.55. Proceed as follows

15.33: B=:[6.0117647] (£)
.77: B=:[0.3019607] (£)

Example k. 74x3

C.«K:7: x:3: B=: B=: B=: B=:
[7,203]

Example 1. 46+ 33

C: «K: 46: +: 3: B=: B=: B=:

[1.7037036]

Example m. Find 32,33 34 35 3"

C:«K:3: x:B=: [9] =32
B=: [27] = 33
B=: [81]=3*

B=:[243] = 3% etc.

Make sure the constant switch is in the
right hand position before the next example.

Example n. Find the reciprocal of 0.000081
(= 1/0.000081).

There are two ways of doing this.

C:1: +:0.000081: B=:[12345.679]

If 0.000081 is the result of an earlier cal-
culation and is already held in the machine
it is inconvenient to use the technique above
to find the reciprocal as it would be neces-
sary to clear the calculator and enter 1 +
and the number.

The calculator holds0.000081 as the result
of a previous calculation (to simulate this
enter 0.000081 followed by B=:). To find
the reciprocal proceed as follows:

« K: +:B=:[1] (indicated) - K: B=:
[12345.679]

To prove the result repeat the operation
« K: +:B=: - K:B=":{0.000081]
This technique can be used to great advan-
tage as will be seen in later examples.

Example o. Find the square root of 35. The
method uses the well known formula:

_Mx,
~2\n "

where n is an approximation and x is the

number the square root of which is required.

A mental approximation can be tried on the
calculator and 5.9 seems reasonable
C:59: x:B=:[34.81] = (5.9%)

which is not far from 35.

To find \/E proceed as follows:
C:59:B=:«K:+:B=:->K:35:B=:
59:B=: +:2: B=:[5.9161015]

The result of this calculation (5.9161015) is
used in place of 5.9 and the procedure is
repeated. Because 5.9161015 is already in
the machine the first three operations are
omitted.

«~K: +:B=:->K:35: B=:59161015:

B=: +:2: B=:[5.9160795]

The procedure is repeated with the new
approximation:

« K: +:B=: - K:35: B=:59160795:
B=: +:2: B=:[59160795]

This is the same as the second approxima-
tion and the process is complete. To
calculate the error, with the result still in
the machine, all one need do is square
5.9160795:

x : B=1:[34.999996]
R=:35: B=":[0.000004]

which represents the error.

In general the iteration process is con-
tinued until the square root is correct to the
required number of decimal places.

Some typical examples in electronics

Example p. Find the resistance R of a circuit
consisting of 3.9kQ in parallel with 5.6kQ
using the formula:

_39x5.6 y
T 39456

This can be solved by calculating the de-
nominator and using the constant register
to store +(3.9+5.6) while 3.9 x 5.6 is being
found:

C: 39: B=: 56: B=: «K: +: B=:
—-K:39: x:56: B=: x:1000: B=:
[2298.9472]Q

10*

Example q. A tuned circuit is required
which will resonate at 10.7MHz; calculate
suitable values of L and C using the formula:

10.7 = 139

JIc

where L is in 4H and C is in pF.

Vv LC =159/10.7

C:159: +:10.7: B=:[14.859813]
(=/LO)
VLC = 14.859813

. LC = (14.859813)2
(14.859813 is already in the calculator)
x : B=1:[220.81404] (= LC)
If a value of 8uH is chosen for L:
C = 220.81404/8

(220.81404 is already in the calculator)
+:8:B=1:[27.601755]
C = 27pF, L = 8uH.
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As an exercise, to prove the calculation,
proceed as follows: (we have already esta-
blished 14.859813 as being ./ LC)
C:27.601755: x:8: =:14.859813: B=:
«K:+:B=:-K:159: B=:[10.7]

Example r. Assuming that the coil of the
above example has a resistance of 5Q cal-
culate its dynamic resistance r, using the
formula:

ry = (L/CR)x 108
where L is in uH, R is in ohms and C is in
pF
rg = [8/(27x5)] x 10°
C:27: x:5:B=: «K: +: B=: - K:
8: B=: x:1000000: B=":[59,259.2]
ry = 59,259.2Q

Examples. Find the Q of the coil in examples
q and r using the formula:

Q = ry/2nfL)
fin MHz, L in yH
C: 2: x:3.1416: x: 10.7: x: 8: B=:
«K: +: B=: —-K: 59259.2: B=:
[110.17958]
Q=110

Example t. The 3dB bandwidth of the tuned
circuit (= f;/Q) can be calculated as follows:
C:10.7: x :1000: +:110: B=:[97.272727]

3dB bandwidth = 97kHz
There are of course many other ways in
which the calculator can be used but by now

the reader should be able to discover them
for himself.

V.H.F. Reception

Wireless World is collecting information
for a survey on the reception of v.h.f./f.m.
sound broadcasts and will be glad to hear
of readers’ experiences and opinions on
this subject. The following topics would be
of interest: design, performance and price
of receivers; facilities on sets; dealers’
experience in selling and installing sets;
users’ experience of buying sets and after-
sales service; comparison of v.h.f/f.m.
broadcast reception with that on medium
and long waves; and interference effects
from other stations (e.g. national vs. local),
from man-made sources and natural
sources.
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A brief examination of the year’s technological trends

The design of modern radio and television
receivers has, to a large extent, settled into
a well established configuration and much
of the recent progress has been concentra-
ted in improving performance and relia-
bility and reducing manufacturing costs.
In addition there is an increasing aware-
ness that the receiver, television or radio,
fulfils more than just the simple job of
reproducing the original transmissions, it
must also form an integral part of the
modern home. This concept has been
evident to a certain degree in cabinet
design and styling from the very beginning,
but now an even greater emphasis is being
placed upon this and ergonomic aspects.

Integrated circuits

The integrated circuit has been seen to
be one of the most potentially significant
factors in improving reliability and reduc-
ing manufacturing costs. Some of the
earliest examples of linear amplifiers to be

used were developments from the simple
operational amplifier, and first appeared
as audio pre-amplifiers in low-cost, high-
volume products. From this time there
was a rapid evolution into low-power
amplifiers delivering up to four or five
watts to a 15-ohm loudspeaker, and thence
into high-frequency applications such as
the 6MHz intercarrier sound i.f. strip in
a television receiver. Shortly after this,
integrated circuit amplifiers capable of
reaching 40MHz were introduced and
found an application in the vision if.
strips.

From this point on, the development
of new integrated circuits for use in radio
and television receivers was dictated by
the set manufacturers, who soon saw the
possibilities of these devices, and limited
only by the ingenuity of the semiconductor
manufacturers. In the past year some new
TV receivers have been marketed con-
taining anything from three to nine integ-

field blanking pulse

rated circuits, and a typical example of
the applications being found for them is
the simplified block schematic (Fig. 1) of
the new G.E.C. single-standard colour
receiver series C2110. Interestingly, the
i.f. amplifier in this set uses discrete com-
ponents, three transistors and the usual
LC tuned circuits. The first integrated
circuit immediately follows the if. strip
and is a synchronous wave detector used
to derive the signal to drive the luminance
amplifier and the chrominance delay line.
This i.c. is similar in its operation to the
Motorola device described in last year’s
review of receivers,* but the device used
in this case is the Mullard TBA 270Q
which appears to have an additional
feature designed to generate an a.f.c.
voltage which is fed back to the varicap
tuner module. The method of producing
this voltage is interesting since it employs

*Television Receiver Review, October 1971, pp 470-
472,
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Fig. 1. Block diagram of the new GEC colour TV receiver series C2110.
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Fig. 2. Typical external circuitry for Emihus ETT6016 touch tuner

a second LC tuned element, capacitively
coupled to the synchronous detector tuned
circuit to form a quadrature circuit similar
to the familiar Foster-Seeley discriminator.
The voltage output of this is fed to a phase
detector followed by a d.c. amplifier which
provides a voltage to correct the bias of
the varicap tuning diodes.

The 6MHz intercarrier signal is also
derived in the TBA 270Q and is fed into
yet another i.c. which performs the func-
tion of sound i.f. limiter and detector. To
complete the line-up of integrated circuits
in the sound section, a Texas Instruments
SN76013 provides about 2 watts into the
20-ohm loudspeaker.

Chrominance information is fed to the
luminance and chrominance signal pro-
cessing panel where it connects to a
TBA 560Q i.c. via the chroma input coil.
Similarly luminance signals are fed to the
same i.c. via the luminance delay lines.
The TBA 560Q additionally provides d.c.
contrast control, a black level clamp
circuit, brightness control, flyback blank-
ing and beam current limiting. The a.g.c.
for this circuit is derived from the next
panel which consists of a reference oscil-
lator, the function being provided by a
TBA 540 integrated circuit.

The output panel carries two more
integrated circuits providing first a de-
modulation of the colour information
followed by a pre-amplification of the
colour difference outputs and R-G-B
matrixing. A final i.c. operating as a line
oscillator and sync separator completes
the line-up used in this set.

Jungle circuits
Many new TV sets use similar arrange-
ments of integrated circuits to a varying

degree and in the more complete examples
of integration few functions are left for
inclusion in this type of packaging. As a
result there has been an emergence of a
multi-purpose i.c. which collects together
many of the odd, remaining circuits under
a collective title of the “jungle circuit”.
Typical of the types in use now is the
Motorola MC1345P which provides an
a.g.c. keyer, amplifier and delay together
with noise inversion and a sync separator.
Similarly the TBA 550Q used in the new
Philips 17in monochrome set, model
7320, fulfils the several functions of video
pre-amp and detection, noise gate and
detector, a.g.c. and sync separation.

In several instances it is obvious that
full advantage has been taken of interaction
between the set manufacturing division
and the semiconductor design depart-
ment when these two functions are within
the purview of one company. This is
evident in the products of RCA, Motorola
and Philips, where jungle chips have been
made to meet the specific requirements of
their own set designs.

An interesting parallel development is
taking place in the field of hybrid micro-
circuits to perform similar functions, and
a spokesman at the RCA semiconductor
division predicted that these could become
an important evolution ideally suited to
producing packages designed for specific
set manufacturers. Adopting this approach
reduces the initial high design and develop-
ment costs inherent in the monolithic i.c.
and at the same time allows a degree of
freedom for individual design ideas pro-
duced by the set manufacturers.

Integrating several circuit functions
together is the next step, and some

waana amaricanradiahictan, cam,

evidence of this is seen in the combined
sound if. and audio amplifiers recently
designed by Sprague and National.

Control functions

A principal point of low reliability is the
switched connections made in both TV
and radio receivers and in recent years the
increasing use of varicap tuning has helped
in alleviating one constant source of
trouble. However, with the limited capaci-
tance ratio available, it has still proved
necessary to switch the bias voltage to
these devices, thus leaving a potential fault
liability in the system. Philips, in introduc-
ing their touch tuning TV sets some two
years ago, took a step in the right direc-
tion, one that has been reinforced recently
by new integrated circuits being developed
by beth Siemens and Emihus.

The Emihus ETT 6016 is a p-type
m.o.s. circuit (Fig. 2) incorporating a six-
channmel sensing device which can be
operated from a two-pin sense plate. The
input points are each connected to the
drain of an f.e.t. and also a d.c. amplifier,
and the source connected to a common
supply rail of + 33 volts. Resistors marked
R, connect each input to a zero voltage
rail, thus providing an operating potential
and setting the input impedance. Sense
plates can be directly connected to each
of these input points, the sensing potential
being connected to the second plate. Since
the vzlue of this voltage affects the circuit
sensitivity, and operation is possible with
a.c. on the second plate, a convenient
source is suggested as 50Hz mains applied
to the sense plate via the 10M Q protection
resistors (Rp ).

On touching the two sense plates a
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small 1.5pA current flows, building up
the 15 volts across R, necessary to turn
the device on. Since the output of each
d.c. amplifier is connected via a latch to
the gate of its associated f.e.t. the channel
impedance drops to around 125 ohms
and the potential on the input pin rises
to +33 volts. Indicating neon tubes are
also connected to the input pins and to
240V a.c. and so the tube associated with
the “on” channel lights. A second m.o.s.
switch driven from the same d.c. amplifier
and latch connects a separate +33V
rail to the varicap tuner to modify the
bias and thus effect channel switching.
Diode D, is an isolation diode, as are
the diodes D,, and the additional diode
D, acts as temperature compensation.

Stepping from one channel to the next
can be achieved by using the circuit
shown in Fig. 3, where the application of
a negative-going pulse to pin 9 of the
ETT 6016 for 50 to 1004s achieves the
necessary aim. The CR network consist-
ing of R, and C, removes spurious
pulses due to contact bounce, R, dis-
charges C, between steps and C, de-
termines pulse length.,

At the time of going to press full details
of the Siemens i.c. were not available,
but it is known to provide similar
functions.

Remote control

Facilities for remote control do not seem
“to have caught on in the U.K. as they have
in other parts of the world. However, since
a large part of the TV market is supplied
from Continental, East European and Far
Eastern countries where such ideas are
popular, it is not surprising to see a few
models of this type appearing in the UK.
Earlier this year Grundig introduced two
new colour TV sets, both of which utilized
rather novel ideas for set control. Desig-
nated models 5010 and 6010, the concept
starts with the electronic programme
selection unit. Here a different technique is
employed to that used by Emihus, and
instead a central control unit consisting of
logic elements forming an ascending step
switch with seven positions each allotted
to a preset station makes the basic unit.
In the 5010, touch tuning is employed.
The hum pick-up appearing as the
elements are touched, is converted to a
square wave by a limiting circuit and
applied to an ic. counter. When the
count state 'in the i.c. agrees with an
internal reference the pulsed channel
switches on. Since this type of unit lends
itself well to remote control, in the 6010
an additional portable cordless unit is
provided for this function. Working on

remote
stepper control
r————-- b
: Oij
[
| P\~ m -
l : \/s.\/:/\. ..... \./‘
. :
J

push to make

A modern colour receiver used as a test
bed for the Emihus touch tuner and
showing the twin sense plates for each
channel.

ultrasonic principles, the transmitter has
seven contacts giving control of volume
(one for up, and one down), programme
selection by sequential stepping using a
single contact, brightness using two more
contacts, and colour contrast utilizing the
final two contacts. In addition, where only
a brief touch of the programme selection
key gives programme change, a contact
of longer than 2 seconds will switch the
set into a “standby” or “on” mode
dependent on its previous state. In the
event of breakdown of the transmitter a
set of manual controls is accessible behind
a small panel on the front of the set. Using
an ultrasonic signal of 35.5 — 45kHz in
nine bands spaced 1.5kHz apart the
transmitter will provide operation of set
controls up to 10 metres away.

The remote control receiver at the set
consists of a microphone followed by a
four-transistor pre-amplifier driving a
chain of seven LC tuned circuits. In the
case of the programme selector a single
diode and transistor is used to drive the
clock input of the logic tuner control and
step it from one programme selection to
the next. During the actual changeover the
sound channel of the set is muted to pre-
vent annoying clicks. An additional pair of
transistors with an RC chain form a
discriminating element sensing the two-
second on-standby command. The con-
tinuously variable controls are a little
more complex and use two ultrasonic
channels {(for “up” and “down”). On
receipt of an appropriate command, the

-L +33v
Ro R3
40 33k azk
Ry pin 9
of ETT6016
1K Cs
ov

Fig. 3. Emihus remote control stepping system using a two wire link and a single switch.
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output voltage from the LC tuned circuit is
rectified to provide positive d.c. for one
direction of the control and negative d.c.
for the other. The potential is applied to a
memory module neon which itself has been
pre-conditioned by the light from an
adjacent, permanently on neon. The
memory module neon then strikes and
charges a capacitor connected to the
gate of an m.o.s.f.et. The Rpg of the fe.t.
changes with its change of gate potential
and thus provides a means of controlling
volume, brightness, and colour contrast.
An additional feature very necessary is
that when the control signal stops, the
f.e.t. gate should hold its charged state to
avoid further changes of the function.
This is achieved by the neons’ ex-
tinguishing, their resistance going to an
infinite value and thus preventing pre-
mature discharge of the capacitor.

Grundig claim that, after an initial
adjustment of the transmitter tuned
circuits for the oscillator at 35.5kHz
(brightness) and 44.5kHz to within 50Hz,
and with fresh batteries, the maximum
drift of any channel frequency with battery
ageing will be limited to 300Hz, well within
the receiver unit tolerances.

New tubes

Apart from the niceties of touch tuning
or remote control, one of the Grundig
sets, the 6010 contains an example of the
new 110° degree tubes. It has been
claimed that the principal reason for the
development of these tubes is to produce a
much slimmer set and in practice, of
course, it does just this. About 4 inches
can be the average reduction in set depth,
which is not a great deal considering the
difficulties involved. It is precisely this
which has made the introduction of such
tubes relatively slow. Typical problems
involve a considerable increase in
deflection current and much more complex
dynamic  convergence compensation.
This perhaps explains why black and
white sets such as the Philips 7320 have
appeared ahead of colour versions from
the same manufacturers. Claimed to be
the largest of the 110° tube colour sets is
the 26.5in Saba Telecommander from a
long established German company which
started marketing through UK. dis-
tributors in May of this year. Similarly to
the Grundig, this too has a cordless ultra-
sonic remote control unit.

The Sony Trinitron tube, already
known to many of our readers through an
article late last year,t showed a new
approach to colour reproduction that was
both inventive and produced some ad-
vantages. However it would seem that
1973 may well offer even more novel ideas
in a similar vein since RCA have just
published details3= of an unusual new
colour tube design that will reduce neck
length rather than accepting the much

+ The Trinitron Colour TV Tube, Wireless World,
December 1971, pp.589-592.

4+ New Color Picture Tube System for Portable TV
Receivers, R. L. Barbin and R. H. Hughes,
I.LELE.E. Trans. on Broadcast and Television
Receivers, August 1972.
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more difficult concept of widening the
deflection angle to 110°. Like the*Trini-
tron, the screen consists of a series of
continuous vertical phosphor lines which
are claimed to improve sharpness and
brightness. The gun, however, is slightly
different in that a closely spaced horizontal
line-up is used for generating the three
electron beams which are then operated on
by a precision static toroid (p.s.t)
deflection yoke. It is suggested by RCA
that using this arrangement produces
convergence equal to, or better than,
other commercial designs without the use
of any dynamic convergence correction or
circuitry. Adjustment of the convergence is
achieved by moving the yoke either in a
horizontal direction (at right angles tc the
tube axis) to increase the raster height
and width produced by one of the outer
beams, and reduce the raster of other
outer beam, or in a vertical direction,
which rot.tes one outer beam clockwise
and the other outer beam anti-clockwise.
Once the convergence is set, the p.s.t. is
locked in place as a factory setting, no
further - adjustment ever becoming
necessary. [or this reason RCA plan to
market tube and p.st. as a single unit,
which is ac easily replaced as the con-
ventional monochrome tube.

The p.s.t. yoke itself is not without some
interesting features since it consists of a
wire coil accurately laid into the grooves
of a plastic moulding, producing reliable
and reproducible high levels of mechanical
accuracy which are reflected in a very
uniform tight tolerance of convergence
variations.

Some slight corrections are necessary
for purity and static convergence. In the
case of the former the usual magnetized
metal rings are adopted, but the static
convergence correction is achieved in a
way unique to the RCA system. Here in-
dividual barium ferrite magnets which
have a permeability of near to one are
moulded into four plastic rings and fitted
to the p.s.t. Interaction with the yoke
field can be avoided in such a manner
since the permeability of free space in
c.g.s. units is also unity, thus indicating
that the presence of the magnetic materials
in the vicinity of the yoke will have no
effect on the shape of its field. Two of the
rings have the magnets arranged to pro-
duce a four-pole field which will move the
outer beams by equal amounts in opposite
directions and the other two rings will
move the outer beams by equal amounts in
the same direction.

Several advantages claimed by RCA
for this new tube include an improved
performance and reliability with lower cost
and simplified setting procedures. Tube
sizes projected for future production
are 19in, 17in, and 15in across diagonals

Hi-fi television

Before any readers jump to the wrong
conclusions and think this section of the
survey is concerned only with some new
TV sets having very high quality sound
sections (would that there were more!),
this note more importantly deals with a

new piece of information recently received

on the future production of luxury colour
television receivers. These will originate
from a new company, Information Tech-
nology Ltd, sometime in the New Year.
It seems that this company is primarily in
the market to design and produce high
standard electronic units which would
permit much greater freedom in cabinet
design than is obtained by conventional
chassis techniques. An important spin-off
of such a concept is a greater flexibility
in servicing techniques. The whole system
comprises seven units: a receiver, decoder,
timebases, c.r.t. with neck components,
control panel and power pack. Several
feet of interconnecting cable can be used
between the units if necessary, requiring
in the decoder a special output stage which
provides low output impedance while keep-
ing device dissipation to a minimum.
With the exception of the video output
stages all decoding is achieved in four i.cs.
The receiver section has varicap tuning
and contains three ics (function un-
specified) and two audio power transistors
giving 5 watts power into a long-throw
loudspeaker mounted in an acoustic
chamber. A fully isolated power supply
giving stabilized high and low voltage
outputs together with an all-discrete-
component timebase section completes the
line-up. Isolation of the power supply
makes the connection of tape recorders
simple, a socket being provided for the
purpose — a welcome facility also
available on the new Dynatron 26in
colour sets announced in April this year.
In addition a socket is provided for video
recorder input and output together with a
headphone/hi-fi amplifier socket.

Radio receivers

Much of this survey has been devoted to
television receivers, this being due to the
greater degree of change and technical
innovation occurring in this area. In prac-
tice, much of the UK. sales is occupied
by portable radios imported from the
continent, Eastern Europe, and the Far
East with little competition offered by the
few UK. manufacturers. In general these
have concentrated on high-quality
products leaving the low and middle
price ranges to the imported products.

. Typical of the new radios introduced here

is the Hacker Super Sovereign RR75.
This offers a choice of m.w., l.w., and f.m.
with two s.w. bands for a price of £69.00.

RS Ry

The TGE Ltd add-on stereo decoder unit,
designed to adapt any f.m. mono radio
receiver to stereo operation.
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Compare this single new product with
the massive line-up of new portables
announced by Sharp, giving variously
three bands, four bands, five bands, six
bands and another three-band set.

The expansion of stereo coverage
announced by the B.B.C. and due this
autumn will extend to Radio 2 and Radio
4, starting in the London area and spread-
ing to the Midlands and other areas later.
This in itself has motivated some new
products including a portable combina-
tion of stereo radio and 8-track cartridge
recorder housed in two separate loud-
speaker cases from Electronic Music Com-
pany Imports Ltd. Another useful idea
originates from TGE Ltd, who have
designed and produced a p.cb. stereo
decoder module which will fit to existing
mono vhf. sets and provide a stereo
output. Since it incorporates a power
supply, installation is simply effected to
almost any set.

Trends in the larger mains receivers
follow very similar patterns to the new TV
receiver techniques and include varicap
tuning, ceramic filters in the i.f., increasing
use of integrated i.f. strips and i.c. phase
lock loop stereo decoders. Many of these
products are purely hi-fi units intended for
highest quality reproduction such as the
Beomaster 901 and the Sony 50551, but
here in the UK. the few radio manu-
facturers offering mains receivers are
sticking largely to traditional or “unitized”
designs such as the Dynatron Carnival
series, a comprehensive collection of nine
systems ranging in price from £87 to
£145.50.

Typical of some imports which rely on
gimmicks to provide a new look is the Trio
Jumbo KR-6170, a tuner-amplifier which
incorporates a rhythm composer giving
twelve alternatives from march to jazz
waltz (?) and throws in a reverberation
unit for good measure as well!

Siemens, through their distributors
Interconti  Electronics Ltd, are also
marketing a new receiver. Designated the
RK320, it is a mains/battery portable
giving a choice of four bands and
additional sockets for record player and
tape recorder.

Details of products coming under the
heading of hi-fi equipment, including a
number of new tuners, and tuner
amplifiers, will appear in our report on this
year’s Audio Fair.

Summary

The conclusion to be drawn from this
survey is that the past year has seen a
consolidation of ideas by manufacturers,
most of which aim at improved reliability
from the use of integrated circuits and
modular construction. What will be inter-
esting is to see how TV manufacturers
react to the problems of the burgeoning
cable television business and how sound
receiver manufacturers respond to the
efforts of the B.B.C. in improving stereo
coverage. A big question mark, of course,
hangs over the public reaction to com-
mercial radio and its impact on the trade,
and perhaps this time next year Wireless
World could be reporting on just this
subject.
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James Redmond, F.LE.E., director
of engineering, B.B.C.,is the 1972/3
chairman of the Electronics
Division of the LE.E. Mr Redmond
was a marine radio officer before
joining the B.B.C. in 1937 and also
during the war. His early days with
the Corporation were spent in the
Television Service at Alexandra
Palace. Among his many extra-
mural commitments Mr. Redmond
is a member of the Technical Sub-
committee of the Government’s
Television Advisory Committee.

Melvyn W. Larkin, Ph.D., B.Sc.,

M.LE.E., previously technical
operations manager of the East
Kilbride factory of Motorola

Dr Melvyn Larkin

Semiconductors. has been appointed
general manager of the plant.
Dr Larkin, who is 38, received his
Master’s degree and later Ph.D.in

electronic  engineering at the
Carnegie Institute of Technology
in Pittsburgh in 1967. when his
thesis was on m.o.s. phenomena.
His B.Sc. in physics was obtained at
Queen Mary College, London.
Dr Larkin’s previous appointments
include being manager of Westing-
house Integrated Circuit New

Product Development Department -

at their R & D Centre in Pittsburgh;
and manager of the i.c. department
of Texas Instruments Bedford.

A Fellowship has been established
at Surrey University to com-
memorate Dr Alec Harley Reeves,

inventor of pulse code modulation,
who died a year ago. The
Fellowship will be jointly supported
by Surrey University, Standard
Telecommunication Laboratories
Ltd, and Standard Telephones and
Cables Ltd. The first Fellow to be
appointed is Professor George
King, B.Sc. (Eng), A.C.G.L,
F.LE.E., F.Inst.P. who, until his
appointment, was chief scientist of
Standard Telecommunication Lab-
oratories Ltd. Harlow, Essex, and
visiting professor in telecommuni-
cations in the University of Surrey’s
department of electronic and
electrical engineering. After war-
time research in radar for the
Admiralty. Professor King joined
S.T.C. in 1946 as head of the
microwave  department. later
becoming head of the materials
division. In 1954 he was chief
engineer of the transistor division,
Standard Telephones and Cables
Ltd and in 1958 returned to S.T.L.
as director of research.

Harold Molyneux, who joined
Siliconix in Santa Clara, at the
beginning of the year, has been
appointed managing director of
Siliconix Ltd, the U.K. subsidiary.
He succeeds Richard Finch who
is returning to the parent company
in Santa Clara, California. Mr
Molyneux, who is 42, was unit
manager of the discrete device

section of Semiconductors Ltd.

5

Harold Molyneaux

(Plessey) at Swindon prior to
moving to the United States in
1966. The major part of his stay
in America was spent with Philco-
Ford in Lansdale, Pennsylvania —
until Ford withdrew from the
semiconductor business.

After two years as the product
manager for General Instruments’
Naples Microelectronics Division
Peter Rush, M.A. (Cantab), has
returned to the U.K. to become
product marketing  manager,
m.o.s. standards, for General
Instrument Microelectronics. Mr
Rush, who is 28, graduated in
electrical sciences, from Jesus
College, Cambridge, and then
joined Texas Instruments, Bedford.
In 1967 he joined General Instru-
ment’s Technical Sales force and
since 1969 has been in Naples.

A. A. Dyson, O.B.E., F.LE.E.,
FIER.E., has announced his
retirement as managing director
of Erie Technological Products
Ltd, the American-owned compo-
nent manufacturers of Great
Yarmouth, Norfolk. Mr Dyson,
who is aged 64, joined the company
in 1931 when it employed 12
people. It now employs nearly
5000 in its various establishments
and has a turnover of £10M.
Mr Dyson will continue as U.K.
board chairman until December
31st, when he will become a
consultant to the president of Erie
Technological Products Inc. of
Pennsylvania. When Erie, founded
in America in 1925, startedina U.K.
company in North London in
December 1931 he became its first
works manager. When a year later
the U.K. company’s Canadian
founder resigned Mr Dyson took
over as managing director. Mr
Dyson is president of the Institution
of Electronic and Radio Engineers
and is a member of the National
Electronics Council.

Roger E. Regan, 45, has been
appointed sales manager for
Honeywell Automatic Test Equip-
ment in the UK. A former Fleet
Air Arm pilot, Mr Regan joined
Honeywell in 1963 as a com-
missioning  engineer. He was
subsequently  appointed on-site
team leader for the development
of automatic test equipment for the
R.A.F. Lightning aircraft and
spent five years at British Aircraft
Corporation, ~ Warton,  before
returning to Hemel Hempstead to
head the Honeywell group working
on software for Titan automatic
test equipment.

It has been announced by the
Science Research Council that
M. O. Robins, of the Department
of Trade and Industry, is to be
director with responsibility for the
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Astronomy, Space and Radio
Division and Science Division;
Dr. H. H. Atkinson, of the Ruther-
ford Laboratory, (at present
seconded to the Cabinet Office)
becomes head of the Astronomy,
Space and Radio Division; and
I. A. Learmouth becomes head of
the Nuclear Physics Division.

Jerry H. Head, who joined the
Racal Electronics Group in 1958
to set up Racal Instruments Ltd,
and subsequently held director-
ships in other Racal companies,
has retired. He is retained by Racal
Group Services Ltd as a consultant
and is seeking opportunities ta
undertake consuitative work for
other organizations. Mr Head
started his career in the electronics
industry with the Ediswan Swan
Co. in the 1920s. For ten years
prior to joining Racal he was with
Advance Electronics.

John Turner has been appointed to
the board of Avid Electronics Ltd.,
of Ascot, Berks, specialists in audio-
visual instructional aids, as sales
director. Mr Turner, who is 39, was
previously sales manager with the
EMI military and computer peri-
pherals equipment  subsidiary,
Recording Designs, at Camberley,
Surrey. Prior to joining Recording
Designs in 1969, he spent two
years with  Precision Instru-
ments as U.K. sales manager
responsible for the company’s
complete range of computer
peripheral equipment. His previous
appointment was as computer
instrumentation sales engineer with
the Ampex Corporation from 1961.
He served his apprenticeship as an
electronics engineer, specializing
in magnetic tape recording, with
EMI  electronics at  Hayes,
Middlesex, which he joined in 1953.

OBITUARY

H. S. Arms, M.A., D.Phil., D.Sc.,
technical director of Marconi
Instruments Ltd, died, aged 60,
on August 6th. Born in America
he graduated at the University of
Idaho, and was awarded a Rhodes
Scholarship to Oxford were he
took an honours degree in physics.
Subsequently he was awarded a
doctorate for research in low-
temperature physics and also
appointed to the academic staff at
Oxford. He was later awarded
an honorary doctorate of science
by the University of Idaho. During
the war Dr Arms undertook re-
search into the uses of nuclear
energy. He Jater returned to
England to take up the post of
head of Engineering Laboratories
at Harwell. In 1953 Dr Arms joined
the English Electric Company and
later became chief engineer of the
Atomic Power Project Group.
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Circards — a new information service on

circuit design

by J. Carruthers, J. H. Evans, J. Kinsler & P. Williams*

The system to be described is an attemps to
break the lesser known of Finagle’s Laws:
— the information you have is not that
which you want;

— the information you want is not that
which you need;

— the information you need is not that
which you can obtain;

a very proper task as Finagle’s Laws are
the only ones known to man whose purpose
is that they should be broken.

In more sober terms, it is fair to say that
good ideas in circuit design are being
developed all the time; that they are being
published in this and other journals fre-
quently; that professional engineers and
enthusiasts alike are adopting and adapting
them; that each user tries to bring order to
this confusing flow of information aided by
whatever resources he has access to in the
way of filing and reference systems. Few
have the time as users of this information to
place it all in context, as they are too busy
selecting as best they can whatever can help
them in their immediate design problems.

Inevitably the choice is made from a
limited selection, and rarety will a published
circuit meet the precise demands of the
moment — the supply voltage may be too
low, or the bandwidth too small, or maybe
the i.c. is just not available ‘off the shelf .
When faced with such difficulties the choice
may lie between modifying the circuit,
searching for analternative published circuit
or designing something completely new.
The experienced designer may use all three
approaches in varying proportions, but for
the system designer, young graduate and
the harassed technician in a hurry, they all
lack appeal.

System requirements

For each user the real requirements seemn

to be the same.

® Fora given circuit type, a clear statement
of the nature of the circuit and the range
of parameters commonly available.

® A selection of circuits representing a
cross-section of the ways of performing
the required function.

® Circuitdiagrams givingcomponentvalues
where applicable for a typical set of
operating conditions.

® A brief description of each circuit.

® Detailed suggestions of which com-

'

*All with Paisley College of Technology.

ponents may be varied and to what
extent, so that the circuit can cover the
widest range of requirements.

@® Where possible, an indication of how the
form of the circuit might be modified, or
where components might be added. to
extend its operation.

@® An indication of where more information
on the circuit might be obtained, either a
standard reference if the circuit is well-
known, or the article if recently published.

® References to related circuits.

® The format of the information should be
such that it can be used by the engineer
at his bench or desk, while capable of
beingfiled for easy reference and retrieval.
Most sources of information contain not

only too little about the problem at hand,

but too much about extraneous problems.

Having identified the section of the system

with which he is concerned, the designer

will be helped best by information on that
section alone, presented succinctly, but
with advice on how to mould it to his needs.

The format which comes nearest to meeting
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these demands seems to be that of the circuit
card or Circard as it is called in this scheme.

A study was made of many hundreds of
electronic circuits published in recent years,
and an attempt made to classify them under
suitable headings. A description such as
‘amplifier’ is so broad that even sub-divided
a dozen times into specialist types. it leaves
a wide range of published circuits under
each sub-heading. By comparing these
published designs, the techniques used were
identified as far as possible, and particular
versions were selected to form the basis for
practical development. Under each heading
a balance was aimed at between the classical
circuits for which a vast number of modifi-
cationsareknown, the novel circuits exploit-
ing lesser known devices or effects, and
recently-developed circuits representing
modern industrial practice. This selection
procedure was carried out by a group of
individuals with their own prides and
prejudices, and readers may find that the
precise balance differs from that which they
would choose. It attempts however to

2
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provide a service that few individuals can
provide for themselves without inordinate
effort.

Card format

The details of the card layout are clear from
the photograph, and follow closely on the
list of requirements postulated above.
Generally the circuit description should
help the user to assess the mode of opera-
tion of the circuit, but for fuller explanations
references are given where the basic circuit
is described or where the principles are
detailed more fully.

The form of the circuit shown in the
initial diagram on the card will have been
thoroughly tested using the components
specified in the accompanying lists. It is not
claimed that these are the optimum com-
ponents though it is hoped they will be
typical. Where there is any evidence or any

likelihood that a given component oOr.

parameter is critical (transistor current gain
for example) additional samples of the
device will have been substituted. Further
information on the circuit behaviour, such
as waveforms, frequency of operation, etc.,
will be specified and will be the measured
values for the sample circuit.

A Kkey section of the card is that on
component changes. This covers variation
in such parameters as supply voltage, load
resistance and temperature as well as varia-
tions in component values and the use of
alternative transistors, i.cs etc. The difficulty
here is that of steering a safe passage
between the rocks of rigorous testing and
the shifting sands of assumption without
taking endless time over the journey. Thus
the component changes suggested will have
been tried separately but not in every
conceivable combination. They will need to
be used with common sense, with particular
attention to maximum ratings. Obviously,
using the maximum supply voltage simul-
taneously with the lowest resistance values
would be a combination to be treated with
caution. An indication of the corresponding
range of circuit parameters is given, and
these values will be deduced from the actual
measurements on the sample circuit (sup-
ported by theoretical studies, as required).

To extend the circuit further, each card
has a section on circuit modifications. This
section includes suggestions on the addition
of buffer stages, decoupling, diodes for pro-
tection or speed-up of pulse circuits, etc.
Such suggestions can be only tentative and
while there may be many variations possible
with some circuits, others will permit little
basic change. In all these cases the sugges-
tions will have been verified in principle.

System organisation
A major difficulty has been to decide what
constitutes a circuit — one man’s circuit is
another man’s system. There can be no
sharp dividing line, and judgements will
vary not only from person to person, but
will depend on the general area of operation
of the circuit. The guide lines adopted by
the authors in devising the Circard system
can be summarized as follows.
® An electronic circuit is the molecule —
the smallest section of a system capable of

— e ——

an independent existence. For example a

standard multivibrator may best be

viewed as a single entity while some
triangular wave generators can be sub-
divided into recognizable circuits such as
integrators and inverters.

® Exceptions improve the rule. If a function
can be performed by what is recognizably

a circuit on the above definition, but

could be performed by an alternative

method using a combination of two or
more circuits, then the alternative has
been considered on its merits.

® As a very rough guide, if a circuit con-
tains more than three i.cs or half-a-dozen
transistors then it is worth reconsidering
it to see if it can be divided into smaller
independent circuits.

These are difficult judgements, and if the

division is not taken far enough, it will not

be easy to recognize the viable sub-sections

and to see how they might be replaced by

alternatives previously described.

A second difficulty which can never be
completely resolved is that of circuit classi-
fication. How many distinct types of elec-
tronic circuit are there? At one extreme it is
arguable that all can be classified as
generators or processors, while at the other
extreme there are circuits which are almost
impossible to classify, requiring a classifica-
tion to themselves. In the Circard scheme
the initial classification has produced about
80 categories, many of which are distin-
guished by the range of frequencies over
which they operate rather than the function
they perform. The justification for this is
that such a parameter is a major determining
factor in the circuit topology, and not just
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in the component values used.

Initially three sets of Citcards will be
published at monthly intervals and a
descriptive article outlining the subject
covered in the month’s set of cards will be
included in the appropriate issue. The
demand for the cards will govern future
plans for publication.

At introductory article on the first set of
12 Circards covering basic active filters is
published below. The next two sets of cards
will cover level-sensing circuits (November)
and waveform generators{December).

Each set of cards is contained in a plastic
case and costs £1. Particulars as to how to
apply for the first and subsequent sets are
given opposite.

A venture of this magnitude demands a
clear overall view of the present status of
electronic circuit design linked with a
historical perspective and a vision that can
pick out significant developments as they
occur.

However hard a group tries to meet these
criteria, the results will be subject to the
distortion of the darkened glass, and limited
knowledge as well as the colouring of
individual interests and experience. It is the
intention of this scheme and the hope of its
authors, that those who use it will comment
on the gaps in the information provided and
improve the balance of that information.

The first priority must be to develop as
many of the series as possible to provide the
broadest possible foundation. It is hoped
that a process of revision will then begin, so
that Circards will continue to help users
and designers of electronic circuits.

Filters

An introduction to the first set of Circards

Like the doting parent reproached for a
birthday present of an encyclopaedia with
the response ““It tells me more about things
than 1 want to know”, any writer on this
topic has to exercise care.

The filters to be described belong to that
broad class of circuits using active devices
together with passive components, some of
which are reactive, to produce a frequency-
dependent transfer function. The possibili-
ties range from single CR time-constants in
the feedback path of an amplifier to complex
multi-gyrator circuits. The former have
applications in audio frequency work, while
the latter are still the subject of continuing
research. It is the in-between varieties that
we shall consider, in particular second-order
filters of various kinds.

These have numerous applications used
separately but may in addition be combined
to produce more complex filter functions.
By second-order is meant that the transfer
function is represented by an equation
containing w? as well as w. This is because
of the presencé of at least two reactive
components — capacitors or inductors. The
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latter are inconvenient and expensive below
the radio-frequency range, and active-filters
dispense with them by synthesizing the
desired function using capacitors.

The common filter functions are

Low-pass: signals below a given cut-off
frequency are passed at, or amplified to, a
fixed level, falling by 3 dB at the cut-off
frequency with a slope that reaches 12 dB
per octave for a second-order filter —
Fig. 1.

High-pass: the pass-band lies above the cut-
off frequency, with 3 dB attenuation at the
cut-off frequency, and with attenuation in-
creasing at 12 dB/octave below this fre-
quency — Fig. 2.

Band-pass: signals at both low and high
frequencies are progressively attenuated
with a maximum response at the centre
frequency; the sharpness of the response is
measured by the Q of the circuit with
Q = fo/2Af, where f, is the centre fre-
quency and 2Af is the bandwidth for an
attenuation of 3 dB relative to that at the
centre frequency — Fig. 3.
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Band-stop or notch: low and high frequen-
cies are passed with a maximum attenuation
(ideally zero transmission) at the centre or
notch frequency — Fig. 4.

All-pass: the magnitude of the transfer-
function is constant but with a frequency-
dependent phase-shift — Fig. 5.

The low- and high-pass filters are some-
times modified so that the output falls to a
low but constant value at some other fre-
quency — Figs. 6 and 7. The band-pass and
band-stop filters may require extended
frequency ranges within which the pass and
stop functions are maintained. One pos-
sibility is the use of complex high-order
filters. Alternatively a combination of one
or more second-hand filters tuned to differ-
ent frequencies can be used. A perfect null
response is possible only at precise specified
frequencies — Figs. 8 and 9.

In determining which active circuit con-
figuration most suits a particular filter
function, the required Q is a major factor.
High Q is often a requirement for band-pass
and notch filters. It can be attained by two
fundamentally different methods.

The first, requiring a single amplifier in
the simplest cases, arranges for Q to depend
on the difference between two nearly equal
terms in the transfer function. The circuits
using this technique are sometimes reccg-
nizable as a bridge circuit with the bridge
almost at balance, combined negative and
positive feedback with the latter almost
equalling the former, or a negative-
impedance converter in which an imped-
ance in one part of a circuit appears
elsewhere with a negative sign.

Any given circuit may be recognizable
under more than one of the above headings
which might be considered as different
manifestations of the same underlying pro-
cess. While high @ is possible, it becomss
over sensitive to component and environ-
mental changes, as it depends on the near-
cancellation of comparable terms. The
fractional change in Q caused by a change
in some component is broadly proportional
to the nominal Q aimed for, e.g. a circuit
with Q = 20 as the design value might
have a practical value of Q = 25fora ! or
2% change in a particular resistor.

The corresponding practical values for
nominal Q values of 10 and so might be 11
and 75 respectively. The centre frequency is
also dependent on component values but
active circuits are comparable to passive
networks in this respect. The exception is at
high frequencies when the amplifier limita-
tions may be all too apparent. This is shown
by the increasing departures at the observed
centre-frequency from the nominal value,
coinciding often with a fall in the achievable
value of Q.

The second high-Q approach uses
multiple active devices. One type, well-
known in analogue computing, uses two
integrators in a closed loop such that the
open-loop gain of the system at the centre
frequency, and hence Q, is controlled by a
single resistor. The same pattern of passive
components reappears in filters based on the
gyrator, a device which has an impedance
at one port related to that presented to a
second port in such a way that a capacitance
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In these graphs illustrating low-pass, high-pass, band-pass, band-stop and all-pass active filters,
transfer function magnitude is plotted as the ordinate with frequency as the abscissa, except in

5 where the ordinate is phase angle.

is “‘gyrated” into an inductance, a parallel
tuned circuit into a series tuned circuit, etc.
Gyrators may be constructed from various
configurations of amplifiers, with the usual
limitations on frequency response, for
example.

In neither approach is the Q excessively
sensitive to component variations. Broadly
the sensitivity is comparable to that obtain-
ing with passive circuits, i.e. a 1% change
in any component will not normally change
the Q by more than 19/ even at high values
of 0. With multiple amplifier filters, there
is more than one output available, and some
circuits have band-pass, low-pass and high-
pass functions available simultaneously.
The falling cost of operational amplifiers
makes such solutions attractive, particularly
for larger systems where the flexibility is a
considerable advantage. A problem can be
the phase-shift in multiple amplifiers, which
can result in oscillation when high Q is

Circards

Applications for Circards should be
sent to “‘Circards™, Wireless World,
Dorset House, Stamford Street,
London SE! 9LU, enclosing remit-
tance (£1 per set including postage).
Early application for the first set is
advisable as print order is limited.
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attempted at frequencies near the upper
frequency limit of the amplifier.

For simple low-pass and high-pass appli-
cations the single-amplifier methods are
suitable, and as an example scratch and
rumble filters may use twin-gang potentio-
meters for widely variable cut-off frequen-
cies. Using special i.c. amplifiers with very
high input resistance the cut-off frequency
can be readily extended below 1 Hz if
required, while the upper limit approaches
1 MHz.

A completely different approach which is
certain to become dominant in many fields
is that of the n-path filter. There will
presumably be as many variants as there are
at present with the analogue approach, but
the basic technique appearing in some
recently published circuits is as follows.

In place of a single filter a number, say n,
of identical units are switched into the
circuit in succession. These may be, for
example, low-pass filters, passive or active,
or simply the capacitors of a set of CR
circuits using a common R. Switching
frequency is set to n times the fundamental
frequency to which the filter is to be tuned.

The filter has responses at harmonics of
the fundamental frequency and may have a
very high Q at each, but simple low-cost
filters of the type described earlier can be
used to attenuate these responses.

A vital point is that the filter centre-
frequency is controlled by the clock-rate
driving the switches, and therefore readily
variable over a wide range, as is bandwidth.
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News of the Month

Noise abatement

A recent exhibition at the London
Design Centre on environmental noise and
its effects, showed the difficulty of estab-
lishing the criteria for measuring noise for
relating loudness with either physiological
irritation or ear damage. This is important
information in a work environment where
a certain amount of background noise is
a necessary stimulus, and more than this
optimum level causes a reduction in work-
ing efficiency.

Sound level meters have an approximate
logarithmic weighting to compensate for
the non-linear sensitivity of the ear (A, B
or C rating) and usually measure the level
of sound in dBA units. Short term ex-
posure to noise levels up to 140dBA can
be withstood by the human ear (the
threshold of pain is at approximately
120dB) but the safe noise limits, with long
periods of exposure — recommended by
a Department of the Environment Code
of Practice for reducing the exposure of
employed persons- to noise — are sur-
prisingly low figures of 90dBA for 8 hours
per day and continuous 105dBA for 15
minutes. Typical noise levels in industrial
situations are: diesel electric generator
96dBA, heavy lorry 105dBA and steel
works 114dBA.

The factors relating noise and
annoyance have not been firmly estab-
lished but certain comfmon adverse con-
ditions are clear. For instance various
aspects of annoyance are connected
simply with the loudness of a noise. Also,
a great number of psychoacoustical ex-
periments show that high-frequency noise
is more annoying than low-pitched noise;
the high to low frequencies here range
from around 1500 to 10,000Hz. Further-
more, if the noise is intermittent (for ex-
ample the fly-over of aircraft at various
time intervals), irregular or rhythmic, it
may also be considerably more annoying
than a steady noise of the same physical
intensity. Based on considerations such as
these a measure of annoyance or “noise
pollution” can be made.

The two main sources of irritation,
which affect all people who live in or near
large towns or cities, are traffic and aero-
plane noise. Britain was the first country
to legislate against traffic noise and the
Transport and Road Research Laboratory
has a five year plan for the production of

a “quiet” lorry. If successful it will enable
heavy goods vehicles, with a maximum
noise level of 80dBA (quieter than the
average family car), to be produced by
1980. This development coupled with the
vastly reduced aeroplane engine noise level
inherent in the Rolls Royce RB211
demonstrates the need for controlling noise
levels and the degree of success to which
this can be achieved. The main problem
is to help people recognize the conditions
which can cause early deterioration in
sensitivity or even permanent physical
damage of the ear.

"

Digital Braille production

The Electrical Research Association’s
Control and Automation Division has re-
cently been commissioned by the kRéyal
National Institute for the Blind to upgrade
and modernize its automatic Braille pro-
duction process. Three new digital control
systems will be used to operate
transcription machinery that prepares
zinc plates for use as printing masters in
the R.N.L.B’s Braille production process.
Data is supplied to the control system
during plate preparation on punched cards
generated by an IBM 1130; this machine
uses established software to perform the
conversion from English text to Grade II
Braille format.

Braille production in the UK,
amounting to some 100,000 books and
half a million periodicals every year, will
be dependent upon the continuous and
efficient operation of the automatic
equipment.

Displacement detector
for TV masts

An electronic system so sensitive that it
can detect changes of as little as one part
in 200,000 (equivalent to one cm in two
km) is being used by the Independent
Broadcasting Authority on three of its TV
masts, including Emley Moecr, Yorkshire,
the third highest concrete tower of its type
in the world (330m). The other masts
incorporating the system are the-300m
steel masts at Winterhill, near Bolton, and
the similar 340m mast at Belmont, near
Lough.

The displacement detector is part of an
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instrumentation scheme to provide long-
term analysis of the effects of wind on the
masts, and is based on an electronic spirit
level, the Electrolevel — a 10cm long
instrument produced by the Electronics
Division of Irvin Great Britain Ltd of
Letchworth, Hertfordshire (see Farn-
borough report in this issue).

The Electrolevel is used in this appli-
cation as an accelerometer. The in-
strument design allows very low fre-
quencies to be accurately measured. The
readings at Bolton and Belmont are re-
corded on magnetic tapes and at Emley
Moor an ultra violet recorder is being
used. The Electrical Research Association
has been involved in the processing of
some of the results of this instrumentation
system.

Because of its sensitivity and accuracy
the Electrolevel is being used for a variety
of applications — including-British Rail’s
Advanced Passenger Train (A.P.T.) for
sensing centrifugal forces, checking sub-
sidence of building foundations, detection
of landslip “creep” and as part of ships’
helicopter and equipment.

Atomic clocks checked
by satellite

The Royal Greenwich Observatory at
Herstmonceux, Sussex is engaged in an
experiment to compare time standards
with the United States Naval Observatory
in Washington D.C., using for the first
time a clock carried between the two sites
by satellite.

The U.S. time navigation satellite
Timation II, launched in September 1969,
is in orbit 500 nautical miles above the
surface of the earth and is transmitting
signals at a frequency close to 400MHz.
These signals are received first by the
station in Washington and about 15
minutes later, when the satellite is at its
nearest point, at the Greenwich
Observatory. By plotting the location of
the satellite and computing the time re-
quired for the signal to travel from the
satellite to the U.S. Naval Observatory in
Washington, observers ascertain the time
at the satellite clock as compared with
the Naval Observatory standard. When
the satellite is near the Royal Greenwich
Observatory, the same computations are
made and the satellite time, corrected for
clock drift, is computed according to the
time standard at the R.G.O. The difference
in the satellite times at Washington and
Herstmonceux is a measure of the dif-
ference in the time standard at the two
sites.

The time standards at the two sites,
provided by similar caesium beam atomic
clocks, are at present compared by using
portable clocks carried in aircraft and by
the Loran-C navigation system operated
by the U.S. Coast Guard. The portable
clocks give very good time comparisons
but involve an expensive logistics problem.
The Loran-C net involves very little
logistics but does involve difficulties due
to propagation properties of land, sea and
the ionosphere. The satellite method pro-
vides a very high speed, portable clock
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and will enable a check to be made on
the other two methods. Clocks which are
accurate to within one half microsecond
will facilitate accurate distance
measurement and navigation. In one half
microsecond light travels 500ft, so, if man
can measure his position to the same
order, accurate clocks will enable aircraft
to be kept separated in space and are
proposed for wuse in aircraft collision
avoidance systems.

Digital data by telephone

A new service for sending computer data
over the public telephone network for the
cost of a telephone call has been in-
troduced by the Post Office. Known as
Datel 2400 Dial-up, the service will enable
computer users to send data in binary
form at 2,400 bits per second. Customers
will be able to use types of data terminal
equipment — including visual display
units, remote batch terminals and front-
end processors — which were pre-
viously restricted to use over special
private circuits or at lower operating
speeds over the switched telephone
network.

As with existing Datel 200 and 500,
users of the new service will have a
modem (modulator/demodulator) asso-
ciated with their telephone to convert
the digital data to a form suitable for tele-
phone lines. They will set up calls by dial-
ling in the usual way and then switching
over to data transmission. The modified
modem will provide synchronous trans-
mission of serial, binary data, at 2,400

bits per second in one direction at a time. -

Transmission at 2,400 bits per second is
possible on a large proportion of the
public network.

Charge for the Dial-up service is made
up of a connection charge of £50 and a
modem annual rental of £280. The cost
of transmission will be the same as for a
speech call over the same distance for the
same time.

Anti-collision device for cars

Five apprentices at British Aircraft
Corporation’s Guided Weapons Division
at Bristol have built a device which could
be fitted to an ordinary family saloon car
or to lorries to prevent the serious
nose-to-tail collisions which often occur
under bad visibility conditions on
motorways.

Using a radar signal to detect
obstructions ahead, the automatic device
can close the throttle, if this is sufficient to
avoid collision, or it can apply gentle or
hard braking as necessary. An old family
saloon has been equipped with two radar
horns carried on a roof rack, but a
developed production version of the device
would use a microwave strip, which could
be hidden, for instance, in the front
bumper. The cost of fitting the developed
device would add an estimated £60-70 to
the cost of a new car. The apprentices who
undertook the project as part of a special
pre-university course were given 13 weeks
to design, build and test the device and

il :_._;

were allowed to spend no more than £100
on materials.

The device works by measuring three
parameters — the distance from the
obstruction and the closing (or opening)
speed, which are measured by the radar
transmitting and receiving aerials, and the
car’s own speed which is measured
electro-mechanically from the propshaft.
These measurements are continuously fed
into a programmed computer and,
according to the signals received, the
computer can: (a) decide that there is no
danger and take no action; (b) decide that
closure of the throttle will supply sufficient
deceleration; (c) activate gentle braking; or
(d) activate emergency braking. Throttle
closure is carried out via a small electric
motor operating .a modified linkage
system, which overrides the normal
accelerator pedal. The computer demands
for braking, however, are fed via relays to
a solenoid operating a lever, which puts
pressure into a servo-assisted hydraulic
system. A special valve is provided to
isolate the automatic braking system from
the manual system while still allowing the
normal footbrake to be used if necessary.

The whole system works off the car’s
standard battery, is independent in that it
needs no reflector or transmitter in other
vehicles, and can function in all weathers.
It incorporates a simple “on-off” switch
so that drivers can select it at will and
warning lights that report any
malfunctioning of the system.

Vintage wireless society

A new organization, to be known as the
Wireless Preservation Society, has been
formed for the preservation and
restoration of vintage wireless equipment
for cultural, educational and historical
purposes.

A wireless museum has been
established in a Lincolnshire farm, where
dozens of old receivers are in the process
of being restored by local radio amateurs.
Several crystal sets with cat’s whiskers,
and valve receivers equipped with
bright emitters (those with pips on top!)
have been brought back into operation
in conjunction with wood-and-metal
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The car in which the prototype anti-collision device, developed by apprentices at B.A.C.,
has been fitted. The radar transmitting and receiving aerials are seen attached

to the roof rack.

flared horn loudspeakers.

The honorary secretary of the new
society is Mr. D. Byrne, G3KPO, (area
representative of the R.S.G.B.), of Homa
House, Quadring Watergate, Spalding,
who would like to know of anyone who
has any old wireless apparatus, and
especially radio books, magazines or
catalogues dating back to the twenties or
thirties. These latter are especially
valuable as an aid to dating the many sets
and components already given to the
museum. Viewing is free of charge, but
prior arrangement should be made, in
order to avoid disappointment, by ringing
Mr. Byrne at 077-584-485.

Visible satellite
laser communication

NASA has selected 1. T. & T. Gilfillan, a
division of I. T. & ‘T. Corp., Van Nuys,
California, to develop a visible laser
communication experiment for flight on
the Applications Technology Satellite
(ATS-G) in 1975. The laser experiment is
being tested because the very high
frequency light waves emitted by lasers
can carry far more information than radio
waves. For example, a single laser channel
could carry the equivalent of 20 normal
television channels. The laser beams are so
narrow that even after travelling a distance
of 35,000km through space, they
illuminate a spot on the Earth only about
300m in diameter. Thus many different
systems can work on the same frequency
at the same time without interference,
by simply pointing the beams in
slightly different directions.

The system on the ATS-G satellite will
use a red beam of light generated by a
laser containing helium and neon gas. The
link from ground to spacecraft will use
a blue-green beam from a laser con-
taining argor gas. The telescope or
aerial in the spacecraft will be only
13cm in diameter and therefore, is much
lighter and easier to design into the
spacecraft than conventional communica-
tion systems. Output power of the satellite
laser is only 5§ milliwatts. A mobile ground
station will be alternately operated from
the Mt. Hopkins facility of the
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Smithsonian Astrophysics Observatory in
Arizona and the NASA Network Station
at Barstow, California.

Specific aims of the experiment are to:
(a) determine the effects of the Earth’s
atmosphere on laser beams in a vertical
path between a spacecraft and the Earth in
two directions; (b) prove the feasibility of
using widened laser beams for finding a
desired laser communication station and
then narrowing the beams to lock-on for
tracking and communicating; (c) estab-
lish a two-way optical communication
link between a spacecraft and the earth
with a capacity of 30 million bits of in-
formation every second; (d) gain
experience with a laser communication
system in space to furnish the basis for
design of future operational systems;
and (e) provide for a possible
extension of the experiment to com-
municate between ATS-G at syn-
chronous altitude and a satellite in a
much lower Earth orbit such as the space
shuttle.

B.B.C. 50-the
technical story

Thirty three talks will be given during the
two-month run of the exhibition, “B.B.C.
50-The Technical Story”, at Mullard
House, London, from November 3rd until
December 21st. Most of the talks, by
B.B.C., Mullard and other specialists,
will be repeated to give a total of 63
presentations.

Purely technical talks include: Audio
Recording Developments, Satellite TV
Broadcasting, Development of Modules
for Radio Telephones, Component
Development for Post Office Equipment
and Digital Techniques in Broadcasting.
Talks of more general interest will
include: The B.B.C.’s Sound Archives,
Television Special Effects, Running a
Local Radio Station, Organizing TV
Sports Coverage and Television News. A
programme of B.B.C./Mullard /Post Office
films will be presented, as will the talks, in
the Mullard House Theatre.

A detailed programme of talks and
films, together with a time-table, will be
available from October 23rd. Tickets for
particular talks and films on specific days
can then be applied for. All requests
regarding programmes and tickets should
be made to Mrs. Doreen Smith, Mullard
Ltd, Mullard House, Torrington Place,
London WC1E 7HD.

Increased colour
television production

Colour television production in the U.K.
during June totalled 116,050 receivers,
giving a half-year total of 673,000,
compared with a figure of 362,000 for the
first 6 months of 1971. Production of
monochrome sets in June was 156,000
giving a 6-month total of 839,000 — a
drop in production of 2,000 sets compared
with the same period in 1971. These are
estimates of U.K. produced television
receivers compiled by the British Radio
Equipment Manufacturers’ Association.

Wireless World, October 1972

Video long-playing records

Colour television programmes of 30 to
45 minutes duration can be recorded on
one side of a new kind of disc, resembling
a gramophone record of normal Lp. size,
developed by Philips in Holland. For
playback of these video records a player
has been developed, based on an optical
pick-up principle, for connecting directly
to a television set. The system is flexible
in use, providing stills, slow-motion or
reverse-motion pictures from the recorded
scenes.

Information is stored on the disc along
a spiral track. The disc rotates at a speed
of 25 revolutions per second, and each
360° (revolution) of the spiral track con-
tains the information needed to reproduce
one complete television picture (two fields).
The track consists of a series of micro-
scopically small oblong pits, and the
photograph shows horizontally a number of
adjacent parts of this track. All pits are of
equal depth and width, and it is their varia-
tion in length, and distance from one
another, that contains all the information
required. For example the luminance
information is carried by the varying
distance between corresponding points in
successive pits and the chrominance infor-
mation by the varying length of the pits
(Fig. 1). When the pits are transformed
by playback from a spatial pattern into a
temporal sequence the resulting electrical
signal is a train of pulses constituting a
carrier. Luminance information is therefore
conveyed by frequency modulation of this
pulse carrier and chrominance information
by pulse duration modulation.

In the player an extremely small, high-
intensity spot of light produced by a helium-
neon laser is used for information pick-up.
This spot is automatically centred on the
track by an opto-electronic control system,
allowing an extremely small track pitch.
Light reflected by the record, and modu-
lated by the moving pits, impinges on a
photo-diode; and this delivers an electrical
signal which, after processing, provides a
signal to be fed to a television set. Since
information is picked up without
mechanical contact, neither the record
nor the pick-up system wears out.

In manufacture of the discs a compound
similar to gramophone record material is
pressed between moulds. After pressing,
the records are coated with a thin, reflecting
metallic layer. “Cutting” the master record
takes as long as the duration of the pro-
gramme, SO the output from normal TV
cameras, video tape recorders or cine
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cameras is compatible with the production

process.

Philips estimate that the player will cost
about the same as a 26-inch colour tele-
vision set.

e

Surface of video record, photographed
through a scanning electron microscope.
The track of pits runs from side to side
of the picture.

chrominance

! luminance by f.m.
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Fig. 1. Illustrating how the pils
constitute a carrier, conveying
luminance and chrominance information.

A video record being put into the player.
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Circuit Ideas

Touch controlled tuner

The control voltage in a varicap tuner must
be stored in a memory — in this design an
analogue memory is chosen. A feedback
af.c. signal prevents the control voltage
dropping due to leakage current of the
tunér. Changing the control voltage by a
current through the fingertips over-rules
the a.f.c. loop because the skin resistance .
(max. 10M£) is much lower than the feed-
back resistance (1G£2).

Delay time in the tuning process depends
on the skin resistance and measured values
are 7s (10M£), 3s (3.3M02Y) and 1s (1IM£)
for a frequency changing from &8 to
100MHz. Decreasing the memory capaci-

-

tance (starred) to reduce delay time is
difficult as static charges may be fed into
the system while removing the fingertip
from the “hot” contact. Due to the high
impedances in this system care must be
taken in chodsing the isolating materials
for the touch controls. In this design PVC
has been used with success. A twin-T
filter is used to prevent 50-Hz modulation.
Control voltage ranges from 2V at 88MHz
to 9V at 100MHz.

J. W. Richter

Eindhoven,

Netherlands.
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Meter protection circuit

Design of the protection circuit shown is
as follows (though values shown should
suit most movements).

@ Establish Vy for the basic meter move-
ment (R¢ X Iggp). If <350mV circuit can
be used as it stands. If 350mV <V
<700mV two diodes must be used in
series in both positions, and if 700mV
<Vg <1V three diodes should be used.
As a check to ensure the circuit does not

50LA X 4kQ
=200mv

BCi82L
etc

50uA x 6k
=300mVv
overload ¥ 40V

¥ see text

L . q q
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affect the accuracy of the meter, apply a
voltage to the circuit to give f.s.d., remove
the transistor emitter, and diode cathodes.
Needle position should not alter.

@® Decide maximum voltage drop that can
be tolerated across R, (Igsp X R,), and
hence choose a value of R,.

@ Effective resistance of the movement will
be R¢ + R, which must be used in calculat-
ing shunts or multipliers for use with the
meter.

® Maximum forward and reverse voltage
that the circuit will tolerate will then be
R, X 200mA. If the reverse voltage will
never exceed 5V, base diode can be
omitted.

On an overload, which would normally
result in a little “clink” as the needle en-
twines the stop, the needle runs off the
scale in either direction in a controiled way,
and gently presses itself against the stop.
C. Shenton,

Weston-super-Mare,
Somerset.

Zero current

zener reference

Left-most circuit illustrates a commonly
used circuit feature where a zener diode
establishes a potential at B with reference
to a centre rail C. In certain circuitry it is
essential that the zener current be prevented
from passing into any load connected be-

+ & + A
B 8
o}
c C
]
_ D _ D
VBC=VZ-VAe

tween the centre rail, C, and the common
rail, D. The circuit arrangement on the
right illustrates a means of ensuring that
the zener current is bypassed to the com-
mon rail D.

A typical application is where the
potential CD is a voltage-regulated supply
used to feed a low current into a capacitive
load and where the source voltage CD is
liable, even if only under transient con-

_ ditions, to be open-circuited such that the

zener current if not by-passed could affect
an over-voltage condition at CD.

J. Double

Bangor.
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Letters to the Editor

The Editor does not necessarily endorse opinions expressed by his correspondents

Noise — white, pink, red

For a long time, the term white noise
has been clearly understood to refer to a
random amplitude signal, having equal
integrated energy per cycle bandwidth. A
progressive “reddening” of white noise by
increase of its integrated energy with
decrease of frequency at the rate of
3.01dB /octave was later defined as “pink
noise”, having equal integrated energy per
octave bandwidth. Incidentally, I
understand that this description was first

coined by Mr H. D. Harwood, of the

B.B.C. Research Dept. in the early 1950s.
I note that the term “red noise” is now
being used to describe white noise
reddened at the rate of 6.02dB /octave, but
1 feel that such terminology may
ultimately lead to confusion, since the
description could equally apply to a
narrow bandwidth signal. Since various
types of random functions are now used to
test loudspeakers — the visible colour
spectrum range from red to violet of about
one octave being presumably expanded
linearly to describe the 10 octaves of audio
— I suggest that it is timely to clarify just
what such terms are meant to imply. For
example, feeding white noise signals to
certain so called ‘‘monitor” loudspeakers,
1 would describe the acoustic output as
being muddy brown with some bluish
lines, but would other readers interpret
such a statement with any accuracy?
R. N. Baldock, :
Harrow,
Middlesex.

S.S.B. on medium waves?

In his article, “S.S.B. on Medium
Waves?” in your August issue, Mr
Wareham clearly invites criticism and
controversy of the wide range of subjects
and the opinions expressed. He asks:
“Can we get more broadcasting channels
into the available frequency band?” and in
his conclusion seems to say: “One day,
perhaps”. I believe the answer should and
must be: “Yes, here and now”, for means
are available to achieve an orderly change
to an s.s.b. system without listener
resistance and without the capital wastage
contemplated by Mr Wareham.

How can we introduce an s.s.b. service
into a frequency band already fully
occupied? We can simply reduce the
spectrum required for the existing service
by adapting the d.s.b. transmitters to
compatible single sideband (c.s.s.b.)
operation. Domestic m.f. receivers would
thus continue to be used for their
economic life, while into the spaces made
available in the m.f. band, s.s.b.
transmissions could be inserted to carry
the programmes, justifying the production
of new s.s.b. receivers. Obviously such a
proposal involves compromises. For
example, the frequency response of the
transmitters will be restricted initially to
the present. 5kHz, so that the full
advantages of s.s.b. cannot be realized
until the m.f. band is cleared of other types
of transmission; international agreements
will have to be worked out to keep
interference to a minimum; and so on. As
representative of Kahn Research
Laboratories, developer of c.s.s.b., T feel
that the use of c.s.s.b. offers the only way
to solve the m.f. problem with existing
hardware while providing an improved
broadcasting service to prepare the public
for full s.s.b. transmission in the future.

The existence and virtues of c.s.s.b.
have been largely overlooked until now,
despite its tangible benefits which include
increased signal strength, improved
sigimal /noise ratio and reduced adjacent-
channel interference under present
allocation policies, and improved audio
fidelity with existing broadcast receivers.
C.s.s.b. has also suffered unjustified
criticism in Europe resulting from spurious
tests conducted under unrealistic
conditions using receivers unrepresentative
of normal commercial practice, without
the participation of the listening public.
Yet, it is interesting to note that in
extensive tests in the United States, of
genuine listeners polled at random, 78%
reported improved reception with c.s.s.b.,
19.5% reported no change, while only
4.5% reported worse reception. In tests
over the famous KDKA station, no
adverse reports were received over a five
month trial period. The introduction of the
Kahn am. stereo system (which is
effectively a form of c.s.s.b.) in Southern
California a month before it was publicly
announced, generated no comment that
the " signal had changed in any way;

i americanradiohistans com

Wireless World, October 1972

extensive tests with this system are now
being carried out in New York City.

Mr Wareham states that harmonic
distortion is incurred in practical
broadcast systems and he will doubtless
agree that the harmonic distortion with a
practical c.s.s.b. transmitter is no higher
than with currently operational d.s.b.
transmitters — some 3%. Receiver
distortion averaged over a range of typical
domestic receivers shows a difference
between c.s.s.b. and d.s.b. of no more
than 1%. Again, he suggests that c.s.s.b.
may be more prone to interference than
s.s.b. because of the distribution of
sideband energy. Because of the stochastic
nature of programme material, the higher
modulating frequencies are at a much
lower level than are the low frequencies;
hence the second order sideband is emitted
at low modulating frequencies only, while
at higher modulating frequencies ' the
emitted wave is essentially an s.s.b. wave
that occupies the expected spectrum.
These points are made clear by the
inventor of c.s.s.b., Leonard Kahn, in his
article in Proc LR.E. for October 1961
cited by Mr Wareham. Mr Wareham also
mentions that maladjustment may cause
out-of-channel emission with c.s.s.b.; it is
impossible to imagine any other system of
which the same is not true.

Finally, I would like to stress the
necessity of relating theoretical systems to
practical realities imposed by existing
facilities and commitments. So long as
dogma and vested interests control
broadcasting in Europe, no progress will
be made.

G. M. Ward,
Crewkerne,
Somerset.

The author replies:
While I appreciate Mr Ward’s concern to
get Kahn c.s.s.b. into operation in Europe
I do not think that it is likely that c.s.s.b. —
Kahn’s system, or anybody else’s — will
have much relevance to the problem in the
immediate future. It is not in transmitter
design that the problems lie, but in receiver
design and, even more ‘50, in the short
term, in politics.

Pure altruism has never been a major
driving force in international affairs.

. With this in mind, consider these cases:

Case 1. You are a European broadcasting
authority which by great good fortune is
rejoicing in the luxury of a reasonably
clear channel. If you voluntarily adopt
some form of c.s.s.b. you will create a
tempting vacant space 4.5kHz wide, right
next to your own c.s.s.b. channel. Even if
this space were allotted to you by
international agreement you would find it
hard to use, since to transmit another
c.s.s.b. programme in it would interfere
with the original one, receiver selectivity
being what it is. More likely somebody
else would grab it. In these circumstances,
are you going to change to c.s.s.b?

Case 2. You are transmitting on an agreed
frequency at an agreed power. Along
comes an unfriendly rival who transmits
on exactly your frequency at ten times the
power. After dark your broadcasts
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experience heavy interference and your
service area shrinks drastically. If you
now adopt c.s.s.b., those of your listeners
who have superbly selective receivers and
are capable of tuning them correctly may
be able to reduce the level of the
interference by 3dB; the majority will do
much worse than this. Is c.s.s.b. really
worth the trouble and expense?

Case 3. You are the aggressor, broadcast-
ing on the wrong frequency and with
enormous power. Somebody comes along
and tells you that you may create less
interference by adopting c.s.s.b. Do you
really care? (If Mr Ward thinks you do,
he might try to sell his system to, say,
Albania.)

These are the practical realities in
Europe, and they will not change
overnight. One could, of course, conceive
a situation in which the vested interests
Mr Ward complains about lose even the
partial control over broadcasting which
they now have. In the" ensuing chaos
c.s.s.b. might have a place.

There is, however, an alternative to
chaos. This is the rational planning of
transmissions over a wide area. In a
careful study referred to in my article (Ref.
2) Eden shows that, given specified
transmitter powers, geographical spacings,
channel separation, and receiver selectivity
it is possible to carry out a mathematical
optimization process for Lf./m.f.
broadcasting, on a world basis. It seems
reasonable to suppose that there are
benefits to be reaped even though such
planning were done, not on a global scale,
but on a European one.

That some form of s.s.b. transmission,
including Kahn’s and other types of
c.s.s.b., could play a part in such a plan is
obvious. The political problems are, of
course, formidable, but, as I tried to show
in my article, there is also a formidable
technical problem — the design of cheap
receivers for the closer channel spacings
required. These receivers will be neaded
whatever modulation system is adopted —
s.s.b., ss.b. + ¢, c.s.s.b. or vestigial
sideband. At present, despite some heroic
efforts of enthusiasts, they do not exist. It
is up to us, the engineers, to find out
whether they can be created.

To my mind it is significant that s.s.b.
broadcasting has not been generally
adopted in one of the few parts of the
world where the need is great and the
political difficulties small, namely the
United States; there is one authority,
backed by law, for frequency allocations,
and the neighbours are friendly.

G. Wareham

Doppler effect

In reply to the cri de coeur by Cathode
Ray in his reply to Mr Unwin’s letter in
the August issue, Doppler distortion was
first measured nearly thirty years ago.
Beers and Belar, in their well-known
article entitled “Frequency modulation
distortion in loudspeakers”, Proc. LE.E.,
Vol. 31 No. 4 April 1943, p. 132, give
curves demonstrating this effect.
Unfortunately, the measurement is

complicated by the fact that intermodula-
tion products due to non-linearity
distortion have the same frequency, at any
rate for low degrees of distortion. Beers
and Belar therefore first measured the
non-linearity of the loudspeakers with a
pure tone and from this calculated the
corresponding intermodulation products.
They then measured the level of the
sidebands when a fixed low-frequency and
a variable high-frequency tone were
applied to the loudspeaker. They showed
that in the higher frequency range this was
considerably above the level which could
be attributed to non-linearity ~distortion
and that the level continued to rise with
increasing frequency as would be expected
of Doppler distortion, but not of that due
to non-linearity.

Calculations of the Doppler distortion
in three of the latest types of B.B.C.
monitoring loudspeaker at their maximum
rated power were described in my lecture
to the A.E.S. in January, and it was shown
that in no case was Doppler distortion
audible.

If 1 might take this opportunity of
commenting on the subsequent letter by
Mr Foggitt in the ‘September issue, I have
a feeling that he does not quite understand
the problem. The Doppler effect in the
case he quotes in his first paragraph is a
function of the velocity of the cone at the
lower frequency, not of the sound
pressure, even though these are related. In
the example Cathode Ray quotes, the
amplitude, and therefore velocity, of the
microphone diaphragm is minute for any
sound pressures we are likely to meet. If
for convenience we take a capacitor
microphone, as the amplitude is
independent of frequency, then for a sound
pressure of 1N/m? the amplitude of
vibration of the diaphragm will be of the
order of 0.000,000,1 in, with a
correspondingly small velocity. Although
it must be admitted, therefore, that some
Doppler distortion is produced, the effect
is so minute as to be undetectable and
consequently that from the loudspeaker
would show up at its full value. The same
argument disposes of the suggestion in his
second paragraph that in programmes
Doppler distortion is cancelled out.

The fact that the use of multiple units in
a loudspeaker reduces the level of this
form of distortion from the objective
aspect should, however, be clear; but even
assuming that conditions are so extreme
that Doppler distortion is audible from the
single unit system, it does not necessarily
follow that the lower amount of* distortion
associated with a two-frequency-band
system is any less audible, as the effect of
bandwidth on the audibility of this form of
distortion has never been examined to my
knowledge. It is clear that when
reproducing normal programmes the
distortion will occur less frequently when
the bandwidth of the bass unit is reduced,
but it does not necessarily follow that
when it does occur it will be any less
audible. )

H. D. Harwood,
B.B.C. Research Dept.,
Surrey.
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Theory of relativity

In the August issue Cathode Ray
mentioned an experiment to test Einstein’s
Theory of Relativity. This test involved the
flying of precise atomic clocks around the
Earth to compare their time with clocks
stationary on the Earth and has in fact
recently been carried out by Prof. J.
Hafele, of Washington University, and R.
Keating, of the U.S. Naval Observatory.

Four Hewlett-Packard caesium stan-
dard clocks were flown around the Earth
in an easterly direction and their time
compared with identical earthbound
clocks. The experiment was then repeated
with the clocks moving westward. On the
easterly trip the flying clocks should lose
40ns relative to their earthbound com-
panions and on the westerly trip should
gain 275ns. These time differences can
easily be measured with the caesium
standard which utilizes a precise energy
jump in caesium of AV, where h is
Planck’s constant and V is 9,192,631,
770Hz. This energy transition can be ini-
tiated by r.f. radiation, i.e., what we have
got is a super Q tuned circuit. The second
has actually been defined as that interval
of time during which 9,192,631,770
oscillations of the free caesium atoms
occur.

The data obtained by the experiment is
complicated by the Earth’s gravitational
field but preliminary results indicate
agreement with Einstein’s Theory as 50ns
was lost going east and 160ns gained on
the westerly trip, i.e., all this business of
twins aging differently seems to be true.

Incidentally there is another experiment
planned where the ‘clocks would be taken
to the moon and back in an Apollo
spacecraft. This would provide more
accurate data to test the theory.

L. Gray,
Linlithgow,
W. Lothian.

Transmission-line speakers

Dr Bailey’s transmission-line speaker
design in the May issue of Wireless World
was very interesting. Just before reading it
I had been studying his previous design in
the October 1965 issue and wondering
whether it would be possible to reduce the
chance of standing waves inside the
enclosure by using angled panels to give
triangular cross sections, when, lo and
behold, Dr Bailey had done it for me. I
was all set to build the new enclosure
when I happened to notice the comparison
between the published frequency response
curves for the new design, the 1965
design, and the KEF Concord
totally-enclosed design. For frequencies
below 1000Hz the original design response
is flat within +0.5-2.0dB down to 25Hz
(excellent), the new improved design is flat
within +2.0-11.0dB over the same range
(not so good). More interesting is the
comparison between the new design and
KEF’s totally-enclosed cabinet as
published in their enclosure design leaflet.

S
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The two curves are virtually identical
being within 2.0dB of each other over
nearly all the range from 1kHz to 20 Hz.
One would expect the new trans-
mission-line response to be similar to
the original, and yet it is much more like
the KEF cabinet which is one-third the
volume and based on a different principle.
Sound reproduction is still more art
than science, and I feel Dr Bailey’s
comments on this apparent contradiction
would be illuminating and also helpful to
people like me.
P. A. Sheppard,
Chandlers Ford,
Hants.

The author replies:

The original transmission-line cabinet
was tested under free-field conditions but
with the presence of a floor and a
reflecting wall. This will give at least 6dB
of boost compared with the truly anechoic
response curves which were published for
the second design. This boost at the low
frequencies is due to the prevention of
diffraction which otherwise occurs due to
the absence of floor, walls or ceiling. In
other words, the anechoic response is only
a guide to performance, and a loudspeaker
that gives a truly flat response under
anechoic conditions will sound very bass
heavy when used in a normal room.

Frequency response curves are only a
guide to performance, and certainly one
cannot tell from an examination of
response curves alone the respected
merits of different loudspeaker systems. In
a system using several drive units it is
possible to obtain widely differing
response curves merely by changing the
microphone position being used to
measure the loudspeaker characteristics. It
is by no means unusual to find a response
curve that is sensibly flat on the axis of
the tweeter turn into a curve with dips
of 10dB or more when measuring the axis
of the mid-range or bass unit. In addition,
no anechoic chamber is perfect and one
can obtain considerable variations in
response curves when using the same test
object in different anechoic chambers.
There is at least one known instance of a
speaker being deliberately angled to a very
peculiar position in an ‘“‘anechoic”
chamber, because that was the position
where a flat response curve was obtained.
We are still in a position of not being