T T e i -u.‘::: . '—i'?'S—’E'_'ii- :h
i ""l,l.
PTEMBER 1974 '

N



SHEER SIMPLICITY!

Halt KY5

Tape n.f BASS

Hait HYS

TREBLE

VOLUME

Stereo Mono switch

! l

BALANCE

Ov

Mono electrical circutl diagram with interconnections for steren shown

The HHYS is a complele mono kybrid
pgreamputier, ideally suited tor both
mono and sicreo applical ions. Intérnatly
thre device consisis of two Nigh quality
amplifiers the tirst contains freguency
equatisalion and gain correction, while
the second caters tor tone control andg
balance.
TECHNICAL SPECIFICATION
Inputs
Magnetic Pick-up  3miv._RIAANA
Ceramic Pick-up I0mv

NMicrophone 1omyv

Tuner 100 mv

Auxillary 3-100mV

Input impedance 47¢) at TkH2z.
Outputs

1ape 100mV by

Main guiplit Qdb (0.775 volts RMS
Active Tone Controls

Treble *12db at J0kHz

Bass +12dnb at 100H7
Distortion 0.05% at 1kHz
Signal/Noise Ratio 6£8db .
Overload Capability 40ab on most
i sensitive snput

Supply Voltage * 16— 25 vouls.
PRICE £4.50+0.45 V.A.T. P & P free.
TWO YEARS

The MY 50 is a complele sohid state hiybrid
Hi-Fiamplifer ineorparating its own high
conductivity heatsink hicrmieticalty sealed
in black epoxy resin. Only five conriec-
tions arc provided: Input, output, power
Iines and earthr.

TECHNICAL SPECIFICATION

Ovutput Power 25 watts RMS 1510 892

Load Impedance 4- 1652

Input Sensitivity Odb (0.775 volts RMS)

input impedance 8 71}

Distortion Less than 0.1% al 25 walls
typically 0.05%

Signal/Noise Ratio tietter than 75db

Frequency Response 10Hz- 50kHz ! 3db

Supply Voltage ' 25 volls

Size 10S x SO0 x 25 mim.

PRICE £5.98 + 0.59 V.A.T. P & Piree.

m o

The PSUS0 can be used for cither mono
Qr steres systems.

TECHNICAL SPECIFICATIONS
Output voltage

Input voltage

Size

2% volts
210- 240 voits
L.70, 13.90, H.60 mun.

PRICE £5.00 x 0.50 V.A.T. P & P free.
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A LARGE RAKCE OF TRCHNICAL BI-PAKS NEW COMPONENT SHOP NOW OPEN WITH A WIDE 18 BALDOCK STREET (A10), WARE, HERTS.

AND DATA BOOEE ARE NOW
AVAILAELE EX ITOCK.
EEND FOR FEER LIST,

COMPETITIVE PRICES—

RANGE OF ELECTRONIC COMPONENTS AND ACCESSORIES AT

TEL. (STD 0929) 61593,

OPEN MON-SAT 9 3,m. to 5.30 p.m.
ALL PRICES INCLUDE V.A.T.




©0.1% Distortion

IKHz

@Distortion better than 1% at

@Supply voltage 10—35 volts

Especially designed to a strict specification. Only the finest |
components have been used and the latest solid state circuitry
incorporated in this powerful little amplifier which should
satisfy the most critical A F., enthusiast.

FULLY BUILT - TESTED and GUARANTEED

THERMAL PROTECTION!

The NEW ALG0 Hi-Fi Audio Amplifier.
@®Max Heat Sink temp 90°
@Frequency Response 20Hz to @Lat ign [ ents
100KHz Gz Uik
®Load — 3,4, 8 or 16 ohms

@ Thermal Feedback

@5ignal 1o noise ratio 30dB
@Overall size 63mm x 105mm |
x 13mm

NOW WE GIVE YOU 50W PEAK (25W R.M.S.) PLUS

FOR ONLY
£3.95

r . =
ies T.T.L. I.C'S
74 Series T.T.L. l.
BI-PAK STILL LOWEST IN PRICE FULL SPECIFICATION
GUARANTEED. ALL FAMOUE.MANUFACTURERS

1 s 100+ i 25 100+ 1 25 100
7400 018 017 016 | 2448 £i-10  £107  g£105 | 74122 4150 L1483 £1-40
7401 0138 017 016 | 7480 018 017 016 | 74123  f300 £29 £28
7402 0-18 017 016 | 7451 018 017 016 | 74141 0385 082 079
7403 08 017 016 | 7453 018 017 016 | 74145  £1635  £]158 £1-45
7404 018 017 016 | 7454 018 017 0-16 | 74150 99  £280 £210
7405 018 017 016 | 7460 018 017 016 | 74151 €21 £1.08 £1-00
7406 639 034 031 [ 7470 032 029 027 | 74153 £l.30 ~£1-20 £1-10
7407 039 034 031 | 7472 032 429 027 174154 198 £190 £1-75
7408 020 13 018 | M73 0-41 039 035 | 74155  £1.50 £14%°  £135
7409 020 019 018 | 7474 041 039 033 | 74156  £1-30  £143 £1.35
2410 018 017 0-16 | 7475 050 0-43 046 | 74157 £200  £1:90 £1.80
411 028 027 026 | 7476 044 0-43 042 | 74160 £210 £200 £1.90
7412 0-33 0-34 0-31 | 2480 0-74 0-71 064 | 74161 £210  E2 £1-90
7413 03 031 030 | 7481 £1-30  £125  £120 | 74162 & £4-15 £3.85
2416 -4 0-44 042 | 7482 0-96 095 094 | 74163  [440  £41S £3-85
717 0-4 0-44 0-42 | 7483 £1:20 £1-18 £105 | 74164  £220  £2.10 £2:00
7420 o1 12 0-16 | 7484 £1-10  £1.08 £1:00 | 70165  £2290 £210 £200
1432 05 0-33 050 | 7485 £350 £340 30 | 166 £ £310 £3.00
7473 05 053 0-30 | 7486 035 0-34 033 | 24174 £230 £240 £2.30
7435 055 053 0-50 } 7489 £4.00  £375 £330 | 74175  £1.73 £1.65 £1.55
7426 0-5 0-45 044 | 7490 0-74 0-71 064 | 74176  £1.85  £178 £1.65
7427 0-5i 045 045 { 7491 £1:110 £1-08 £100 | 74177 8$ £178 £1-63
7428 05, 053 0-50 | 7492 0-74 0-71 064 | 74180  £1.50 1-40 £1-30
7430 (9] 017 016 {7493 04 071 064 | 74181  £500  E430 £400
7432 05 0-46 044 {7494 0-8% 082 075 [ 74182 £200 £I £1-13
7433 0-74 073 070 | 7495 0-85 0-82 075 | 74184  £3 £310 £3-00
7437 0-7 068 0-65 | 7496 096 093 086 | 74190 £215 £210 £2.00
438 0-7 0-68 065 | 74100 L1350  £1-45 £1-30 | 74191 £215  £210 £2:00
T440 018 017 016 74104  £107  £1.04 £1-00 | 74192 £313  £210 £2.00
FAd | 074 071 064 74105  £107  £104 £1.00 | 74193  £295  £2-10 £2:00
7442 074 071 G64 | 74107 044 042 040 | 74194 £298  £236 £2.95
7443 £120 L1135 £1-10 [ 74110 0-60 0-55 030 [ 74195 £200  £1.95 £1.90
7444 £1.20  £113 £1-10 [74110  £1-3%  £127 £1-:21 [ 74196  £195  £1.90 £1-35
7445 £1.98  £195 £1.90 [74118  £1-10 - €105 £1:00 | 74197 £1.95  £1.90 £1-85
7446 E1-20  El-1S £1-10 | 7411 £1-30  £140 £1.30 | 74198 [500  £4-75 £4.50
7437 £1-10 £1-07 £108 | 72121 050 0-48 045 | 74195 E500 £ATS 3

DEVICES MAY BE MIXED TO QUALIFY FOR QUANTITY PRICEE (TTL 74 SERIES ONLY) DATA IS
AVAILABLE FOR THE ABOVE SERIES OF LC.’s IN BOOK FORM. PRICE 35p.

STABILISED POWER |

> MODULE SPM80

£3-25

AP20 ls especially designed to pawer 2 of the ALS0 -AmpHfiemn, np‘ht:

15 watt (r.m.a) per channe] simultanecuaty. This
latest ts and circuit L

an

i

modale embodies

complets ahart

incarporsting co
circtlt protection. With the addition of the Mains Tranatormer MTS0,
the mnit will provide outputs of up to I-5 amps at 85 volta. Bias:
63 mm X 105 mm X 20 min. These unlis enable you to bulld Aodio
Systems of the highest quAlity at & hitherto unoltainabie price. Also

ideal for many other applications
Uhnits. ete. Han

Addreas,

: Tiscn Systems, Poblic
10p.

TRANSFORMER BMT80 £2:15 p. & p. 25p

IFTEGEATED CIRCUIT PAKS r
Manuiscturers “Fall Outa”* which include Functional snd Part-Functional Units. Thess are classcd 28 ‘out-of- -
spec’ from the maker's very rigld specifcations, but are jdeal for learning about LC'a and experimental work.
Pak No. Comients Price Pak No. Contenis Price Pak No. Cotitsnts Price TY PE P A1 00
TICH0=12£7400 088 TICi6=5x 7448 0-85 YICH0 =B x 7490
UIQ0L =19 740k 0-55 UICHE =8 X 7448 0-56 TICH =8 x T49L 0-58 | Buiit to a specification and NOT  price, and yet still the greatest value on the market,
TVIC02=12 X 7402 055 UICE0 = 13 X 7450 0-68 TICH =8X 7482 0:85 | the PA10D atereo pre-amplifier has been concelved from the Iatest circuit techuiques.
VIO =12 x 7403 0-58 TI351 m12 X 451 085 VICH3=5 x 7498 088 gned for use with the AL30 power amplifict eystem, this guality made unit
TIC04=1% x T404 0-56 TICES=12x 7403 -85 JUICH =D x 7484 0-55 | incorporstes Do lees than eight silicon planar transistors, two of these are specially
TICHS =13 x 7400 058 UICH4 =12 7454 085 TICH5 =8 X 7495 088 | selected low noise NPN devices for use in tae input stages. =
UICOS= 87408 0:55 TVICH0 =12 x 7460 085 TICHE =0 x 7498 ;6 | Three switched stereo imputs, and rumble and scratch filters are features of the
UTO07 =5 X 7407 -85 UICT0=8 X 7470 -85 VT0100 =58 x 74100 0-88 | P4100, which also has & STEREO/MONO mwitch. volume, balance and continucusly
TICL0 =12 X 7410 0-B65 VICT2=8 X 7472 088 VIC171 =8 x 74121 0-88 variable baas and treble controls.
UIC20m 19 x 7420 0-55 U1072=8 X 7473 0-85 UICI4Llm 8 X 74141 0-58 FICATION:
TIC30=13x 7430 0-55 1074=8% 17474 0-85 UICISL=8 X 74151 085 | SPECIFICAT :
UICA0 - 12 X 7440 0-85 YICT8 ~8X 7476 0-55 TIC1S4=0x 74164 085 | Prequency response 20Hi—30kHz +14B Bass control 1548 &t 305
TECAL =5 % 7441 0-85 GIC80 =8 X 74 058 TICIG8 =5 X 741583 088 | Harmonic distortion better than 0-1%%, Treble control %ﬁdﬁ a4 0kHx
UIC4A2=0 X 7442 0:85 TICEl =5 x 7461 0-85 TIC199 =5 x T4180 088 | Inputs: 1. Tupe head 1-25mYV into BOK§2 Flitors: Rumbls (high pas) 100 Hx
UNC43 =& X 7443 0-85 TICH2 =5 X 7482 055 Radio. Tuner  35mV into S0KQ pass) - SkEH1 Sint
dm X 7464 0-58 TIC83 = 5 X 7483 0-85 DI0XI=25 Assorted 76’ 1-55 3. Magpetic P.U,  1-5m¥ luto 50K} Bignal/nolse Ttia better than +
TICHS =5 X 7448 0-58 TICe8 =5 x 7428 035 All input voltages ate for an output of 250mV. Input overload +264B -
_ . Tape and P.U. inputs equalised to RIAA curve Buppiy 4-35 volts at 20ma.
Packs cantiot be Spllt, bat 25 asscrtad places (cur mix) ls avalisble as PAK TIO X1. within 41dB from 20Hz o 20xHz. Dimenslons 992 %83 x 36 mm
. SPECIAL COMPLETE KIT MK50 COMPRISING 2 AL50’s, only £1 3.1 5
LINEAR 1.C's—FULL SPEC. D;lal?l f;:%RlES DUAL-N-LINE SOCKETS. | 1 SPM80, 1BMTS0 & 1 PA100 ONLY £25.30 FREE p.&p : z
TR P Bkl e T WO Range 07AL20/AL30 AUDIO AMPLIFIER MODULES
T D -IN- C’s anges
o PRSFESSIONAL & NEW LOW COAT. AL10/AL20/AL LIFIE
1133 PROE. TYPE No. 1-24 25-9% 10Qup. AL30
e TSC 14 pin ty 3 300 Mp The ALl0, AL20 and , units afe
Ii::‘;‘l-‘l e tyee 335 32‘; 32 :unﬂ.u in thelr lpyﬂrl;ﬂl md. 1o thelr
piets B 24 AETT UL L Sdection of the plastle pover devices hae
et W COST No. resolted In a range.of outpul powess from
117338 BPS 8 pin type 13p 13p Ilp », ®MB. : ,
P 3 to 10 watts R
RIS BES | 6z 14p 12p The versstility of their design makes them
i BPS 16 17p 15p 13p. Ideal far naa In record playess, tape ecordars,
::‘i';:ﬂ stereo ainplifiers and casseite and eattridpe
-5 T . NUMERICAL tape playery in the oar uwnd of home. - -
Tihs 10 645 043 0.0 [ miwew INDICATOR TUBES
™It + 120 = Lrscriptog.
WIAE Mmgtron § Segoent
Iddicator . o3 £).30
3 TERMINAL BOSITIVE VOLTAGE BI-PAK MAN 1L BLIE Tt Dy AL =k g;“’“m L | Conditions ]
BELULATRRS bk ) HONTC BIBTORTION © Po = $ WATTS f=I1KHz
T2 P Forwmalaizn 00 15 3w | CATALOGUE AND LISTS S Qe B == e 0‘ — it =
sime " il et © T end S ALE. and 18p. Grue vl St | LOADTMPEDANCE - =
—_— INPUT IMPEDANCE . f=1KHz _
TEAK VENEERED The s TER E 0 20 FREQUENCY RESFOREE & 348 Pom2 WATTB
CABINETS for: SENSITIVITY for RATED O/P Ve=25V. Ri=80 1=1KHx
The ‘Stere 20° ampitfier ia monnted, ready wired and tested -~ TR
-STIERES'ZO on & one-piece chassis messaring 20 cm x 14 em x 88 cm. DIMENBIONS =3
TC 20. £3-95 p&p 30p. This compact unit comes complele with obfed switch = - e oo
yolume control, balsnce, bass and treble controls, The above tabls relates to the AL10, AL20 and AT20
ME 50 KIT Transformer, Power aupply and Pewer ampa. lag. The foll table the differences
TC 100. £6-50 p&p 40p. Attracttvely Printed front panel and mateh- in thelr working eanditions
ing w:;rnl k;‘ol:uu;l'hc “Btereo thlmhbmm
designed to nto most turntable plin
SEM.I. Lsnl;::‘gmﬁp;:kﬂ :llthout m:l"“,ln‘ with the mt % (T Pannmetar } * AL10 ALZS ALSO
ystem z g ternatively, into = separate cabinet.
Vrncar, lnfgl:‘ilng&gegléeﬂ, Dutpl# power 20w peak. plnput 1 (Cer.} Maximom 8npply Voltage 25 30 . »
Rec Retall Price £43-30 pet pr. 300mV into 1M, Freq. res 23H1-20kHi. Power output for 2% T.H.D. 8 watta 6 walts 10 wats
OUR SPECIAL PRICE £35.50 Inpat 2 {Aux.) 4mV into SOK. Harmomic s Fa :
per paic pip £1, ONLY WHILE :mf“::on'onz?-'f co;mi:l *&ngﬂ:ci‘oax: (BL =801 = 1 KHg) BMS Min RMS Min. RMS Mtn
STOCKS LAST! TaD et ek oo £14.45 PRICE £220 £259 £33
FRONT PANEL. 4 knobs, Headphone Socket, PA 12. PRE-AMPLIFIER SPECIFICATION
cl:";’tizﬂll (ls)‘?}ch and neon for PA " 100/MK 50. § The PA 12 p has been d Lo mateh into | Prequency response—
o 3 most budget stereo systems. It is compatible with the Bmﬂgounzk-;lbﬂlm:(-adh) =
. AL 10, AL 20 and AL 30 sudio power amplifiers and it = . ..
TRANSFORMERS : can bs mupplied from thelr ted er Treble &I ILBlatEDHE » . =
T48]1 (Use with AL10) S£1-88 P & P 18p Thare are two stereo inputs, one has been derigned for use 4 14dB at 14KHx o ‘ °
T538 (Use with AL20) £193 P & P 15p with *Ceramic cartridges while the suxiliary input will | *Inpot 1. Impedance ¥ 3 . -
BAMYED [Use wHETALSOIEIALS) RE L2 Uit most fHagnetic chrtridges. Full details sre given in 2 Meg. ohm W' 5 5 i 1
4 the fAication table. The four controls are, from left to HInput mivltr ;OOmV -
POWER SUPPLIES right: Volume and onfoff awitch, balance, bass and treble. Snee At D ) BO a A D

P8 12. (Uae with AEI0 & AL30)
BPM 80. scwith also AL30 & ALIO0

83p
)

325

Bize 152mm X B4mm X 35mm. PRICE £4-35
FRONT PANEL FP12 with knobs £1-20.

30 K ohma
Beneltivity 4mV



COMPONENTS GIANT ENTERS
THE ENTHUSIAST MARKET

Sit back in your chair, close your
eyes and let your mind wander.
Think how nice it would be if there
was a component supplier with a truly
comprehensive catalogue and huge
stocks who would have everything
you needed for your projects, They
would work with magazines to arrange
for supply of unusual components
for specific projects and would
arrange a kit for the most popular
ones.

Not only that, but they would
guarantee same-day despatch and
would automatically refund money on
out of stock items if they couldn’t
supply within a week.

Just a dream? Not if a new
company who are entering the field
in a big way can live up to their plans,

The name is Doram and the reason
why these aims should be taken
seriously is that they are an off-shoot
of R.S. Components {Radiospares as
was) who have managed to fulfil this
sort of service to the trade for
several years.

Doram will be mail-order only and
ETI have been one of the few to see
early proofs of the 64-page catalogue
that they are issuing and excellent is .
the only adjective that can be
applied. A truly vast range of compo-
nents are going to be stocked, clearly
labeiled and with all the information
necessary.

Frank Chable, who is responsible
for this new venture, has really done
his home-work. Months ago he
discussed with ETI his plans and
wanted to know what readers wanted
in the way of service. The result has
been that Doram know the problems
and believe they can overcome them.

Closely associated with Frank
Chable will be Andrew Dawes
{G8HEW) who had buiit up several of
the recent magazine projects from
components which will be in the
catalogue and showed these at a
recent Press conference.

The catalogue will be available
for 25p from September, while the
company will open for business on
October Ist. The address that Doram
hope will be quickly remembered
by heart is P.0. Box TR8, Wellington
Road Industrial Estate, Leeds,

LST12 2UF.

If Doram can live up to their
promises, and they have not made
these without their eyes open, they
are going to get a big slice of the
components market very quickly. We
wish them well.

news digest

PETROL PUMP PREVIEW

A new generation of electronic petrol
pumps made by Avery-Hardoll is

* shown in the photograph. The new

equipment incorporates advanced
electronic systems to provide comput-
ing, control and digital display funct-
jons.

Among the options available to
customers when they place orders will
be coin/note acceptors, bank card
readers, pre-setting devices at the
pump or kiosk for volume or price
and data recording equipment

NEW COLOUR TV TUBES

The latest advancemeénts in colour
television tube technology, which
include the extension of the precision
in-line concept to large screen colour
tubes employing 110-degree deflection
angles, were recently demonstrated

by RCA. The company showed a
complete line of the highly successful
90-degree matrix precision in-line tube
system as well as 110-degree delta tri-
colour-dot tubes in two sizes.

RCA plans to develop these non-
matrix versions of the 19V and 25V
110-degree precision in-line tubes for
production by RCA affiliate colour
tube manufacturers within the Euro-
pean market in the near future.

Wide angle {110 dearee) deflection
colour tubes provide a smaller diam=
eter electron beam spot size which
results in improved picture resolution
(sharpness). The wider deflection
angle also reduces the over-alt length
of the colour tube by 4 to 5 inches,
thus offering the potential for more
attractive styling.

The extension of the precision in-
line concept to 110-degree deflection
colour tubes provides a system which,
in addition to improved picture sharp-
ness, offers the potential of cost sav-
ings through the elimination of
complex circuit components and dyna-
mic convergence adjustments. The

- . . —
RCA precision in-line system permits

the permanent attachment of the

deflection yoke to the tube, thus

simplifying installation and eliminat-

ing costly and time consuming colour

tube alignment at both the factory

and the home.

GREAT FUTURE FOR LED'S

Speaking at a recent seminar in
London, Stan Gage, Application Engi-
neer of Hewlett-Packard predicted a
considerable growth in the use of
LED’S: ‘““New materials and technol-
ogy have produced high-efficiency
LEDs and displays with greater light
output for current consumed, and for
a lower cost. When you take into
account the other beneficial design
requirements — high reliability, low
mechanical mounting requirements,
low heat dissipation and a wider range
of colours for example — you get
devices just crying out for new appli-

‘cations. In some fields, particularly

the consumer products field, ! expect
to see usage increase by an order of
magnitude very shortly. This applies,
for example, to digital clocks, radios,
home appliances, and automobiles.”

LOW PRICE VERSION OF H-P 80

Our US correspondent tells us that
Hewlett-Packard are planning to intro-
duce a low-price version of their very
successful H-P 80 financial calculator.
The unit is believed to have most of
the H-P 80’s functions except for the
more specialised functions such as
trend-line analysis etc.
Look for a price around £70 and
an official announcement very soon.

US SAYS NO TO METRIC

It now seems virtually certain that the
US will not go metric — at least not
within the foreseeable future.

Supporters of the proposed metric
conversion legislation were stunned
when the House recently refused
even to consider the Bill.

The proposed conversion was to
have been voluntary, but would cert-
ainly have resulted in pressure being
applied to many organisations in
technology and commerce.

Surprisingly, the Bill has been
killed, not because of any doubts
about the rationale of the metric
system but simply because agreement
could not be reached abotit who was
to pay the cost!

Fortunately the inch has been
defined rather more accurately since
its early beginnings when it was ‘the
length of three barleycorns, round and
dry, laid together’.



SOLAR ENERGY PROJECTS

The search for a viable system to
harness solar energy has taken a
further step forward through two
development projects currently being
undertaken by Honeywell’s Systems
and Research centre.

The projects are a solar energy
heating system in a Minneapolis school
and a mobile solar energy research
laboratory. Both have attracted
grants from the US National Science
Foundation.

thick solar collector consists of temp-
ered glass, a layer of translucent
plastic, two absorber plates {which
absorb the sun’s thermal energy and
between them a water-glycol mixture
is circulated), a layer of insulation, and
a metal outer frame.

After the water-glycol solution in
the collector system is heated to
between 1300 and 1500F, it is trans-
ferred to heat exchangers in the
school’s exjsting heating system. The
system is expected to produce 1,320

SOLAR AIR CONDITIONING EQUIPMENT ——

The Honeywell mobile solar energy research laboratory. The collector panels run the

whole langth of the unit.

At the heart of the school project
is 2 5,000 square foot solar collector
system made up of 36 inch by 96 inch
collector units mounted on structural
frames in an dpen area next to the
school’s playground. Each six-inch-

million BTU’s a year {6.3% of the
total requirement) equivalent to saving
12,500 gallons of oil a year.

The second project is a mobile solar
energy research laboratory which has
recently reached the field test stage.

Prime objectives of the laboratory are
to collect climatic data to be used in
the design of integrated solar heating
and cooling systems and to carry out
practicatl tests on the application of
heating and cooling systems to
buildings.

The laboratory consists of two
units. A 45-foot trailer houses the
solar heating and cooling test equip-
ment and a complete weather station.
A 50-foot ‘office’ van represents the
building to be heated, cooled and

A pyranometer check being made on the
solar energy collecting plates. This

measures the intensity of the sunlight to
enable the overall efficiency to be calculated.

supplied with hot water by sun power.
1t will-also be used for on-tour solar
energy briefings and discussions.

WORLD'S LARGEST SOLAR
ARRAY

A photovoltaic solar cell demonstrat-
ion system is being set up in McLean,
Virginia, by the US Mitre Corp. on the
roof of its building.

The system, designed to convert
solar energy directly to electricity,
will be completed by late summer and
will generate 1500 kWh of electricity
annually. Although the output isn’t
large by normal electricity consump-
tion standards, the photovoltaic cell
system is the biggest earth-based array
of its type, Mitre says. The system is
the first step in a continuing evaluat-
ion programme.

LOW COST SOLAR CELLS

A major advance toward producing
low-cost solar energy was reported
last month.

Besearchers at USA's Tyco
Laboratories {Waltham, Mass) and at
Harvard University jointly reported
that they had developed silicon

ribbons up to two metres long — and
of a quality sufficient to produce solar
cells of some 10% efficiency.

The new technique may eliminate
the present costly process in which
thin wafers are cut from large singte’
crystals,

Currently the new process operates
by melting poly-crystalline silicon in a
crucible. The disc crucible is equipped
with a die into which the molten
silicon rises — by capillary action. The
silicon is then pulled through the die
in ribbons about 2% centimetres wide
and 0.2 mm thick.

Tyco Laboratories have licensed
RCA to use the new manufacturing
process. :

DOLBY FM BROADCASTING
APPROVED

The US FCC (Federal Communicat-
jons Commission) has given the go-
ahead to FM stations in the United
States to use a combination of Dolby
B-Type noise reduction and reduced
pre-emphasis {25 microseconds

instead of the US standard of 75
microseconds). This technique was
recently proposed by Dr. Ray M.
Dolby as a compatible way to allow
increased dynamic range in FM broad-
casts, while substantially reducing
noise and distortion.

The value of a reduction in pre-
emphasis {i.e. the amount by which
high frequencies are boosted during
transmission) has long been recognised.
This would reduce the danger of aver:
modulation, but present FM tuners
and receivers would obtain a relatively
dull sound if such a change were made
independently, The B-Type noise
reduction, on the other hand, resuits
in brightened reception when applied
to a signal received without decoding.
By linking the two techniques, high
quality compatible reception is obtai-
ned by all listeners, Those listeners
with Dolby noise reduction circuitry
will obtain an improvement which
wouid otherwise require a substantial
increase in transmitter power.

Dolby FM broadcasting has a
number of advantages: firstly, no
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listener or station is required to
convert. The change is purely option-
al. .If a station transmits a Dolby FM
signal, listeners with conventionat
equipment benefit by a reduction of

- high-frequency distortion, a possible

increase in programme level, or both.
With 75 microsecond reception, the
result is difficult to distinguish from a

-normal signal,:and is only slightly

‘brighter’ where 50 microseconds is
the standard. Listeners equipped with
25 microsecond de-emphasis and.
B-Type noise reduction circuits obtain

. four benefits: improved signal:-to-noise

ratio; full programme dynamic range,

even at high frequencies; better recep- -
~tion in weak-signat areas; and reduced

likelihood of interference.
Dotby B-Type broadcasting has

"been carried out for some time by a

number of US stations without altera-
tion of pre-emphasis. Since the origi-
nal expetimental transmissions in 1971
several FM stations have been trans-
mitting 75 microsecond B-Type broad-

_casts, under existing FCC regulatioris:

As a resuit, some Dolby licensees have
already preduced tuners and receivers
equipped to decode Dolbyized

; transmismons

In 1972, investigations at Dolby
Laboratories indicated that for -
optlmum use in broadcasting B-Type
noise feduction should be linked to-a
redugtion in pre-emphams time con-
stant. The improvement in FM trans-
missions which the combined change
brings about is so significant that the
company ceased active promotion of
the simpie form of B-Type broad-
casting.- Early in 1973, Doiby

| Laboratories recommended to all its
_consumer equipment licensees that

where they incorporate B-Type
¢ircuits for FM decoding, they should
also include a time constant-switch
option, as it was hoped - and consid-
ered a likely possibility - that the FCC.
and other broadcasting authorities
would eventually agree with the
company’s technical conclusions. -

TV RECORDING BREAKTHROUGH

Researchers at Batelle {Washington
USA) claim to have made 3 break-
through in TV recording.

They have developed a method of
using lasers to scan -TV pictures and,
storing the resultant image on a

_ photosensitive plate. -

The pictures are converted to

-digital information which is thén

recorded as a series of dots, each one.
micrometre diameter. Data density
is 200 miltion bits/sq. in.

Playback is achieved by an optical-

“scanner.

The technique’s main advantage is
that of cost. Whereas a 30 minute-

magnetic tape recording normally costs
about £20 Batetle claim that their
method would enable the saume
material to be recorded on a 120 by
170 mm record for as little as 20p.

ORGAN TONE IC'S

Two IC’s have been announced which

- will be o6f considerable interest to

organ builders.

From General Instruments comes
the AY-1-0212 MOS circuit. This
requires a single input frequency to
produce the full chromatic scale of
12 notes. Six stage dividers to accom-
pany this (AY~1-6721/6} are also
available. Both components are
available from Semicomps of Wembley,
Middx. Price of the tone generator
is £5.55. -

From | TT Germany there is news

of another chip which generates the
top 13 notes of an organ and it
carries the coding SAH200. Supply
voltage is 22V. Stability is claimed to
be excellent and is within £.0.011

per cent.

WATTS RMS NOW OFFICIAL

The US Federal Trade Commission has
now set a date for enforcing its new

-strict rules on audio power claims for

home hi-fi equipment,
Legislation, effective November 4,
1974, specifies that amplifier power

output must be quoted as continuous

power capability {watts rms).

Other specifications, such as peak
power or music power may still be
used but must be based on recognised
industry standards and must be
subservient to the main rms disclosure.

‘SCISSOR STYLE’ CUTTING AIDS

A new range of production aids has
been introduced by Adcola Products
Ltd. They are designed to deal with

 awide variety of wire cutting and
. sheet metal trimming applications.

All the cutters feature ‘scissor-type’
operation and incorporate a special
cutting edge to-provide a positive,
clean cut on copper and steel wire
{up to about one mm diameter).
The surgical scissor style is claimed
to give easier and more accurate
control. The tools are manufactured
to precision-standards in high quality
chromium stainless steel.

Three models-are available.

The FMI7 replaces conventional
side cutters for use with singlie or
-multi-stranded wire, The serrated
edge ensures a good clean cut
eliminating burred wire edges, which
in the past have created difficulties
when removing components from

printed circuit boards.

The FMIG features a side-snips
configuration allowing use as
tin-snips to cut small radii. Itis
possible to successfully cut right to
the very point of the cutting edge
making the cutter ideal for fine work.

The FMI7 is spring loaded and
leaves a standard finished wire length
termination of [.2mm from the PCB,
making it ideal for solder flow bath
applications. The finished wire cut is
clean without burred edges and the
tool is suitable for use after soldering
too. The tools are specifically
‘designed for use as ancillary aids to
‘soldering in the electricat and
‘electronics industries and are priced
from £5.10p plus VAT and details
may be obtained direct from:
Adcola Products Ltd., Adcola House,
Gauden Road, London, SW4,

Continued on paga 70.




Before you build a Heathkit
send away forafree
bookful of encouragement.

The new Heathkit catalogue. :

In it you'll find the whole range of Heathkit
clectronic kits. The world’s largest range, in fact.

Every one of which you can build yourself.
Easily. And quickly.

And, if you’re not convinced, we're sure a quick
glance through our catalogue will soon encourage
youtotry.

You'll probably surprise yourself.

Because, even if you've never used a soldering
iron in your life, you can build a Heathkir. *

The casy to understand assembly manualand
Kit Builder’s Guide you'll get, see to that.
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Start with something comparatively casy
perhaps. Like our very popular digital
alarm clock-the one on the front
cover of the catalogue. It should only
take you about three cnjoyable evenings. %

After which you may like to try your hand at the
AR-1214 stereo receiver. Beautifully finished and
delivering 20 watts music
P power a channel, it’s
ideally suited to form
7 thebasisofa
“AEE complete stereo system.
Or, if you want something to drag you away
from watching television all night, we have just the
thing: a television. .

The GR-9900to be precise. A 12 solid-state
black and white television designed for mains or 12V
battery opcration.

So you can use itin
the boat or caravan as well
asathome.

Yetit’s so straight-
forward to build thateven
afirst time kit builder
will probably be switching on n
after only a few short evenings of absorbing work.

Send us the coupon now and we’ll send you your
free catalogue. Or, if you happen to be in London or
Gloucester, call in and sec us. The London Heathkit
Centre is in Tottenham Court Road (where else?) at
number 233.

The Gloucester showroom is next to our factory
in Bristol Road.

At erther one you can be sure you'llget alot of
encouragement.

Heath (Gloucester) Limited, Dept ET1-974,
Bnstol Road, Gloucester, GL2 6EE.

Telephone: Gloucester (0452} 29451.

| The newHeathkit catalogue.Out now. FREE. |

| To: Heath (Gloucester) Limited, Dept ET1-974 .Gloucester, GL2 6EE. Please send me my free Heathkit catalogue. y

:Namef__5 R TSP 8 it
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In recent years, man has taken to the sea as never before. In
this article, Dr. Sydenham deals with sub-surface operations:

VISUAL means of measuring distance
and position under the sea are not
satisfactory because the visibility is
100 pooT.

With ocean depths running to many
kilometres, the 50 m or so that
daylight penetrates is relatively
insignificant. Even at the bottom of
the Continental Shelves (where most
of the present underwater human
activity: takes place) artificial light is
necessary.

With the exception of VLF radio
transmissions (which lack adequate
precision anyway for most sea floor
work} radio location methods are of
ino use, as water rapidly attenuates
the signal.

Fortunately acoustic waves, in
contrast to electro-magnetic waves,
travel well in water so radarlike
principles can still be used, but with
different hardware. Furthermore, the
acoustic velocity of waves in water is
considerably slower than that of

10

electro-magnetic propagation so it is
possible to gain finer detail of
structure and position — the problems
of interval timing are not as severe at
the reduced velocity.

Positional sensing devices are needed
in oil-drilling control, in hydrographic
surveys where the sea floor is charted,
in fishing, in exploration and in
military operations. Decompression
and compression effects alter rapidly
due to the high density of water
compared with air and any man or
machine venturing well below the
surface needs to know the depth if
only for reasons of safety. Many
undersea measurements can be made
from the comfort of the surface
others must be made from below.

Acoustic Sensors — The basic
elements of a sonic uridefwater ranging
or communication system are the
tfransmitter transducer that sends out
the acoustic signal; a receiver (which
may be the same transmitter

transducer) and a data processing and
display system — see Fig. 1.

Most systems operate in the
ultra-sonic region making use of
electric spark discharge, piezo-electric
or magnetostrictive modutation
methods to couple electrical energy to
the water medium as acoustic energy
waves. Various names are in use —
echo sounders, sonar {short for sonic
radar}, hydrophones and acoustic
sounders — there is little specific
meaning in each.

Sonar ranging systems use the same
principles as electro-magnetic radar —
that is, they may measure the time of
fiight of a pulse or they may use
continuous wave methods.

The Freid Krupp Atlas-Elektronic
echo-sounder operates simultaneously
with 30 kHz and 210 kHz carrigr
frequencies to cover the depth range
from zero to 300m.

The varying velocity of sound waves
in water limits the accuracy of sonic
methods to about 0.1 percent and 18-

ELECTRONICS TODAY INTERNATIONAL—-SEPTEMBER 1974
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switched ranges are used to obtain
resolution at the respective depths.
This system can resolve increments
down to 50 mm, depending on range,
sending the sounding pulses of carrier
at 60 per second. The higher
frequency in this system is for charting
the upper surface of the sea-floor mud,
the lower frequency penetrates as
deeply as 8 m down into the mud.
Many sonar devices now include a
display that provides a picture of the
sea bottom. Depending on the type of
sensing arrangement, this wiil be either
a cross-sectional)profi le or a plan view.
If the sensor 'is hull mounted the
ship’s noise, especially while the ship.is
under way, will seriously restrict the
attainable resolution. More sensitive
systems, for example the E.G & G
side-scan sonar have the sensing
transducer in a towed hydrodynamic
‘fish’ that hangs as much as 600 m
down. In this side-scan device the “fish’
transmiits short acoustical bursts of
carrier at right angles to the path of
movement: the beams slant slightly
downwards to impinge on the bottom
below. Time interval differences
between sent and received pulses
enable a picture of the bottom to be
built up on a ship-mounted display.
This display is clear enough for fine
seéa-floor detail to be studied out to
450 m on each side. (See Fig. 2).
Seismic sounding is another acoustic
method. This is used to explore the
structure, rather than surface details,
of the rock and mud below the ficor.
Explosive charges, compressed air
releases, spark discharges and other
methods propagate a soundwave down
into the floor. (Explosives used range
in size from tens of grams to tens of
tonnes}. These waves eventuaily
emerge out of the rock because of

Fig.2. Side-scan sonar was used to provide this

vidw of the sand floor in which the sandwaves
= and_an gxposed pipe-line can be seen,

demaduistor

v
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reflections from the interface of -rock
layers or from diffraction effects that
curve the rays. Arrays of floating or
floor-placed hydrophone  pickups
detect the emergent sound waves. The
strength of the signal and its arrival
time at each sensor are then combined
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transmission lines

sea bed at slant range
of 762 metres to
port of transducer
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--sea bed vertically =—
below transducer

Fig.1. Schematic and éctual photograph of the Thomson
— CSF portable sonar used by divers to locate obstacles
whilst underwater. The unit uses a reflector cone of

140 mm diameter to ephance the gain.

with the known acoustic wave
velocities to give a cross sectional
picture of the structure being studied.
The example shown in Fig. 3. i§ part
of a survey of the English Channel
made for the Channel Tunnel project.
Acoustic methods aré also used in

range markers at
15 metre intervals

sea bed at slant range™
of 76-2 metres to

starboard of transducer
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Fig.3. Seismic sounding enables the cross-saction of sea floor structure to be

obtained.

the search for underwater objects. In
one military system, a listening head is
lowered into the water from a
helicopter. Figure 4 shows a piece of
commercial equipment. This is a
scanning sonar that is lowered on a
cable. Its sensing head rotates to view
a circle perpendicular to the cable; a
1 m sphere can be detected at 120 m
range, an acoustic marker at 500 m.
Acoustic markers are active devices
deployed at a datum point — they
transmit a closely omnidirectional,

equal intensity acoustic carrier. The
Thomson-CSF 7011 unit sends out
50 ms bursts of 38 kHz each 0,65, Its
battery pack operates the marker for
10 days. The Thomsen 7021 unit
operates for six months unattended.
As with radio-iocation methods,
some acoustical methods make use of
transponders. This technique reduces
the battery dratn, as the transponders
only transmit at full power when
instructed to by the incoming energy.
Divers use acoustic markers for

.4, Immersed objects search sonar by
mson — CSF.

relocation. A more spectacular use is
in deep sea drilling. Here they are used
for automatic control of drill string
position when re-entry into the
bore-hole is required.

Around 1965 it was decided that
much scientific information would be
obtained if core samples could be
taken from the deep sea-bed floor. An
oil-drilling rig — renamed the Glomar
Challenger — was converted for this
purpose and was put into service
sampling line after line across the sea
floor.

To collect these samples, exploratory
holes must be drilled in the sea floor at
water depths of 7 km. It is not hard to
visualize the difficulties of such an
undertaking. For a start using a seven

Kkilometre long supported drill string of

just some 150 mm diameter is like
feeding the end of a long piece of
cotton into a needle hole that cari't be
seen. The drilling rig must remain
above the hole during drilling
regardiess of sea state and it must be
possible to reinsert the end of the drill
string into the hole with reasonable
ease.

Sonar is used to re-enter the bit into
a2 b m diameter concrete cone that sits
on the sea bottom. Acoustic sensors,
mounted around the edge, provide
signals to power the stririg thruster {a
water-jet from the side of the string at
20 m up from the bit) until the bit is
over the cone.

Commercial companies have since
developed somewhat similar systems
for use in shallower water. A re-entry
sonar unit by Thompson-CSF, is
shown in Fig. 5. Their system
gliminates the entry cone to the well
head and lessens the chance that tfe
string or drilling operation will damage
the sensors. The unit is set on the
bottom near to the hole and the
rotating search sonar gives a panoramic
display of the sea-bed. The surface
operators can then manceuvre the ship
accordingly, The small cone at the top
is the outlet of a tautwire
inclinometer (discussed later in this
article), The unit will operate in
depths to 300 m enabling its surface
operators to see out to 80 m.

Undotibtedly acoustic methods are at
present the most powerful means
availdble for seeing underwater. Few
vessels can do without one form or
another,

To round off this description of
sonic methods let us look at what is
probably the biggest acoustic ‘fish” yet
made. This is the Geological Long
Range Asdic {GLORIA). It was built
by the British National lnstitute of
Oceanography at Guildford for making
side-scanned sonar maps of the
bottom. The device is 560 m wide,
some eight tonnes in weight and 10 m
long.

It is towed at 10 knots at a depth of
200 m. Inside are automatic steering



Fig.5. Acoustic methods of measurements
make it possible to thread a drillstring into
the bore-hole by remote control from the ship,

units to control altitude and depth — a
map would be meaningless without
control ‘of the direction of the sensors.
One hundred and forty four trans-
ducers look out 20 km each side.
With a maximum design depth of 9 km
this device should add considerably to
our knowledge of the sea fioor.

Underwater acoustics are. versatile
but other methods often provide a
more economical sofution or soive a
problem outside the capability of
sonar.

TAUT WIRE INCLINOMETERS
Possibly the easiest way to locate
position on the bottom from a ship is
to stretch a wire between both points,
using its length and angle to the
vertical to relate the two. ’
TSM 9101 is the code number of the
Thompson-CSF inclinometer used in
oil wefl drilling. It is shown installed
on ‘Toucan’ in Fig. 6. A five to 10 mm
diameter high-tensile cable is secured
to the bottom with a dead-weight (the
sonar re-entry umit mentioned earlier,
for instance). The shipboard end is
held under constant tension by an
electric winch which has automatic
control over the pull exerted.
Outboard from the hull, where the
cable enters the water are the
inclinometer units in which two
damped pendufums (driving
transducers} monitor tilt in mutually
perpendicuiar directions. This method
is not as accurate in defining position
as some sonic procedures but suffices
to hold the ship (using feedback
control — see later) within a cone of
diameter of five per cent of the depth;
the sensors measure to within one per

Fig.6. Inclinometer control of ship position. The cable goesto.a bottom la_catiqn and is held
tensioned. Inclinometers measure the.tiits of the wire in each horizontal direction.

cent. Greater accuracy would require
corrections to allow for the catenary
shape in which the cable hangs when:
not truly vertical. This has™ been
investigated by a North American
team.

TELEVISION i

- Angther way to position objects is to
lower a television system and lights so
that relative positions can be seen
from the surface, CCTV has been used
‘to look into drilt holes, to drop grabs
when a worthwhile bite can be made,
to close fish nets when a shoal swims
in.

The ill-fated ‘Thresher’ submarine
was finally identified this way in 1963
but even before that this method
identified the underwater wreck of the
‘Affray’ — back in 1951. You

_probably remember the saga when the
US Airforce lost an H-bomb off the
coast of Spain in 1965. The

remoteé-controlled submersible. CURV
was lowered to find and retrieve the
bomb. Television and sonar sensors
were used in the operation.

Recent - advances in . low-light
television have greatly improved the
seeing power of CCTV in underwater
exploration. -
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WE’RE ALL AT SEA...

FREE-FALL CAPSULES

So far we have looked at methods
that are tied, either physically or by an
information carrier link, to the mother
ship. Ancther class of devices are
released from the surface to fall freely
— collecting data during the descent,
or when in position at the bottom.

These are particularly useful for
extended periods of measurement as it
is costly to keep a surface vessel in
place for a long time. One example is
the measurement of wave and swell
heights when records of many months
duration are needed and measurements
often must be made in quite
inaccessible places,

Two methods are used for coliecting
the data transmitted by the capsule.
The capsule may have an acoustic data
link to a surface buoy and the data is
retransmitted from there, or, as is more
common, the capsule will contain
recorders that are interrogated upon
retrieval of the capsule.

Recovering a free-fall capsule
requires some ingenuity. Some
capsules have an inbuilt time-switched
trigger to float thermn back up at the
right time. In others a surface-sent
sonar pulse activates the flotation
device. Still the loss of free-fall
capsules is a major problem. Even
tethered capsules go astray.

WAVE HEIGHT MEASUREMENT

It is difficult to measure wave-height
from a surface location for there is no
stable-altitude platform from which to
measure the height changes. The
Air-borne laser terrain profiler can
provide a measure but is not the most
economical way if wave-height time
variations at a fixed point are needed
over long periods. instead, it is easier
to make use of a sensitive
pressure-gauge that menitors sea floor
pressure; the height of water at any
moment governs the hydrostatic
pressure below,

In wave-height meters the design
must incorporate automatic pressure
balancing to counter the absolute
pressure as the device descends. In the
Horace Lamb Centre system, shown in
Fig. 7, the tyre inner tube compresses
with depth producing a pressure
balance between the inside and outside
of the measuring bellows. When the
end of the hanging chain touches the
bottom it reduces the weight on the
valve shutting off the air-cock. The
differential-pressure transducer is thus
balanced on each side at the ambient
pressure and is then ready to record
the small pressure changes brought
about by the changing water-head.

Absolute pressure is, of course, a
measure of absclute depth and this
principle is used to gauge depth — in
the same way as the aircraft altimeter

measures height. The design of depth
gauges is, however, quite different
from that of altimeters for sea
pressures run to kilograms per square
millimetre. Skin divers use small
wrist-watch size pressure gauges to give
them a depth reading.

HOLOGRAPHY

Holography is a universal method
capable of utilizing any coherent wave
source and is now being adapted for
use in sea-floor mapping. The object of
interest is illuminated with a broad
wave-front of coherent acoustic
radiation. The subsequent reflections
are received at the surface where they
are mixed with coherent radiation
taken directly from the source. An
interference pattern is created where
they meet on the surface. This is the
hologram {the name usually associated
with laser radiation} or phasigram (for
acoustic  holography}). The plane
hologram contains enough information
for the scene to be recreated as a 3-D
image — achieved by looking through
the hologram at a similar coherent
source,

Acoustic holography Sseems best
underwater, for the coupling and
attenuation problems are less than at
other radiation wavelengths. This is,
however, not necessarily so. Laser
radiation, especially at green
wavelengths, is also suitable. The
earlier preoccupation with sonic
methods has led to greater experience
with acoustics but recent events now
show laser methods to be applicable in
water.

In the sonic technique, use has been
made of an oil film on the surface that
forms in a 3-D shape related to the
acoustic interferences. This can then
be recorded as an optical hologram
using laser radiation. Still water is,
however, essential so other workers are
researching the use of scanned signal
or multiple hydrophones as & way to
record the phasigram in a moving
surface situation.

infancy but in this decade we <an
expect to see holography used to
produce reconstructed pictures of the
sea floor, thus giving still more
alternative methods with which to
study the underwater world.

CONTROL OF POSITION

Having seen how we can determine
position and produce a control signal,
it is appropriate to conclude with a
quick look at automatic positioning
techniques used at sea.

Automation requires first a position
sensor, then instrumentation to
process the positional -and time data
and produce the error signals which
drive the vessel’s manoeuvring system.
The final requirement is devices to
produce thrust ih a particular
direction.

Automation can be used either to
guide a moving vessel (navigation) or
hold a wvessel stationary {dynamic
positioning).

AUTO NAVIGATION

Provided the input to a rudder
accepts the form of signal produced by
the processor, and a rudder
position-feedback transducer exists,
then auto navigation can be arranged
by assembling the various units as
illustrated in Fig. 8. Radio location
methods can be switched into the
system to give actual position data; the
system will also work from a magnetic
compass output or a gyro unit. The
auto-pilot unit accepts the positional
data, compares it with the desired
position data and produces an error
signal if there is a difference. The
steering gear is then driven accordingly
to reduce the error and hold it close to
zero. A rate-gyro is also incorporated
to assist turning operations — it
provides a precise short-term
directional reference.

Several manufacturers affer facilities
that automatically plot position {to
the appropriate map-scale) as a course
is followed. These can be used as a

Both methods are still in theif check of the autopilot or as &8 manual
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Fig.9. Block diagram of system, based on the ta
constant position regardiess of sea-state.

aid to semi-automatic navigation. The
Del Norte equipment, for example, has
a general-purpose processor to convert
navigational instrument signals into a
form compatible with a programmable
desk calculator having a coupled X-y
plotter. This equipment also provides
left/right steer indication for manual
control.

In hydrographic survey the aim is to
chart the seadepth in order to plot
maps. It has beeh suggested that the
use of a number of slaved sounding
launches covering the area around the
mother ship would be advantageous.
One institute has already built a
remote-controlled unmanned launch
4o test the feasibility of the concept.

DYNAMIC POSITIONING

In the main, it is the oil rigs that
need motion stabilisation.
Consequently many drilling ships now
have advanced position-control
mechanisms. As the vessel is not
making way, rudder control is not
applicable. Instead oil rigs use thruster
units, placed fore and aft in the hull.
These may be water jets using pumps
or additional, conventional,-propellers;
in each case their compounded effect
can thrust the ship sideways as well as
forward or backward. Having many
more variables of thruster control than
the simple rudder {for example, there
may be four units each having variable
power and direction in a full circle)
the processor of this kind of control is
more complex. Not only must the
position be held constantly but in
many cases the heading must aiso be
maintained to reduce rotling in heavy
seas.

The exploration ship ‘Terebel” of the
Institut Francais du Petrole had this
control fitted in 1964; since then
many other ships have been fitted out
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ut-wire inclinometer, to hold a ship in a

in this way. The latest is probably the
‘Pelican’, fitted with the
Thompson-CSF system (illustrated in
Fig. 9). A taut-wire inclinometer (of
radio location system) provides x and
g inputs to the processor from which
errar signals control the thrusters. In
some 1968 tests with this equipment
the ‘Terebel’ was positioned to within
2 m at a depth location of 40 m with
the sea-state at 4 m high waves. In
quieter seas it controlled to within a
metre.

It can be seen that positioning at sea
is a vital problem and that numerous
solutions have been developed. What
the future holds is hard to predict —
already it has been demonstrated that
an airbome laser ground-profiler can
see down many fathoms to, in fact,
profile the sea-floor. Coupled with the
scanner principle the elements-of a

rapid sea-floor mapping method
appear.
Laser light-houses all round the

coasts may have modulated beam
information giving a ship's master his
position to within centimetres when
he views the light-house with special
binoculars. The revolution in
equipment size and reduced cost that
integrated  circuit technology has
brought to bear will undoubtedly alter
the scene as yet another
special-purpose LS| chip is developed.
One thing certain is that we will soon
see ships travelling as remote
unmanned slaves to a master vessel.
Later we should see the advent of
unmanned ships navigating themselves
across the globe. Just when these ideas
become economically viable is the
question. Qur technology can cope
already — the great cost of high
reliability and the attitudes of labour
organisations are our cufrent
limitations. L]
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A TREMENDOUS OFFER OF
QUALITY STEEL UNITS AT
BARGAIN PRICE.

F26-—-06

A 6 drawer metal cabinet with poly-
styrene drawers, each drawer front
filied with twin label holders for
indexing and easy identification. This
flexible filing system accepts a 9
section insert for component storage
giving 54 compartments measuring
75 x t03 x 26mm.

CABINTT SIZE

{2tam high x 37.1cm deep

28.7cm wida)

PRICE OF CABINET
(excluding insert trays)

9 compartment inserts are 56p
each incl. p and p and VAT.

F26—06 and F55—03 Insert trays
can be purchased separately minimum
guantity of 6 each.

F55—03

This unit offers facility for 45 com-
ponent storage compartments meas-
uring 72 x 57 x 55mm,

PRICE OF CABINET
{excluding insert trays)

15 compartment inserts are
80p each incl. p and p and
VAT,

DELIVERY: Please allow M £8 A48
approximately 14 days. d

PLANETRON SYSTEMS
Dept. 24
76 CASTLE STREET,
FARNHAM, SURREY.

{(MAIL ORDER ONLY)




ambridge kit, |

Was £27-45.
Nowonly £14-95!

(INC VAT)-

You save £12-50!

An advanced 4-function Features of the Sinclair
calculatorinkit form Cambridge
- The Cambridge kit is ¥ Uniquely handy package.
the world’slargest- e 43" x2" x 33", weight 35 oz.
selling calculator kit. IW#’;‘,WW” ¥-Standard keyboard. All you
It's notsurprising — no other ,///3?22?%4%/ 2 need for complex calculations.
calculator matches the A% ; Y-Clear-last-entry feature. A
Sinclair Cambridge in A ; %I;Llnlly;)ﬂqat'ing_decimal point.
functional value for money ; v = +Algebraiciogic. :
and buying in kit form, yo: : % Four operators (+, —. x, =),
make a substantial saving. / with constant on all four.
XConstant acts as last entry

Now, simplified manufacture ! in acalculation.

and continuing demand mean i 4\ ¥ Constant and algebraic
we can reduce even the kit price : logiccombinetoactasa

by a handsome £12-50. For limited memory, allowing
under £15 you getthe power : ; complex calculationsona
itro‘Zigﬂzgg{nrglﬁ:bﬁ:lcuIatlons R ~,//'/,-,' calculator costing less

DAk : V7, 4 ?7//%1'-— 7 than £15.
package — plus the interest 7 \ 7 %Calculates to8
_and entertelalnment of building ‘/% S significant digits.
ityourself! : /// / T\ % Clear, bright 8-digit
Truly pocket-sized ‘_ 8 display.
With allits calculating capability, \7 A g &% Operates for weekson
the Cambridge still measures just s TV , four U16-type batteries 8§
41" x2" x 11" Thatmeansyou can % / :
carry the Cambridge wherever you
go withoutinconvenience — it fits in
your pocket with barely a bulge. it
runs on ordinary U16-type batteries
which-give weeks of normal use
before replacement.

Easy to assemble

All parts are supplied —~all y6u need

provide is a soldering iron and a pair of
“cutters. Complete step-by-step instructions are
provided,-and our service department will back
you throughout if you’ve any queries or problems

Total cost? Just£14-95!

The Sinclair Cambridge kit issupplied to you
direct from the manufacturer. Ready assembled,
it costs £21-95 —so you're saving £7 | Of course
we'll be happy to supply you with one ready-
-assembled if you prefer —it’s still far and away
.the best calculator value on the market.
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A compete kit!

The kit comes to you packagedin a
heavy-duty polystyrene container. it
contains all you need to assemble
your Sinclair Cambridge.
Assembly time is about 3 hours.
Contents:

1. Coil.

2. Large-scale integrated circuit.

3. Interface chip.

4. Thick-film resistor pack.

5. Case mouldings, with buttons,
window and light-up display in
position.

6. Printed circuit board.

7. Keyboard panel.

8. Electronic components pack
(diodes, resistors, capacitors,
transistor).

9. Battery clips and on/off
switch.

10. Soft wallet.

This valuable book —free! Why only Sinclair can make you this offer

If you just use your Sinclair Cambridge for Thereason's simple : only Sinclair— Europe’s largest electronic calculator
routine arithmetic —ft°f5h°PP‘"9- \ manufacturer— have the necessary combination of skills and scale.
conversions, percentages, accounting, = 5 & : et # 2
1allying, and g, &1 —th%n you'll get m%re Sinclair Radionics are the makers of the Executive — the smallest electronic
than your money’'s worth. calculator in the world. In spite of being one of the more expensive of the small

] 1 calculators, it was arunaway best-seller. The experience gained on the Executive
Butif you want to get even more out of it, has enabled us to design and produce the Cambridge at this remarkably low price.
you can go one step further and learn

how to unlock the full potential of this

Butthat initself wouldn’t be enough. Sinclairalso have a very long experience of
producing and marketing electronic kits. You may have used one, and you've
almost certainly heard of them —the Sinclair Project 80 stereo modtules.

It seemed only logical to combine the knowledge of do-it-yourself kits with the

piece of electranic technology.

‘ = - knowledge of small calculatortechnology.
s | o And you benefit!
el | e Eotd ey : 5
T s ) g Take advantage of this money-back, no-risks offer today
e @}‘{’cﬂ* e The Sinclair Cambridge is fully guaranteed. Return your kit within 10 days, and
“.3,-3,3: | D%';?@@ \;,:_,;; we'll refund your money without question. All parts are tested and checked hefore
et pere il A e despatch —and we guarantee a correctly-assembled calculator for one year.
P;""—f,-?ﬁ ] FJ@FGL fc_‘-:::;“ Simply fill in the preferential order form below and slipitin the post today.
T - fees sttty . v -
B S5 Price in kit form: £13:59 4+ £1:36 VAT. (Total: £14-95)
Caet T
e =t

Price fully built: £19-95 + £2-00 VAT. (Total: £21-95)

o L = .
LW e e ——————---—_-—-_1

R

How ? It's all explained in this unique
booklet, written by a leading calculator
design consultant. In its fact-packed 32

To: Sinclair Radionics Ltd, London Road,
St lves, Huntingdonshire, PE17 4HJ

Name ;i
pages it explains, step by step, howyou l Please send me
can use the Sinclair Cambridge to carry "] a Sinclair Cambridge Calculator kit at
out complexcalculations.

£13-59 -i- £1-36 VAT (Total : £14-95} T et
I [ ]a Sinclair Cambridge calculator ready

d
built at £19-95 + £2.00 VAT Address 3 I

(Total: £21-95)
*{ enclose cheque for £ . made - —

- . u ] L out to Singlair Radionics Lid, and

—1 gy el — || Y B st -
*Pplease debit my *Barclaycard;Access

Sinclair Radionics Ltd, London Road. I account. Account number

Stlves, Huntingdonshire

Reg. no : 699483 England *Delete as required. ET1/9/74. PLEASE PRINT
VAT Reg.no:213 8170 88

.
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IGNITION
TIMING LIGHT

kA CAR'S performance and fuel
consumption  is  affected  quite
drastically by the condition of the
ignition system and upon correct
ignition timing.

Beéfore the advent of high
performance engines and high octane
fuel, ignition timing could be
optimized by adjusting it untij

%

‘pinking’ could just be heard under
heavy load at low speed in top gear.
But these days have long since gone.
in fact if an engine, running on high
octane fuel, can be heard ‘pinking’
then it is grossly over-advanced and
bearing damage will be caused.

Despite this there are still garage
mechanics who blithely set ignition

The completed electronics of the timing light. Note that diode 03 is mounted on the rear
of the switch assembly and C6 on the rear of the refiector. A
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< The ignition timing light complete with
battery leads and spark-lead transducer,

Obtain maximum performance
and economy from your car.

-timing ‘by ear’.

There is only one way to set ignition
timing accurately. That is with a
timing light specifically designed for
that purpose.

Timing lights in common use range
from a simple neon to the comoblex
units used by auto electricians.

Neon timing lights are barely
acceptable. Their light output is
necessarily " limited — to the extent
that most have to be used in darkness.
And, due to their low light output,
they become a safety hazard as one
attempts to hold them close to the
timing mark — and to the rapidly
turning fan blades.

Timing lights incorporating a Xenon
flash tube are a much better
proposition. As with neon lights, they
are triggered by the firing of the first
sparking plug in the engine firing
order, but, as their flash energy is
supplied directly from the vehicle
battery they have a much greater. light
output,

The simple unit described in this
project operates in this way:

CONSTRUCTION

The layout and construction of the
timing light will vary depending on the
housing.

We purchased a cheap torch which
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ov +12V

D1
1N4001

Q1Q2 2N3055

TABLE 1. Transformer Winding Details

WINDING TURNS GAUGE NOTES
Primary 1 25 24 s.w.g. L 2
Primary 2 25 24 s.w.g. Eililagviouid
Feedback 18 30 s.w.g.

0.01" insulation between primary

and secondary windings.
Secondary: 350 30 s.w.g.

For those readers wishing to use a ready-made transformer specifically
designed for this project, ETI have made arrangements with R.C.S.
Products Ltd, 31 Oliver Road, London E,17 for the supply of these at
£2.37 including VAT and postage.

TABLE 2. Transformer Winding Details
Wound on Ferrite Ring, 1 inside diameter {Mullard FX1588 or simi-
lar). 20 turns of the inner of screened audio cable. Details in text and
photo.

Arrangements have been made with lHenry’s Radio {Disco), 303
_ Edgware Road, London W.2{for the supply of the Xenon flash tube

A (ZFT-82) together with the Fri Transformer F2-for the reduced
- price for ET| readers of £4.84 including VAT and postage, The ZFT-
~ BZ isslightly different to that shown in the photographs but the mount-

Jng method described still applies,
: Cae

Xwe ()33 oF Seod

SPECIFICATION

- 0.2 joule
>50/sec {6000 rpm)
current transformer on
No 1 spark lead.
10-14 volts dc

Energy per flash
Maximum ftash rate
Trigger method

Input voltage

=

- charges C5 via RS, BT 4
- The pickup coil T3, which is fitted -
 over number one spark-plug lead,

5W 8.5047111: 500V |
2 ; T
RS
gNiOSé 390k
SCR1 a
‘ R3 ciosn1 W T2
| D2 1.5k AL 97-1:
1NA00T l @
L ¢ D6 o] Rd
ATuF== INg1a 4 DO1LF[ 470
350V T
Circuit diagram of the timing light. T
- HOWIT WORKS ETI310

The flash tube used requires a
supply of 300 to 400 volts. This is

_ obtained by stepping up the vehicle

12 volis supply by means of am
inverter. = o [
Transformer Ti, together with
transistors Q1 ard Q2 form a self

. oscilflatory imverter. The frequency of
_ operation, 2 kHz on 12 volt supplyin

our case, is pumarily determined by
the core mgzleral, the number of
primary tums and the supply voltage.
Protection against reversed supply |
leads is afforded by diode D3.
OGuiput from the secondary of T1 is

_voltage doubled by D4, 5 and C2, 3 |

to provide about 350 volts dc which

]
]

generates a pulse when the spark plug

_ fires and draws curren: through the

lead. This pulse s used fo trigger |
SCRI  intoe  conduction thus .
discharging €S into the * pulse
transformer, The secondary of the
pulse transformer provides a high

- voltage pulse, to the trigger electrode

of the flash tube, causing the gas to

~ ionize. The tube becomes a low -

resistance and C6 discharges through
the tube providing the flash energy. |

- Whilst the flash tube is in 2 virtual

“short drcuit™ condition, curent

- from the iverter is Hmited by

resistor R6. ; %
‘When  capacitor C6 is fully ']
discharged, the tube reverts to 2 high

impedance allowing €6 to be
recharged via R6. The cumrentin RS |
is not sufficient to hold SCR1onand |
it too ceases to conduct. The

- maXimum flash rate is in excess of 50
-+ per second comesponding to 6000 :
| RPM ona four cycle engine.
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IGNITION TIMING LIGHT

How the transducer is made.

takes four HP-2 batteries.

Qur layout and method of
construction can be seen from the
illustration but this can readily be
varied to suit the housing used.

As there are only a few components,

Fig. 2. How the timing lampIs used on a conven-
rional engine.

20

tag strips or veroboard could easily be
used — rather than matrix board.

The inverter power transistors should
be mounted on, but insulated from, a
heatsink made from aluminium sheet
of at least 40 square centimetres area.

Details of the transformer are given
in Table 1. As there are relatively few
turns, this transformer may quite
readily be wound by the home
constructor. Ensure that the polarities
of the primary (26T + 25T} and
feedback (18) windings are as shown
in the circuft diagram - this is import-
ant! See the box on page 19 if you
wish to purchase a ready wound
transformer.

If the unit will not osciilate, (you
will hear a 2 kHz whistle when it is
oscillating) try reversing the feedback
winding.

The secondary voltage is around 350
volts and care should therefore be
taken to insert insulation as specified

PARTS LIST
Ignition Timing Light ETI 310

R1  Resistor 1k 1 watt 5%
R2 Lif 33 5 watt 5%
R3 o 15k Y2 watt 5%
R4 D 470 12 watt 5%
RS v 390k %2 watt 5%
R6 2 15k 5 watt 5%
c1 Capacitor 25UF 25 volt
electrolvtic
c2,3 . 4. 7UfF 350 volt
alectrolytic
c4 il 0,01 polyester
c5 &2 0.047{F400 volt
polyaster
Ccé = 3.3UF 500 volt

electrolytic
Q1,Q2 Translstor 2N3055 with
mounting kit.

D1,2 Diode 1N4001 or simllar
D3 s 3A, 25V silicon
D4,5 o= 1N4002 or similar
D6 3 1N914 or simliar

5CRI SCR C1060D1 or similar

T1 Transformer (see table 1)

T2 Pulse transformer (Henry's
Radio)

T3 Pickup col! {see table 2)

LP1 Fiash tube ZFT-8Z 1
(Henry's Radio}

Reflector box, atuminium heat sink

etc. see text.

in Table 2, between the primary and
secondary windings in the transformer,
and to keep the windings separate on
the matrix board.

The reflector of the torch may be
modified to house the flash lamp in
the foliowing manner.

Remove the existing socket, using a
pair of pliers or cutters, and file the
opening until it is large enough to
accept the flash lamp with about one
millimetre clearance all round.

insert the lamp from the frent and
use modelling clay at the rear of the
reflector to hold the lamp and seal the
opening. Then pour quick-dry epoxy
cement into the reflector until there is
sufficient around the base of the tube
1o secure it in place. Be careful not to
get epoxy elsewhere on the reflector.
When dry, remove the clay and use
more epoxy to fill any recesses in the
rear.

If and when the tube is to be
replaced a hot soldering iron may be
used to destroy the epoxy thus
permitting removal.

The discharge capacitor, C6, should
be mounted on the rear of the
flash-tubefreflector assembly as shown
in the photograph. Note also that we
mounted diode D3 on the rear of the
torch switch assembly.

The transducer is wound on a
toroidal ferrite core, as shown in the
photograph, using screened audio cable:
as follows. Remove about 0.8 metres
of the inner cable from its shield and
wind 20 turns of this around the
ferrite core. Then solder the end of the
inner conductor to the screen thus
creating a complete loop. Finally tape
up the whaole assembly as shown in the
photograph.
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USING THE TIMING LIGHT

To time an engine, first establish the
position and significance of the
ignition timing mark. This information
will be found in the manufacturer’s
handbook.

The timing mark — usually displayed
as an engraved ‘0” or straight ling — is
generally located on the crankshaft
pulley or occasionally on the engine
filywhes!,

On nearly all modern cars the timing
mark js engraved the appropriate
number of crankshaft degrees before
TDC. Certain others have a completa
scale starting at TDC and extending to
40 degrees bafore TDC.

A few vehicles have the mark at
TDC.

Some form of pointer will be found
_ attached to the engine block — or
flywheel housing — to act as a datum
point for the timing mark.

Except where the timing mark
indicates TDC only, ignition timing is
a simple affair.

Firstly clean off any dirt or grease
that might obscure the timing mark,
then connect the timing light power
leads to the vehicle battery and placa
the pick-up transducer over number
one spark plug lead. Now start the
engine,

The light should flash — note that
the transducer produces more stable
flashes with one side facing the enging
block than the other. Establish which

is the best way and mark the
transducer accordingly.
Remove the rubber pipe to the

vacuum advance mechanism {if fitted)

and set engine tick-over to the speed
recommended in the vehicle
handbook. (if you don‘t have a rev
counter set idling speed to lowsst
possible),

Now shine the timing light onto the
timing mark. With the distributor
clamp loosened slightly, stowly rotate
the distributor a few degrees in either
direction.

The timing mark will now appear to
move relative to the datum pointer.
Set the distributor so that the mark
aligns exactly with the pointer and
retighten the clamp once the correct
satting has been obtained.

A very similar method is used for
vehicles where the timing mark is a
calibrated scale. In this case the
manufacturer’s recommended setting

rould be used.

Where the mark indicates TDC only
it is necessary firstly to place a chalk
mark at the appropriate number of
degrees before TDC and to use this as
the timing mark.

A quick check that the automatic
advance and retard is working can be
made by speeding up the engine. If all
is well the timing mark should appear
to move away from the datum pointer
as engine speed increases.

If the timing mark appears to
oscillate to and fro by more than a
degree or so this is an indication that
the timing is actually changing in this
fashion. This is a fault generally caused
by a wern distributor spindle, and/or
sloppy drive to tha distributor offtake.

Remember to re-connect the vacuum
line when timing is completed. )

resin giue.

A typical method P
of marking top dead
centre on the crank-
shaft pufley.
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WARNING

On some cars the fan blades
rotata close to or at 8 multiple
of the crankshaft spesd. Whan
strobed by the timing light, the
fan may apnsar to be stationary
or rotating slowly.

This is common to all strobe
light timers and failure to
ramembar this can result in
serious personal injury, or a
wracked timing light.

ALWAYS —~ kaep waell clear of
the fan.

NEXT MONTH

A more complex version of this
timing light will be described in
ETI in the near future.

This more advanced unit
incorporates a calibrated delay
which indicates on a meter the
actual degreas of ignition

advanca at any engine speed.
This not only allows very

accurate timing to be obtaeined
regardless of the timing mark
form of indication, but enables
the serious motoring enthusiast
to check out the complete
distributor advanea curve.

The more advanced unit uses
all parts specified for this
month's project. Why not build
now and updats later!

< Method of mounting the flash tube in a torch reflector with epoxy
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BYTING

. .. optical data digitjzers enable computers to communicate with
visual scenes. Dr. Sydenham reports on the latest developments.

TECHNOLOGICAL progress is very
much controlled by our ability to
communicate with computers.
Although there is still a long way to go
with the use of computers themselves,
a lot more can be achieved with given
computing power if the data

Astronomical
photo of star-
field.

Microphoto of
biologicsl tissue
cells.

Critical data
needed to define
a face.

A pair of optical
line spactrum.

Microcircuit
connections.

Finger print.

_.Fig.1. Images come from many Sources.

describing the real-world process can
be obtained in a signal form that is
compatible with computers and at a
rate that suits the high-speed
capability of modern machines.

THE NEED TO TAKE BYTES

It is now old hat to converse with the
computer through punched-paper
cards, paper tape and magnetic tape
interfacing. These media are quite
satisfactory for many
applications. . . data input  for
complicated scientific calculations, for
payrolls and accounts, for statistical
calculations and the like. .. for there
it does not really matter if the work is
performed sometime after the event to
which the data pertains.

There are, however, many processes
that need immediate data processing as
the related events occur. If the process
is already instrumented to provide
equivalent electrical signals these can
be fed into a computer . . . used solely
for this one purpose (known as a
dedicated computer) one of the many
commonly used minis or special
purpose units...via the appropriate
interface circuitry. The majority of
transducers outputs occur in analogue
signal form so the need is usually for
analogue-digital converters  that
provide equivalent digital signals ready
for use by the computing machine.
Such a generated sequence of adjacent
binary digits are catled (in computer
jargon) bytes; . several bytes form a
computer ‘word’.

One class of process that constantly
crops up as needing conversion to
digital bytes is the two-dimensional
{and three dimensional but less often)
scene or picture, the latter being a
permanent record of transient scenes.
It is beyond our resources to list the
areas of application 'in detail (see
Fig.1) for they mwust surely run to
thousands. To illustrate the need here
are just a few well-defined uses for

optical data digitizers (ODD’s for
short). .

Astronomy - Astronomical
observers use telescopes to catch

*pictures’ of phenomena in space.

These may be photographs (visible
and other wavelengths) of star fields
for mapping purposes; Spectroscopic
line sets formed by dispersing the
radiation received from a chosen
region; galactic radio signal intensities
transposed into two-dimensional chart
record or CRO pictures.

Once the data is procured in this
form it then needs to be processed to
extract the information sought.

A few decades ago, visual
examination, with the aid of special
purpose measuring machines, was
regarded as the most satisfactory way
to process the pictures, for their rate
of production was relatively slow, In
these times computing ability is such
that machines can consume data at
enormous rates . . . if they can be fed
fast enough. Astronomers operating in
large teams. employ computers in
force, so techniques that produce
bytes from scenes are indeed valuable
provided they have the desired speed
and accuracy  capabilities. An
astronomical group at Cambridge
University is currently developing a
system that can process 10000 000
images a day!

Medicine — even though this
discipline seems far removed from
astronomy, similar basic techniques
are required.

It is not so long ago that the best
way to take a blood count or to
analyse and classify biological cells was
to make a slide for the microscope and
laboriously observe it by eye for
considerable periods.

Today we can do a lot better
although, of course, the cost prevents
everyone from having sophisticated
optical data digitizers that can
characterize criteria of cell count,
shape, colour, fiuorescence and
movement.

Many of the ‘visual’ processes used in
medicine are limited in usefuiness by
the allowable exposure time for the
radiation used.  Overdoses of
radiation, X-rays and ultrasonics will
cause permanent damage, so the length
of time spent obtaining and studying
the picture produced must be kept
short - unless the brightness of the
display can be enhanced by external
means . . . image intensifiers etc.

By storing the two-dimensional
picture in a computer as it is
produced, the exposure time can be
reduced in certain modes of use and
the picture can then be restored at the
will of the diagnostic operator. ODDs
can play a part in this task.

Spectroscopy — when substances are
made gaseous they emit or absorb the
various wavelengths of radiation — to
varying extents. By studying. this
process the composition of the
substance can be broken down into
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the elements forming it...this is
spectroscopy.

Today analysers can be deployed
with on-ine processes; gases from
exhaust stacks that need monitoring;
metals in a refinement process to be
checked; chemicals in production and
air to be tested for purity. The task of
identifying the composition from the
special line ‘code’ is laberious, so
human methods tend to include error.
Furthermore the human eye and brain
system is often not fast enough, nor
accurate enough, for the task. Optical
data digitizers can act as the interface
between the optical spectrometer and
the computer.

Criminology — Spectroscopy and
bio-chemical analysis form the main
part of the modern forensic scientist’s
toolkit but there are many, relatively
new, areas where ODD could become
invaluable.

Finger-print identification is one
such. The usual method is visually to

compare the matching of the many
prints found at the scene of the crime
with those held in the police record
files. This can take a considerable
period and faster methods are being
studied. One method makes use of
direct optical correlation using Fourier
methods, another the use of computer
matching. Every minute that the
criminal is not identified is valuable,
for tracing him becomes more difficult
as time proceeds. Similar arguments
apply forthe matching of photographs
and Identikit buildups. The detection
limits are not set by intrinsic computer
ability but by our ingenuity at
programming and data conversion.
Interpretation of photographs —
Quality photographs contain an
enormous amount of information but
most of it is redundant for normat
purposes. Optical data digitizing
methods enable this to be studied in
an attempt to extract the vital data
relevant to the experiment being

Fig.2. Once the image is digitized it is comparatively easy to process it. (a) the ariginal
portrait. (b) two grey levels only allowed (c) eight grey levels only (d) sixteen grey levels
and alternately contoured black and white.
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performed. The versatility of the
centralised computer on an QDD
system design enables many different
transfer functions to be used. Fig. 2
shows a few treatments of the same
basic portrait photograph.

In bubble-chamber research, high
energy particles under study are made
to form vapour trails in a volume of
gas. These trails are photographed in
plane and stereo for further study.

CERN, in Europe, produces millions
of these bubble-chamber photographs
each year and each one has to be
analysed for track direction,
branching, length, brightness, and
focation in -the wvapour chamber.
Clearly, as with star-plate reading, the
task is laborious and operators are
assisted where finange permits with
automatic ODDs,

Inspection — Any process that uses
human inspection is prone to error for
no one can maintain 100% inspection
accuracy for long. Our biological
optical data transducer is just not up
to it! It is however, an easy task for an
ODD to seek out and detect
disconnects in a micro circuit with
extreme reliability.

Printing — The above examples are
mainly concerned with measurement
problems but here is one closer to
most of us...the composition of
pages in magazines and the like. A
system on sale today, (see Fig.3),
enables the editor to feed characters,
symbols, art shapes, galley copy, and
even illustrations of line or half-tone
form into a mini computer using an
ODD input facility. Once there,
software is used to instruct the output
film-writer to arrange the page as a
complete unit with all words and
pictures balanced within the required
format. In the publishing world it is
common practice to use typewriters
that justify (or stretch) the words to
just fill the line, but pictures must be
photographically doctored to obtain
the size needed for a given space. This
computer based method does away
with  this for the programme
automatically decides the final size of
the rewritten pictures. It can also be
used to remove sections of the picture
and filter out noise to clean it up. The
page produced by the film writer is
directly ready for offset printing thus
eliminating the stage known as pasting
up wherein each page is carefully
composed by sticking the text,
jtlustrations and adverts into the page
format. The film-writer unit offered
can put down 60,000 points each
second so it only takes a matter of
minutes to write out a complete page
once the computer has been fed with
basic data.

Although few such systems are in use
as yet they clearly are turning
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yesterdays fantasy into todays reality.
So much for where ODDs can bé
used: now to a quick look at what the
state of our knowledge tells us about
the workings of the human System.

THE BIOLOGICAL OPTICAL DATA
DIGITIZING PROCESS

In hardware terms, the human eye
consists of an automatic lens system

24

that provides focussing, an automatic
iris to stop down the tight intensity
and a detector matrix on which the

image of the scene is formed
(upsidedown). The system design is
given in Fig.4.

It is hard to know what really goes
on in the brain for there is little to see.
The retina can, however, be looked at
and we know a tot about its operation.

Fig.3. The Pagination page
composition system, marketed by
Optronics, U.S.A.

s = ,‘ J
BUSINESS

NEWSPAPER SPREAD'

It consists of many individual sensor
elements that stand perpendicutar to
the retinal surface. These come as rods
or cones and are shaped as the names
imply. They see radiation colour and
intensity by an electro-chemical
process that produces signals for
transmission to the brain.

The signals generated are
predominantly pulse-trains but this
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N AUTO. EYE
R FOCUS TRANSMISSION NERVES
s - LENS {Parallel working)
-\ : =
SCENE —
o IMAGE ON RETINA PEDICAIED
att: WITH RECEPTOR COMESION
AUTOMATIC NERVES
DIAPHRAGM PROCESSED
{(IRIS) FEEDBACK

Fig.4. Schematic diagram of human data digitizing system.

simple concept might be misleading,
for the signals are really quite
complex. There are about 20 000 000
receptor nerves in the Human retina
and these paralleled channels feed to
thie brain via some 2 000 000 outgoing

nerves. (How's that for parallel
working!)
Other ‘facts’ (but much is still

conjecturé) about the human ODD
system is that 1% of the 10'© neurons
(the brains digital storage elements)
are dedicated tO seeing processes and
that 60% more help on a time-sharing
basis. It has been estimated by one
person that the eye can transmit
information to the brain at 4 000 000
bits per second. (There are several bits
in -a byte). Another research worker
estimates the figure to be
1 000 000 000 bits per second if the
ilhimination ievel is high. To give some
idea of what these figures mean, this is
more data than is contained in a t.v.
picture buif less than in a cinema
screen frame.

Colours are differentiated by the
cone detectors which are found mainly
in the centre of the retina. Retinal
acuity is greatest in the centre.

Looked at this way the humanr ODD
is rathér fantastic but for all of its
apparent power it is not reliable
enough for many of our desired tasks
and lacks acuity. The best it can do
unaided is about. 0,5 minutes of arc
resolution.

OPTICAL VERSUS
MECHANICAL METHODS

Classification of optical digitizifg
systems can be made on rmany
different criteria. For instance, thev
can be divided into those that view
images in free space and those that
lock at permanent images on some
form of media. . . photographs, films
and chart plots.

In each, there is always a need to
provide the two=dimensional
information as a serial signal. {Systems
do exist that read out the data in
parallel channels but they are still in
their infancy compared with serial
miethods). The human ODD operates
in parallel. Most of our own devised

techniques, however, read out the data
bit by bit in sequence, using some
form of repetitive scanning motion,

This scanning process largely controls
the capability of the now many
different means of digitizing images.
Each has its merits and disadvantages
and no one method is superior in all
ways to the others.

MECHANICAL METHODS
OF SCANNING

In all methods an image of the scene
is formed by an optical system. This
scales the scene to the appropriate size
ready for scanning. This stage may, or
may not, be incorporated in the
scanner unit; it depends on the

TO PROCESSOR

S

RADIATION
INTENSITY
DETECTOR

/-

LENS s
~ _ OSCILLATING OR ROTATING
= MIRROR SCANS ONE AXIS,

SIMILAR MIRROR SCANS

-~

{A) ROTATING MIRROR SCANNER

OTHER WAY.

DRUM CONTAINING
NEGATIVE

SOURCE

LINEAR MOVEMENT

FOR SECOND AXIS
OF 5CAN
DETECTOR

{B) ROTATING DRUM SCANNER

Fig. 5. Basi¢ méchanical scanning arrangements.

ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1974

UNIFORM LIGHT

{C) RECTANGULAR
£LAT BED
SCANNER 4

NERVES

application: A very small part of the
total image is then sampled with a
sensitive radiation detector;
photomultiplier tubes, silicon
photocells, phototransistors and many
options exist. The thing to note is that
these detectors can sense the
amplitude of radiation but cannot give
information about its spatial quaiities.
To cover a two-dimensional scene the
detector is made to move relative to
the image, with some form of scanning
arrangement such as those illustrated
in Fig. 5.

The scanner can have many forms. |t
may use a combination of two mirrors
or mirrored drums that nod or rotate
continuously  (Fig. 5a), another

SCAN RASTER
ACROSS SCENE

LIGHT SOURCE
FIXED ABOVE
NEGATIVE

—

TWO LINEAR
MOTIONS OF
TABLE

®
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BYTING
THE SCENE

method uses straight X-Y translations
(Fig. 5c}, this is called the flat-bed
processor.

One early method uses a spiral
scanning motion and similar to this is
the, now historic, Nipkow disk scanner
used in earty television developments.
As the Nipkow disk rotated (at around
8000 rpm) the scene to be scanned
was viewed by a photocell through a
series of mipute holes drilled through
the disk in the shape of a spiral. As the
disk moved around, the scene was
progressively sampled by the holes
each one being a little higher than the
previous one. At the end of each scan
the next scan repeated the process.
There were considerabie difficulties of
technology in their design for the data
rate needed for the (then} smallest
holes possible required the disk to run
at a speed close to flying apart . . . the
viscous drag alone produced significant
heating of the disk so it was contained
in an evacuated enclosure that also
acted as an explosion shieid, |t was far
from the portable t.v. cameras of
today!

Mechanical systems now can provide
high raster scan speeds, wide dynamic
intensity range cover and, above all,
the ultimate in positional accuracy.
They are, in principle, highly accurate

controlled  movement  inspection
machines combined with a
microdensitometer and computer
backing.

In the commercial drum scanner
shown in Fig. 6 the film negative is
positioned on the drum. It then
rotates past the optics which consists
of highly uniform and stable light
source located inside the drum and an
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Fig.6. Rotating drum
scanner.

outside photodetector that sees a tiny
section of the film through the optical
objective (seen in the middle lower
part of the unit).

The signal is then converted to 256
levels of greyness and finally digitized
ready for display, recording or
computer interfacing. After each
complete revolution of the drum the
cross-slide is incremented across by
one scan resolution width. in this way
the second dimension of the picture is
recorded. Signals are synchronised by
a shaft-angle encoder that is driven
from the scanner-drum shaft. Such
systems can resolve 10 micrometre
dots, sampling at 60000 points per
second.

Flat bed units, {Fig. 7 shows a
micro-densitometer that can be
coupled to a mini-computer] also
move the image past the optics. These
generally are capable of finer
detail .. .a spot size of 300 nm is
guoted in one manufacturer’s sales
literature . . . and can resolve greyness

Fig.7. This Joyce-
Loebel scanning
microdensitometer
is of flat-hed design.

to 1024 levels at rates of 1000 points
per second. The most recent designs
incorporate laser interferometers for
positional coniroi and measurement, |t
is probably clear that the sensitivity
largely depends upon the detector
used, but in general if integrational
methods are used to enhance the
radiation sensitivity there must be a
corresponding loss of time-response.

ELECTRO OPTICAL METHODS
OF SCANNING

The general feeling is that a system
devoid of moving mechanical parts is
superior in the long run, for less faults
can develop. There are a number of
devices that can scan an image using
electro-optical technigques but in
general these are unable to match the
accuracy of mechanical counterparts.
On the other hand they are smaller,
lighter, more robust and have greater
flexibility of use.

Figure 8 shows the schematic block
diagram of a typical optical data
digitizer ‘that uses electro-optical
principles. The input image impinges
on the faceplate of a sensor. The
illumination level on the target of the
sensor is read off with electronic
methods, point by point, as a
continuous scan process. The intensity
function detector provides a signal to
the encoder that converts it into the
appropriate computer-compatible
digital signal, binary in the case shown.
The computer, in this system, has the
ability to drive the scanner deflection
system in any way that is desired. For
example, if the computer decided
there is a particular part of the image
that needs more carful attention it can
cause the scan to cover that area only,
ignoring the rest of the image.
Packaged, the unit couldn’t look more
like a theoretical black box — Fig. 9!

Way back in the sixties, there was
considerable general interest in
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television trackers for tracking missiles
in flight. The operator viewed the
scene in real-time watching for targets.
Once a target was identified on his
monitor he placed what are called
gates around the missile. These were,
in fact, signals that told the computer
to recognise the image contained in a
small area of the total area and hold
the anti-missile onto this target and no
other. These are still current in
military warfare but now they can
handle many targets at once
remembering which are ‘friend” and
which are ‘foe’. Figure 10 shows a

recently ‘released’ unit.

A number of sensors can be used, the
most common being based on the
vidicon principle. In these the target
acquires charge in proportion to the
light intensity falling on it. The charge
magnitude at each point on the target
is read out by monitoring the beam
current of an electron beam generated
by an electron gun, The beam is
deflected by electrostatic or
electromagnetic fields to scan across
the image charge-pattern in the
required manner.

The choice of sensor depends upon
the image needs . . . is it transient and,
therefore, reguires high speed data
capability, or is it very low in intensity
such as for seeing in the night, or, does
the system need maximum available
spatial resolution? The outcome will
be a compromise. Image dissector
sensors can resolve to 2048 by 2048
elements, addressing a small step in 2
micro-seconds and seeing light levels of
5-50 footcandles. Silicon vidicons, (a
vidicon with enhanced sensitivity) can
see down to 3 10° foot candle
seconds (the sensitivity depends on the
integration time wused) and the
silicon-intensified vidicons can go
three orders of magnitude better than
this. Generally, however, the more
sensitive the tube the more likely the
chance of damaging the target with
ambient light.

In all cases the best accuracy of
electro-optic scanners is around 2%,
with repeatability a little better, so it is
clear that these do not compete with
mechanical ODDs where the best can
provide only 0.0001% error. On the
other hand random access can be made
in the electro-optical methods in about
50 microseconds; the inertia of the
necessarily rigid slideways and drums
of mechanical scanners does not allow
$peeds such as this to be obtained.

No doubt you can see numerous uses
for optical data digitizers and it is not
hard to see that they will be used more
and more as time goes by. Our
computing capability is advancing at
least as fast as our inputing capability
50 there will be no slackening in
demand for cheaper, faster, lighter and
more robust ODDs.

BASIC O0.D.D. BLOCK DIAGRAM

INTENSITY
FUNCTION
DETECTOR

INTENSITY

BINARY

FUNGTION [—=— |(x.y.}TO

ENCODER

]

COMPUTER

2 MAGE
!F’
._I

B

BINARY
= (x.y) FROM
COMPUTER

Fig.8. Basic optical data digitizer block diagram,

Fig.9. Electro-optical data
digitizers contain no moving parts.
This unit is intended for use with
the mini-computer it is sitting on.

Fig.10. This optical sensor and
tracking unit (by ‘dba systems’)

/s used at the white Sands

Missile Range in New Mexico. It
empioys a high-speed video TV
sensor that is controlled by a mini-
computer.
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ELECTRONIC COMPONENTS FOR THE
WIDEST POSSIBLE RANGE OF APPLICATIONS

EVERYTHING BRAND NEW AND TO SPEC  GOOD DISCOUNTS * FREE POSTAGE (U.K.)

ELECTROVALUE “SPECIALS”

of ! slactrenic

rangs
compnnnmx wh-ch wa stock are

FERRITE COMPONENTS
Pot corek in a wide range of useful sizes:
Double Aperure Cores:

Ring Cores

TRANSISTORS

Very wide range of types is shown togethar with grouped
and tabulsted * specifications _for sach one. Outlines are
illustrated, and thers is a full range of supoorting hardware.
Also near-squivalent tabies are given.

1.C.a |
Here 100 8 widé ra of TTL types ara shown. |:gaxhar with
lineer and special purpase Typas. Gver 60 circuit and connection

diagrams as well a3 much other useful irformation is included.

MINITRON DIGITAL INDICATORS
3015F Seven ment fil with

logic modules. 0-9 and decimal point; 9mm characters
16 lead DIL. [a)
Suitable BCD decoder driver 7447 £11
3015G showing + or — & T & dec. pt. £1

8035'

|

CAPACITORS
POLYESTER C.280

Radul .'uds for P.C-B. mounting. Waorking voftage 250V d.¢.
001, D015, 0.033, 0,033, 0.047 »
0-068. u- 015 2. dp
022. bp; 033, 7p: 0-47, 8p: $-68. 11p: 1-0. 14p; 15 21p:
22.24p

TANTALUM BEAD

C1.022, 047, 1-0 MF/35V, 1.5/30V en 14p
2-2/18V. 2-2/35V. 4—7]‘IEV 10/6-3v ¢a. 149
4.7/35V_10/16V. 22/86 - ea,
10/25V, 22/18V. 47/8. 3V 100/3V. 6-8/25V. 15/25V aa. 20p

POLYCARBONATE
Type 832540 Working Voltsge— 250V
Values in mF: 0-0047: 0.0068: 000&2 01 0012-

1
0018; 0-022: 0.027; 0:033: 0-039: 0-047: 0056: O-DBS
0.082:0-1 20. 4p

Worbng voltage 100V d

0.1:0.12:0.15 p0185 022 8p
©277p;0.338p;0.39:0.4 Sp
0.56 12p:0.68 13p

SILVERED MICA

Working vm‘rage 500V d.c.

V-Iusa m pFs—2-2 to 820 in 32 ttnwe

1006”1505 75: 1800 8p: 2300 10p: 2700. 3600 129,
4700, 5ooo1sp 6800 20p: 8200, 0,000 28p

CERAMIC DISC
1000p£/500. 2000/600. 5000/600. 0-01mF/50; 0-02mF/50,
O 1mF3—each 2p: 0-05mMF/50V—3p

CERAMIC PLATE
in a range of 26 values from 22 to GSDOpF/SUV dc..
each 2p

POTENTIOMETERS

ROTARY, CARBON TRACK. Double wipers for good
contact and fang working e
P.20 SINGLE lincar 1000hmst 22meqohms ea 14p
P.20 SINGLE log. 4-7Kahms 10 2-2megohms. 8a_14p
JP_20 DUAL GANG lin. 4-7Kohms 10 2-2megohms  ea. 48p
JP.20 OUAL GANG log 4-7Kohms to 2-2megohims 83. 48p
JP_20 DUAL GANG Log/antilog 10K, 22K, 47K. 1 megohm
e

JP., 20 OUAL GANG antilog 10K onty

2A DP mains switch for any of above 14p exira.

Dacades of 10, 22 and 47 only availabla in ranges above.

gkpnlulon Carbon  Presats Type PR. horzomst or wertical
sach.

SLIOER

Linear or log. 4-7K to 1 meg. in all populss nlues ea, 30p
Escutchenn plates. black winte of I-ghls ea 10p
Conuol knabs. bikAwhtred/yel/grnybiue/dk_ grey/it groy  ea. 7p

JACKS AND PLUGS
SOCKETS

2 circuit unswitched S1/5S
2 circuit 2 break contacts S1/B8
3 aircuit unswitched {Not GPO) S3/SSS
g circuit Mhr? b;|eak contacts gaéﬂ!:/ e
circuit with chroms nut and black/whit graen
ungwitched S5/5S o
with 2 break contacts S5/BB
Miniature 3.5mm 2 cireuit. (black) 2 bresk contacts S6/8B

358

PrE

PLUGS

2 circuit screened top sntry P Y

side eniry SEP1

Line sockat mono 231

Line socket steree 244

3 circuit unscresned. black/gray/white P4

2 circuit, unscresned. black/white/red/Black/green/grey P2
3 cauit screen top entry P3

side patry SEP3

Miniature 3.5mm 2 circuil screensd PS5

Mimature 3-5mm 2 circuit unscreened various colours PS

FeEEEREREY

INSUI.ATED SCREW TERMINALS
ypropylena. with  nicksl pists an brass.
W‘nh msulaling aat. waiur- tog and m EMSGV

%71 13 arey/white. aa. m

_PIN CONNECTORS Prryes £ o
3 way sudio s Socket 1 Plag 12p
5 way sudio 180° Socket 12 Plug 15p
& wary acuclio 240° Socket 12p Plug 13p
8 wry mudia Sooket 13 Plug 18p
RESISTORS

Cade Weus Obmns Twd 701088 100 up
(see note below}

C 1/3 47470k 13 11 09 nent
c 12 47-10M 13 11 09 nett
c 34 4. 7-10M 16 1-2 087 nett
c 1 4.7-10M 32 2-5 1.92 nett
MO 172 4 a3 2.3 nett
wwo1 0:22-380 11 1o 8 nett
wwW 3 1-10K 3 8 8 nett
ww 7 1-10K 1 10 8 nett

Codes

C — carbon film. high stabiily. low noize.

MO - matal oxde. Electrosil TRS. ull.ra law noise.
WW = me wvuna Pieasy.

Valuas: All E12 u:cam C I W. and MO JW.
E12: 10. 12 15, 25 33 9. 47 56. 68. 82
andtheirdecadei

E24: as E12 plus 11, 13. 16. 20, 24,30, 36, 43. 51,
62,75, 91 and their decades.

SRS
5% except WW 10% +0-050 beiow 100 and MO W 2%.

are in pence for quantitios d
ohmic vaiua and powser rating. NOT mixed values.
{ignora torel valua of

fractions
r.-nnrnrd-n)mhr1£q:mmuilmmiy

ZENER DIODES

Full range E24 vslies: 400mW: 2-7V to 36V. 14p each;
TW: 8-8V 10 B2V, 21p each: 1-5W: 4-7V 1o 75V, 87p each.
20W 7-5V 10 75V 940 CQlip to increasa 1:5W rating to 3 watts
{type 266F), Sp.

20W 7-BV to 75V ®@p each

VEROBOAHD

Copper_clad 0-1 matix—2-5 x375ms329 3.75 x 375
ins.—35P. 2-5 X 5ins.—35p: 375 X 5 ins, —39p. Copper
cipd 0-15 in, matrix 2-5 X 3-75ins —24p; 3-75 X 3-75ins..
35p.2.5 x 5ins.—35p: 375 X 5 jns.—

Varo 3pot face cutter {any matrix) 53p

ovopmuo.m matrix} par 1003,

0-052 pina {for 0-15 matrix) per 100—3!

CATALOGUE 7

SECOND PRINTING (green & yeliow
cover)

112 pages. thousands of items, illustra-
tions, diagrams., much useful technical
information. The 2nd printing of this cata-
logue has been updated as much as possible
on prices. It still costs only 25p post free
and still includes a refund voucher for 25p
for spending when ordering goods list
value £6 or more.

CDVERS & HEATSINKS

types inc!
I{“E’A‘l“;’l‘gﬂ“w clip-on e
ype 6WI Extruded slummium 1° W, undrilled 80p
dl’ﬂledz X TO3 78p
KNOBS

All for 3° shatis in a very wide range of types from utilitarian
to modern sokd afluminum

S-DEC

Unsurpassed “for “'breachoard work” can be used indefinitely
without deterioration. Companents just push Tnto plug holas
andconnect automatically. Siat forcontrolpanel. 70holes  £1-98
T-DEC

For more advanced work with 208 contacts in 38 rows. Will take
one 16 lead catrier. £3-63. |Carriers supplied seperately.)

DESOLDER 8RAID

6t atri [

25 mitr.reel £7.58
ELECTROLYTIC CAPACITORS
' v eav 1oV 16V 25v 40V sav 100V
047 — - 1p  8p
10 T T TR S e Ty
22 = = = = TkH=" [0 ™
a7 — — — %Yip — 8p Sp Bp
10 — — — — 8 8 8 Bp
22 > — B — 9 Bp Sp 10p
47 8p — 99 Bp B X 10p 13p
100 S Bp Bp Bp 9p 10p 12p 19
220 Bp 8p 9 10p 10p 11p 17p 28p
470 Sp 10p 10p Yip 13p 17p 24p 45p
1.000 11p 13p 13p 17p 20p 28p 41p —
2200 1Sp 18p 23p 28p 37p 41p — —
4,700 26p 30p SBp == — ) —
1070000 42 5B B ——Seea =

This is EV Service
GIRO ACCOUNT No. 38/671/4002
DISCOUNTS

Avaiiebie on all items except those shown with NETT
PRICES. 10% on orders from £5 to £14-39. 15X on orders
£15 snd over.

FREE PACKING AND POSTAGE

in U.K. for pre-paid mail orders. For mail orders for £2 lst
value and under thare Is an additional handling charge of 10p.
Overseas orders—eamage charged ar cost.

GUARANTEE OF QUALITY

8re 30l on the urmrsxanumg hat lhw conform
lo and

rejects, " or sub
|s oﬂnrnd for sale.
Prices quoled do not include VAT, for which | 8% must be
added fo tal nett value of order. Every sffan is made to
ensure the comeciness of information and s in this
advertisement al rfme of going to press. Prices subject fo
BiTeration wAthOUL N

APPOINTED DISTRIBUTORS FOR SIEMENS FINE UI.IALITY PRODUCTS

ELECTROVALUE LTD

Every etfort Ts made 0 ensure the corTeciness of information
and prices in this advertisemermt at time of going to press.
All postal communications. mail orders. etc.. 10 Head Office
at Egham sddress. Dept ET12 S.A.E. with enguiries requinng
angwers.

28, ST. JUDES ROAD, ENGLEFIELD GREEN, EGHAM, SURREY TW20 OHB

Telephone Egham 3603, Telex 264476
Shop hours: 3-5.30 daily. 9-1 pm Sats.

NORTHERN BRANCH: 680, Burnage Lane, Burnage; Manchester M19 1NA

Telephone {061} 432 45845
Shep hours: Daily 9—1 and 2--5.30pm,; 9—1pm Sats.

U.S.A. CUSTOMERS are invited to contact ELECTROVALUE AMERICA. P.O. 8ox 27.

Swarthmore PA 18081
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Our January issue contained a short article describing Philip’s

Motional Feedback Loudspeaker.

The article attracted a great deal of reader interest and many
people asked us for further details. Here then is the full story
.on this new concept in loudspeaker design.

Main amplifiers and associated power supply are housed on this swing-out panel at the

mear of the speaker enclosure.
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MOTIONAL
FEEDBACK

-

NEGATIVE FEEDBACK has been
used to reduce distortion in audio
power amplifiers since well before
World War |l.

It functions by feeding back to the
input 2 small sample of the output
signal. The feedback signal is in
opposite sense to the input {180° out
of phase) and hence opposes the input
signal. Thus the overall gain of the
amplifier is reduced substantially.

This loss in ,gain is more than
compensated by three major
advantages obtained by using
feedback.

Firstly negative feedback tends to
make the gain of the amplifier less
dependent on the gains of the
individual transistor stages within the
amplifier, which can, and do change
from device to device and with time.
The bandwidth of the amplifier is also
extended at both the low and high
frequency ends.

Secondly, as the distortion
components are also subject to
feedback, they are reduced in the same
proportion as the amplifier gain. Thus
a power amplifier without feedback
may have a distortion of 3%. With
feedback this may well be reduced to
0.02% or less.

Thirdly, the input impedance is also
increased by the same factor as the
gain is reduced. Thus the operation of
previous stages will be less affected by
loading.

Thus the overall effect of feedback is
to increase input impedance, increase
bandwidth and reduce distortion.
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This is the acceleration transducer — it is
mournted at the apex of the bass driver
sp_eaka’ coné.
Although overall gain is also reduced,
this can readily be compensated for in
the pre-amplifier stages which are
inherently less prone to distortion,

The use of negative feedback is
absolutely essential with present-day
amplifier technology — without it it
would be impossible to reduce
distortion to acceptable levels.

But in a conventional hi-fi system,
negative feedback does not include
within its ‘loop’ the very component
that most needs it.

That is the loudspeaker.

Currently, the loudspeaker is very
much the weak link in the hi-fi
eguipment chain:
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Circuit diagram of complete speaker/
amplifier — lo udspeaker motional feed-
back transducer and associated efectronics.
are shown (arrowed) within dotted Iinés.
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It is by far the most prominent

source of distortion — particularly in
the bass and lower bass regions —

indeed the lowest usable frequency is appear. Not only does it contain bass, The firm

often limited by harmonic distortion mid-range and tweeter but two 40 for

rising to unacceptable levels. watt amplifiers as well! The bass driver speakers/!
This fact has long since been realised is a 203mm (8} unit. Motional 5 5

Although this is a physically small
unit (380 x 286 x 21.6mm) it contains
considerably more than would at first

WILMSLOW AUDIO

by audio engineers — in facta number  feedback is applied to this unit alone | SaKer Sroup 25, 3.8 or 12 obm £ 20

of commercial hi-fi systems using — over the frequency range 35-500 Hz. oansy B.‘;',‘c‘,’,f%a or 115scg‘hm- S

over:ll zega::fe feedbacl; ha(‘i’e been Power for this driver is supplied by a | Saker Regent 8 g§ e silie e

IRl D SS Dl olc scacest tass AB 40 watt {into 4 ohms) | Celestion PSTS (for Unilexy . £ 2.25
Common to all these systems is the Cassa M £ Celestion MH1000 horn 8 or 15

: : : amplifier. - ohm . £10.45

need to obtain an electrical signal Th id d . EMI 13 x 8, 35 or15 ohm. . £ 2.15

proportional to the loudspeaker cone e mid and upper ranges are FEMI13x8 150dic38orls

movement i.e. — the feedback signal. ;%vzred b\1’,,a 127mm (5"} and a | emi 15 8 450 t/tw 3,8 or 15 £ 3' %

. - oh . .
Several ways of doing this have been Amm (17) driver. Both of these |, 200 o0y i isonm . £ a5
ghst units are powered by a second EMI 13 x 8’20 wattbass . . £ 6. g

Early techniques involved sensing the
signal across the voice coil — or taking
the signal from a second winding on
the voice coil. Neither was wholly
satisfactory.

Philips have used a new approach.
They use a small transducer clamped
to the cone of the bass driver itself.

The transducer used is a ceramic
device which produces an electrical
signal that is proportional " to the
acceleration of the cone.

Connected to-the output of this
transducer is a small amplifier stage
which is used to comect minor
frequency non-inearities inherent in
the loudspeaker.

This arrangement — shown in dotted
lines in Fig. 1 ensures a flat frequency

amplifier.

This second amplifier is of similar
design to the bass wunit but is
terminated in 8 ohms so that power
output is limited to 20 watts. Sliding
operation is used for this unit — it
being class A at low levels and class AB
at higher levels. This is dome to
minimize cross-over distortion.

Included within the enclosure is &
complete regulated power supply, all
that is required externally is a
programme source and a pre-amplifier
with an output of one volt or so — and
a mains 50/60 Hz supply.

Clearly what Philips have done is to
concentrate on obtaining improved
performance from a small enclosure
rather than using the new technigue to

EMI 2% tweeter 8 ohm
EMI 8 x 5 10 watl, d/c, roll/s 8

Elac 59RM109 15 ohm
S9RM114 8 ohm .

Elac 6%’ d/cone, roll/s 8 ohm .

Elac TW4 4°f tweater L

Fane Pop 15 watt 12"

Fane Pop 25/2 25 watt 12™

Fane Pop 40 40 watt 10"

Fane Pop 50 watt 12"

Fane Pop 55 60 watt 12%

Fane Pop 60 watt 15" .

Fane Pop 100 watt 18", .

Fane Ciescendo 12A or B, 8 or

S ch

Fane Crescendo 15 8 or'15 ohm

Fane Crescendo 18 8 or 15 ohm

Fane 80;T 8" qa/c, roll/s 8orlb5

Fane 801T 87 d/c roll/s 8 ohm
Googmans 8P 8 or 15 ohm. .
Goodmans 10P 8 or 15 chm
Goodmans 12P 8 or 15 ohm .
Goodmans 12P-D, 8 or 15 ohm
Geodmans 12P-G, 8 or 15 ohm
Goodmarl;\s Audiom 100, 8 or 15
chm :
Goodmans Axent 100, 8 ohm .

4 Goodmans Axiom 40f 8 or 15

ohm
Goodmans Twinaxiom 8" & or 15

moumounhiwen  oahD W b DUNBNEN

o

mhnmmnmhm ™
ooooooUn
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This Philips turntable/
tuner /[pre-amplifier
combination has been
specifically designed to
match the motional feed-
back speaker/amplifier
enclosures.

Richard Allan Super Triple, each £21.
Wharfedale Linton 2 kit. . pair £19.
Wharfedale Glendale 3 kit . pair £34.
Wharfedale Dovedale 3 kit . palr £52.
PRICES INCLUDE VAT,

Cabinets for Hi-Fiand PA., wadding,
vynair etc. Send for free booklet-
""Choosing a Speaker’’. :
| FREE with orders over £7-HiFi Loud-
spaakar enclosures book. i

Al units guarantead new and perfect.

Prompt despatch

3 Cafriage and insurance: Speakers 35p
F each, Kits 75p gach (£1.50 pair)
i Tweeters and crossovers 20p each.

WILMSLOW AUDIO

Dapt ET!
Swan Works, Bank Square, Wilmslow.,
Cheshire SK9 IHF.
Tel. Wilmslow 29538

{Discount Hi-Fi, PA and Radio at 10,
Swan Street, Wilmfloyy!.

R ; : : £ 6.7
response, The junction FET included improve performance per se. Goodmans Twlnaxlom 10" ‘s or
in this circuit is an impedance The results are excellent. Low | o 7ov° O"™ oL
matching device — Zener diode ZD1 frequency performance is very good léei; Eﬁo g g?,g
ensures that the drain-source voltage right down to 40 Hz, and distortion, at Kef B200 £ 7.50
of the FET does not exceed a average sound levels is at least no L ENEE AL
predetermined value. : worse than that normally generated by &g; gmg P g g;g
So far, Philips have used their new much larger enclosures. g.!%,’%%fe”an CG{?\I s.t, o roll/s Eg%g
i H I 1 a A super tweeter
feed_bacl_< techmgue in  just one Basically the end result is the type of Wharfeda,e e 10RS/DD A
application.  This is a small . performance that one would normaily b 701 R A gzg.gg
loudspeaker/amplifier co_mblna'tlon = expect from a big enclosure — but BakerMMajor;Mo:;{ule > Iea'cn gug).gg
i — fline’ H 1 Fane Mode One . eac 5
which tf_1e'y have named the '532 P_hl|.lps new devices are small enough L 2040hm Coach £ 878
Electronic’. to sit on a bookshelf. [ ] Helme XL K25 - . -.palr £18:17
Helme XLK30 . . . .pair £14.95
Helme XLKSO EiRt e A A METE AR S
Kefkit 2 . . . . .each £23.50
KefkltS g . each £34.00
Peerless 3-25 (3 sp system) each £15.00
Richard Allan Twinkit . .each £ 8.25
Richatd Allan Triple 8 . .each £13.00
Richard Allan Triple . .ecach £18.gg
25
50
50
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A SMALL AMPLIFIER is an aimost
indispensable aid to the experimenter
It may be used to amplify, and make

audible, signals from oscillators
operating in the audio range, to trace
signais  through  another audio

amplifier that is faulty, to amplify any
other signal to a reasonable power
ievel for metering or relay operation
etc. etc.

There are at present on the market
many integrated circuit. power
amplifiers providing outputs of from 1
to 3 watts but most of them require
very careful layout of the circuit in
order to prevent instability {an
unstable amplifier may oscillate and be
damaged as a result), Additionally, a
discrete transistor amplifier is far more
educational in that voltages can be
measured in order to gain a better
understanding of its operation.

Hence the ETI 225 amplifier has
been designed using discrete transistors
which beside being much more stable
than integrated designs, is ideally
suited to the needs of the
experimenter.

Transistors 02, Q4 and Qb5 are glued
to a piece of aluminium which acts as
a heatsink (use epoxy resin).
These transistors must be the plastic
types specified. Metal can types
usually have the collector connected
to the case and would be shorted by
the heatsink.

PARTS LIST
AMPLIFIER ETi 225
R11,R12 Resistor 192 %W 5%
R7 2 goll e =
Hs " 1m iy ”
R3 i 2708 =,

° R4R9 2 SOkl
R10 15 1.8k A%
R o 2ok - T
R2,3 o 100k * S
c4 Capacitor 22pF ceramic
C5 2 0.0056uF

polyester
c1 i 0.1uF polyester
c2 = 4. 7UF 16V
electrolytic
€36 i 100uF 10V
electrolytic
c7 & 470uF 10V
2 electrolytic
Q1 Transistor  BC179 or similar
Q23" = BC169 or similar
Q4 v BC328 or similar
Qs5* e BC338 or similar
*  must be TO92 plastic types,
piece of matrix board
piece of aluminium approx. 1" x %"
for heat sink,

The completed amplifier. Note the
aluminium heatsink to which Q2, Q4 and Q5 are
cemented, These trapsistors must be plastic TOS2
types as per parts list.

v
R7
> g
i +=1 ot
22k
. STt > 5% (2 v
Circuit diagram of the BC328
1.5 general purpose B i
amplifier.
'Hl OUTPUT
c7
470uF
v
oV
—0

HOW 1T WORKS ETI 225

This circuit is fairly typical of 2
large number of audio amplifiers.

The main voltage amplifier
transistor Q3 drives the
complementary pair (NPN plus PNP)
Q4 and Q5 which are buffers
providing high current gain but less
than unity voltage gain,

As the bases of Q4 and Q5 are
effectively two base emitter junctions
apart, Q3 is used to set the bias
voltages for these transistors,

Transistor Q1 operates as an error
amplifier which compares the input
voltage and a divided down version of
the output voltage. If there is any

difference it provides a conttol
voltage to Q3 in such a way that the
error is corrected. The output voltage
is divided down by the ratio of (R6 +
R5)/RS and hence the calculated gain
will be 28 although the measured
gain will be slightly less.

The dc bias point of the amplifier is
also set by Q2 and this is unaffected
by RS and it is isolated by means of
C3. To maintain an approximately
constant current in Q3, capaciter C6
is used to keep the voltage across R8
(and hence the cumrent through it)
constant.

Capacitors C4 and CS are used to
provide frequency compensation.

32
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PRINTED CIRCUIT BOARD TRANSFER SYSTEMS
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Acid resistant transfers for direct application to P.C. Board. This is 2
new approach to printed circuit board manufacture, giving 2 professional
finish with all details that an electronics engineer would require,
including all drilling positions automatically marked.

Ideal for single unit boards or small quantities. All at 2 very iow cost—
for example an average 6” x 4” layout would cost less than 30p, and
the time taken under one hour, including etthing te complete.

The system is simple, briefly it consists of 10 sheets of self adhesive
acid resistant transfers made in required shapes—i.e. edge connectors.
lines, pads, dual in line 1.C."s, 8-10-12. T.O.5 Cans, 3-4 lead transistors,
etc., etc.. which only require pressing into the required positions on
the printed circuit board before etching.

The printed circuic transfer system is a genuine offer to the public
and industry. A full money back guarantee Ts sent with each order,
trade prices on application.

List of Prices

Complete system including post and YAT £2-00
Ipdividualis e e ta e e eyt 22p
SPGaTsF NER  on gty 155 oh coon oo i M S s 8 3 22p
Copper laminate (boards) size 6" x 44" 6 sheets........ .. 50p

Printed circuit board PCB transfer systems parent applied for.

E. R. NICHOLLS, 46 LOWFIELD ROAD, STOCKPORT, CHESHIRE
TELEPHONE NUMBER : 061-480-2179

AMBIT MODULES

L]
LINEAR IC's Price TOKOQ COILS and FILTERS Price & KITS Price
LM 380 Audio 2W amplifier 1.00 MFH 41T 4KHz 455KH2z Mechanical Filtér 1.35 FND 70M 4.50
LM 381 Dual Audioc Preamp 1.85 MFH 717 7KHz 455KHz Mechanical Filter 1.35 NBFM Minl 3.00
TBA 8108 Audio 7W amplifier 1,50 CFT 455B 8KHz 455KHz Ceramic Fliter 0.45 NBFM Maxi 4.20
LM 3900 Quad Op-amp (audio) 0.68 CFT 455C 6KH2z 455KHz Ceramic Filter 0.45 MC 1310K 5.10
TBA 120A/ CFU 050D 6KHz 470KHz Ceramic Filter 0.50 LS 8038K 3.70
SN 76660N FM IF and dermoduiator 1.00 CFT a70C 6KHz 470KH2z Ceramic Filter 0.45 LM 380NK_ 2.80
CA 3089E/ CFS 10.7 200KHZz 10.7MHz Ceramic Filter 0.40 LM 380NKT 3.50
TDA 1200 FM IF and demodulator 1.4 CFK 0.7 200¥Hz 10.7MHz Ceramic Filter TTL Clock 5,90
CA 3053 FM IF amptifier 0.52 with high input impedance 0.60 1MHz Xtal 3.00
753 FM gain block’ 0.99 220K 22 choke for use with CA 3089E L5 561 basic kit 5.00
BA 651 AM Radio ¢chip 1.81 KACS K586 HM Quadrature coll for CA 3089 0.30 PW FERRET 92.50
720 AM Radio chip 1.45 TKACS 34342BM Double quadrature coil for pair 8.50
AD 100 AM Radio chip (obsolete) 1.47 TKACS 34343AU CA 3089A (pair required) 0.55 LOGIC IC™s
MC 1310  PLL Sterao Dacoder 280 YXNS 30450 NK _ 2mH Choke for CA 30900  0.30 We can supply the
CA 30900  PLL Stereo decoder 280 BLR 2011 19 and 38KHz notch filter 1.75 full range of 74N
7805UC 3 Terminal 5V Regulator (TO3) 2.05 BLR 2007 19 and 38KHz notch filter 150 TTL to order.
7805KC 3 Terminal 5V Regulator (Plastic) 1.75 YHCS1A 590R 455KHz 1st IF transformer 0.27 Standard stock
E 550A Voltage Regulator 0.80 YHCS1A 589R 455KHz 2nd IF transformer 0.27 items as follows:
723 Voltage Regulator 0.80 YHCS11100AC2 455KHz 3rd |F transformer 0.27 7
710 Comparator 0.55 YHCS pack Set of 3 IF transformers 0.60 Lt 0. 0.18
741CVv  Op-amp 0.40 YXNS6A 140HM LW osclllator loading coll 0.27 72500 8-74
E560B  Phase Lock Loop 3119 YXNS6A 139BA LW atenna ioading coil 0.27 740‘5 .23
NE 561B  .Phase Lock Loop 3.19 YMRS 16726 MW oscillator coil 0.27 745 0--;'
NE 5628  Phase Lock Loop 319 KALS 4520A  10.7 IF transformer 0.30 744‘-;7 s
NE 565A Phase Lock Loop 2.75 146LY 433K 43mH choke 0.27 7473 1.
NE 566V PLL VCO Function Generator  2.55 146LY 512K  5.1mH chok 027 7:9 0-91
NE 567V PLL Tone Decoder 2.75 2A 20ST7 265+265pF Plastic variable cap. 055 L g-gé
NE 5955V Timer/Monostable/Astable 0.78 TRANSISTORS 74121 038
i o/~ UarsTigan tlgggugg'g'torgl 300 BG 183 012 TID 3055 0.60 BF 2S6LB 0.34 55RO 986
LM 1496 Doubled Balenced Modulator _ 1.02 <3704  0.14 TIP 2355 0.33 MEM 619A 038
9582 Preamp for 95HGC (see loglc IC's) 2.50
READY BUILT UNITS Price - —
EF 5603 Toko Varicap Timer 8.50
5;37103 TOKO \l—;M tunetrheadhwlth Agﬁc?:\ag%ags i 3.30 ALL PRICES EXCLUDE VAT
Larsen aricap tunerhead an 585 -
cen;?rt'nlc ﬁlterstwlth At\Fc AGC Mute Fleld strength” =5 PLEASE ADD 8% TO ALL UK ORDERS
¥ and tuning mater outputs.
7265 Larsen Stereo decader (CA 30902) s 1780 CWO PLEASE, P & P 15p,
rontx q unction pocket calculator. =
and 4 decimal places, clear last entry, leading zero FU I-L CATA LOGU E 20p INC POST
SUDDFQSSIOH =

AN oo

(Dept. ETI3) 37 High Street, Brentwood, Essex. Tel: {0277) 216029.
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BI-PRE-PAK

AUDIO BARGAINS

8 TRACK
ONLY £11

Incl. P. & P. and V.A.T:

The latest B.S.R. 8 Track cartridge Replay Deck.
Ready to install in your Hi-Fi Stereo System.
This unit comes complete with Hi Gain Stereo Pre-Amplifier,
4-Programme Indicator Lamps, Track Selector Switch, all
leads and plugs, etc. for 230 volt A. C. mains operation.

RIMISI ] | | g
65 Incl. P. & P.and VAT. il .

ol'lly £]. Order Code |.C.A.1 R
on P.C. Board with all components or {

2 on one board for £2.86.
Order Code I.C.A.1/S. ==

Fi

These amps. are supplied with a free booklet on connecting
up, specifications and easy to build projects using thel.C.A.1.

5W & 10W AMPS

SWony £1.98
10W ony £2.49

incl. P. & P. and V.AT.

These matchbox size amplifiers have an exceptionally good
tone and quality for the price. They are only 2}"x13".
The 5W amp will run from a 12V car battery making it very
suitable for portable voice reinforcement such as public
-functions.

Two amplifiers are ideal for stereo. Complete connection
details and treble, bass, volume and balance controi circuit
diagrams are supplied with each unit. Discounts are avail-
able for quantity orders. More details on request. Cheapest
in the U.K. Buiit and tested.

Now available for 5 &10WAMPS

Pre-assembled printed circuit boards 2”x3" available in
starao only, will fit - 15 edge connector. .

Stereo Pre-Amp 1 (Pre. 1). This unit is for use with low
gain crystal or ceramic pick-up cartridges £1-21.

Stereo Pre-Amp 2 {Pre 2). This unit is for use with mag-
netic pick-ip cartridges £1.69.

Sterao Tone Control (STC). This unit is an active tone
control board and when used with the right potentiometers
will give bass and treble boost and cut. £1.21.

Instruction leafiet suppliad with all units. Post and packing
and V.A.T. included in prices. .

] enclosef’ for

- 8 Tracks/. 3W Amps/ EW Amps
I . Stereo Pre-Amps 1 I

e tETE0 Pre-Amps 2. e D Stereo Tone Controls
I {Pilease insert quantities and te those not applicable.} '
NAME......ccon. : L : :

| ADDRESS
STA Dept. H, 222/224 West Road,
' . )  Westcliff-on-Sea,

Co No. 820919 Essex §80 8DF,

Tel: Southend (0702) 46344. ’
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LETTERS FROM OUR READERS

)
E

HELP WANTED

We are attempting to set up a small (unfunded) museum
and would greatly appreciate .donations of any early radio
or electrical equipment, prior to 1930.

Eventually we hope to display a few receivers spanning
the period, a small transmitter, a range of components -
radio and electrical, service sheets and periodicals, plus a
few books and photographs.

These would enable us to show the student of to-day the
early, and essential, development from magnets to micro-
circuits, while allowing their occasional use as demonstrat-
ion models. All contributions will be acknowledged and
recorded,

C. H. Matthews,

School of Engineering Science;
University of Edinburgh,
King’s Buildings,

Mayfield Road,

Edinburgh EH9 3JL.

READER QUESTIONNAIRE

Your questionnaire was a really good idea, it's good to
know that there is a magazine that wants to give its readers
the best. How about letting the readers know the findings
or is this secret? R. J. Macmiilan, Stoke-on-Trent.

To date we have had well over 2,500 replies, an excellent
response, and we are very grateful to those readers who
filled it in. The proper analysis is such a major job that we
are going to have the replies coded onto punch-cards and
run through a computer.,

-However we have done a preliminary survey of random
batches and as these batches tally extremely closely we do
have some early indications.

Projects, Tech-Tips, Electronics Tomorrow and the
Electronics Features came out as by far the most popular
features with Tech-Tips rated highly by 95% of readers.

In the comments column, the overwhelming message was
that readers wanted more fow-cost projects and this is
already being acted upon — look for a new projects feature
in the next month or two.

One smaller point was that 97% of you keep your ET/
copies for more than three months and we hope to intro-
duce a binder in the near future as a result of this.

READER OFFERS

Your readsr offers have so far been excellent value and |
have baught everyone of them so far but if you can arrange
with companies for these specially low prices for a short
period, why can’t they do this all the time?

S. Jacobs, Dartmouth.

There are a number of reasons why we can arrange these
low prices. The large number of sales which a company
obtains means that prices can be cut well back and the
companies do not have to pay for advertising as ET/ gives
all publicity free. Some of the participants are quite willing
to operate on a no-profit or minimal profit basis, regarding
the resulting publicity as-the reward. We see nothing wrong
with this. So far the offers have been good for the readers,
good for the participating companies and good for ET/
sales.
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TWO GREAT READER OFFERS

The prices of these offers are lower than

those given in the last issue due to

the reduction of VAT from 10% to 8%.

Recently we published a review of Digital Clock Kits as these
are becoming extremely popular.

When we heard of Bywood’'s plans for introducing a new
model in an extremely attractive case, we discussed with them
an offer on this recently introduced kit and this is the result.

The Digitronic Il is based on a custom-designed chip only
recently released. The Digitronic 11 is the kit version of one of
the best selling digital clocks and is housed in an extremely
attractive case (which incidentally has won a Design Award).

The kit is for a 12 or 24 hour clock with a 6-digit readout
working from the 50Hz mains. The 12/24 hour option can be
switched without having to reset.

The display comprises four 0.55" and two 0.33” LED’s with
a pleasing orange coloured readout,

All you need to build it up is a soldering iron, sidecutters
and a mains plug. !f you decide that the kit is too complex you
can return it and obtain a built mode! for an additional £4.40.

ETI/Bywood Digital Clock Offer
181 Ebberns Road,

Hamel Hempstead,

Herts, HP3 9RD.

Please find enclosed my cheque/P.0O. for £27.00 for my
Digitronic 1 Digital Clock Kit. {Cheques etc to be made pay-
able to Bywood Electronics.}

Offer closes September 30th, 1974

This offer is strictly limited to one order per coupon. Readers
may order more than one Digitronic Il Kit but a separate
coupon must be enclosed for each.

@ e = e g

This saving of £4.65 applies to all versions of the Digitronic
& Clock Kit - see Bywoods advemsement for detanls

B
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O3 LED»:
5for £3°25

Five - yes Five - 0.3"” LED Numeric displays for the price you
would normally expect to pay for two. These devices are from a
famo;;s maker (we cannot mention the name due to this lfow
price),

They are common cathode devices with right-hand decimal
point and red display giving maximum brightness with 10mA
per segment but can be used with only SmA.

These devices are not rejects and are ideal for use in
calculators, frequency counters, digital clocks etc but the price
is so low so that they can even be used as on-off indicators for
equipment etc.

They are supplied in 14-pin DIL packages. Each order will
receive a data sheet,

For those who have taken advantage of last month’s CT5001
offer, the modified power supply, segment and digit drivers are
shown below (these replace Figs. 5 and 7 on page 36).

Vss.

VREF
A 505
D b Q1-04, 2M3702, ZNI703 ate.
05, BFRA0 ne.
anEF
Va
ut ...... P e S S
To ET1/Ambit Int, LED Offer
37 High Street,
Brentwood,
Essex, CM14 4RH.
Please find enclosed my cheque/P.O. for £..... for ..... 0.37,

7-Segment LED Numeric Oisplays (Minimum £3.25 for 5,
59p each for additional devices). Cheques etc to be made
payable to Ambit Int. | also enclose a self-addressed, stamped
envelope for the return of my money should the offer be over-
subscribed.

Name .cc.oeeeneeesee. e avedes Moo va kot Su it a2 i eave o SUah Soi w oz /ooh o bl e .

Address . it Sl T L n e = e A e

AP P S PP ST PPN

Offer closes September 30th, 1974

This offer is strictly limited to one ordar per coupon. Readers
may place more than ona order but a separate coupon must be
enclosed for each.
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NEW = LOW PRICED 12 DISPLAY
UNITS. From £48.50. All units comp-
letely eased, transistorised EHT, Standard
mains operation. SAE for all detsils.
&1 WORTH OF ‘UFE". Six Brand New capa-

citors all between 15V and 100V, Total capaci-
tunce not less than 7.000mfd. P. & P. 45p.

CAPACITOR PACK 3 Brand new compe-
Renis ohly $8p. P. & P. 17p.

POTS 10 differen vélues. Brand new. 58p.
P. & F. 170,

COMPONENT PACK consisting of 3 pots
varlous values, 250 resistors 3 and & walt
#tc., many hiph stabs. All brand new. Fine
value at 50p per pack. £. & P. 270,

DELIVERED TO YOUR DOOR 1 cwt ot

Electronic Scrap chaesis, boards, etc. No
eR;Jubblsh. FOR ONLY £358. N. lraland £2
8.

P.C.B. PACK 5 & D. Quantity 2 1q. tt.—no
tiny pieces. 58p plus P. & P. 20p.

FIBRE GLASS as above &1 plus P. & P. 20p.
5 CRYSTALS 70 to 90kHz. Our cholce, 9o,
P. & P. 15p.

TRIMMER PACK, 2 Twin S0/200 ot ;|
2 Twin 100 pt ceramic; 2 min strips with 4 | 993K T meg—0-t% 2Ip ea.; 3-25k, 5:6k, 13k-
preset 5/20 pf on each; 3 alr spaced preset | a.

30100 pf on ceramic base. ALL BRAND
NEW 25p the LOT- P. & P. 10p.

ROTARY SWITCH PACK & Brand New
switches (1 ceramic; 1-4 pole 2 way etc.),
Stn. P. & P. 20p.

FOTENTIOMETERS

COLVERN 3 wait. Brand new, 25; 50k all
at13p ed.

MORGAMITE Speciat Brand new, 2-5; 10;
100; 250; 5006C; 1 in. sealed, 17p ea.

BERCO 2§ Watt. Brand new, 5; 10; 50; 250;
ohms: $; 2°5; 10; 25; 50K at 15p ea. L
STANDARD 2 meg. log pots. Current type
15p =t

INGTRUMENT 3 In. Colveri, 5 ohm 35p ea.;
S0k anid t00K SBp ea.

BOURNS TRIMPOT POTENTIOMETERS.
£0; 50; 100; 200; 500 ohms; 1; 2; 2-5: 6 10;
25K at ¥5p ea. ALL BRAND NEW.
RELIANCE P.C.B. mounting: 270 47;
500 ohms; 10K at 35p ea. ALL BRAND NEW.

ALMA p resistors 200K; 400K; 497K:

015, 2o @

Vast quant.ty of good guality components
—NO PASSING TRADE—3s0 we offer
3 LBS. of ELECTRONIC GOODIES
for £1-54 post paid.

PHOTOCELL squivaient OCP 71, 13p sa.
MULLARD OCPTS 14D each.

BECKMAN 10 TURN DIALS ONLY,
Brand new. £2.25 ea, P & P 10p.

METERS BY SIFAM type M42. 25-026
microamp Scaled 25-0-25 green; 250-0-250
red, linear, As new. £3.50 ea. P & P 37p.

METERS. Ernest Turner. Model 402,
100 microamps. Brand new. Lovely shape,
lousy scale - hence £2.25 ga. P & P 25p,

ELECTROSTATIC VYOLTMETERS from
0-300 Vohs to O-10KV. SAE. with your
requirements.

MODERN TELEPHONES type 705. Two-
tane grey or black. £3.75 ea. Type 7006
two-tone green £3.75 ea. P & P 25p ea.
IDEAL EXTENSION TELEPHONES with
standard GPO type dial, bell and lead
type codifig. £1.75 ea. P & P 25p ea.

12 LONG
PERSISTANCE TUBES
Ideal for SSTV: educational purposes.
Type 12DP7A. Connectlons, voltages &ic.
Brand New Boxed £7-50 each Including

cartiage and WAT.

REPLACEMENT TUBES for Cossor 1035
Mk 1 & 2 and Cossor 1043 Mk 1,2,3 & 4,
Tested and guaranteed, £3.00 ea. P&P 37p,
FIBRE GLASS PRINTEC CIRCUIT
BOARD. Brand new. Single and double
sided. Any size 1p per sq.in, P & P 10p
per order.

6 VOLT 2 AMP
LOGIC (1.C's) POWER
SUFPLY

Standard Mains In- for
put. £2.75 each.
P& P.25p. P& P 25

MAKE YOUR SINGLE BEAM SCOPE INTO
A DOUBLE WITH OUR NEW LOW PRIC-
ED SOLID STATE SWITCH. L
2 Hz to 8 MHZ. Hook up a 9 volt battery and
connact to your scope and have two traces
ONLY £5.50. P & P, 25p. STiLL
AVAILABLE our 20MHZ version at £9.25
P-

20HZ to 200KHZ .
SINE AND SQUARE WAVE GENERATOR

In four ranges. Wlen bridge osciliator thermistor stablised. Separate
Independent sine and square wave amplitude controls. 3V max sine.
6V max square outputs, Completely assembied P.C. Board, ready to
use, 9 to 12V supply required, £7.85 each, P & P 25p, Sine Wave

only £5.85 each. P & P 25p,

TRANSISTOR INVERTER

12V to 1.5 KV 2 MA. S1ze 12 x 2V x 4in. Multi tapp-
ed secondary and output tevel ¢control makes
farge range of vaitage and current output combinations
without modification. Very flexible unit at £2.95
feach P & P. 25p.

ossibie

NEW WIDE RANGE WOBBULATOR

5 MHZ to 150 MHZ {Useful harmonlics up to 1.5 GMZ) up to 15 MHZ sweep wid-
th. Onty 3 controls, preset RF level, sweep width and frequency. |deal for 10.7 or
TV IF alignment, ﬂrters, recelvers. Can be used with any general purpose scope.
£uil instructions supplied. Connect 6.3V AC and use within minutes of recelving.
All this for only £5.75 P & P 25p.

Always available range of:- Oscilloscopas,

- signal generators; valve voitmetars; EHT Power units; EBT capacitors; EHT transformers; etc.etc.

N
(s

—

Unless stated—please add £1.50 car}iage to all units.

VALUE ADDED TAX not included in prices—please add 10%

Open 9 am to 6.30 pm any day (later by arrangement. )

CHILTMEAD | |

Official Orders Welcomed, Gov./Educational Depts., Authorities, etc., otherwise Cash with Order

7/ ARTHUR ROAD, READING, BERKS. (rear Tech. College, Kings Road) Tel.: Reading 582605/65916

month it has become available as a kit for
£19.95 but next menth ETI recaders only
will be able to purchase it for £5 less for a
limited period.
This calculator has not 4 but 12 furctions
including logs, trig and arithmetic, ail in a

pocket-sized format.

{No orders can be
accepted before September 20th.)

~ What to look for in October’s E TI

EXCLUSIVE ETI READER OFFER
SINCLAIR SCIENTIFIC KIT FOR:

£14.95

Until recently the Sinclair Scientific was
only available ready-built at over £50. This

VIDEO DISC COLOUR TV

SCOPE DUAL-TRACE PROJECT

The Decca/Tetefunken TelDec

ELECTRONICS IN CRIME

Today both criminals and the police
are using more and more sophisticat-
ed techniques in their never-ending
battie.

Image intensifiers now make night
surveillance practical and a variety

of methods - both photographic and
efectronic - are used for the macabre
job of finding hidden graves.

Laser
ives to see where someone has waiked
even hours beforehand.

Read all about it in Octobeér’s ETI.

interferograms enable detect-

PLUS: .
AMBISONICS 2

A straightforward project using
I.C.s enables you to convert a
single-beam ‘scope into a dual-
trace version up to about 1MHz,

system is now ready for prod-
uction and it looks like a serious
competitor to videotape. How
it works is described in next

OCTOBER ISSUE ON SALE SEPTEMBER 20th — 25p
The features mentioned here are, at the time of this issue
going to press, in an advanced state of preparation. How-
“ever, circumstances, incfuding highly topical developments,

may affect the final contents.

36

month’s ETI,

today  ~remvarona
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@i REACTANCE CHART
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™ Lay a ruler between any two parameters
400 —4=—=- and read off the third eg. to find the
reactance of a 10mH choke at 2000Hz.
B Lay a ruler between the two known
parameters and read the answer (120
300 =— ohms) on scale A.
Note also that 0.7 has the same
= reactance and a 0.7 capacitor and a
10mH choke will resonate at 2000Hz.
Resonance may only be read using scate
200 —— A (values of inductance).
= If inductance scates B or C are used,
- the corresponding reactance scale B or
- C must also be used. b
- For higher frequencies, multiply
e frequency scale by 1000, inductance
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100pF
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300pF
S00pF
0.001:F

0.002.F
0.003.F

0.005:F
0.01uF
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0.1uF
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0.3uF
0.5uF
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2uF
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10uF
20uF
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50uF
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200uF
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500 F
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3000uF
5000:F
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50,000uF

100,000,1 F
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USE SCALE A
FOR REACTANCE
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THE EAGLE AAB has become well
known mainly because of the five way
tone control system which Eagle call
SEC, or Sound Effects Controffers;
It is otherwise a conventional stereo
amplifier rated for 20W (r.m.s. based)
output power per channel into an
8 ohm load. It has a smart appearance
with a matt teak finished case and is
available with either a black or silver
control panel.

Inputs are provided for magnetic
or ceramic pickup cartridges, radio
tuner and tape and there is an off-
tape re-entry for monitoring recorded
signals. Four push buttons select the
inputs and another four select stereo/
mono operations, the sound effects
controllers, loudness and the tape/
source facility. With the sound effects
controllers out of circuit the bass and
treble lift, or cut, controls and loud-
ness can be used in the normal way:

With the SEC in circuit, the regular
tone controls and the loudness control
do not operate. All inputs, the loud-
speaker sockets, a pair of mains supply
sockets, the circuit protection fuse
and an earthing terminal are located
on the rear panel. There is a socket
for stereo headphones on the front
panel which can be used without the
loudspeakers operating. There are no
separate HF or LF fiiters as the SEC
facility will cope with any rumble or
record surface noise filtering required,,

THE SOUND EFFECTS
CONTROLLERS

There are five slider controls and each

P o Ser——————
== -

MEASURED PERFORMANCE OF EAGLE AAG

Power Ouput:
Power Bandwidth:
Frequency Response: See graph
Total Harmonic Distortion:

20W per channel into 8 ohms, both channels drivens
20Hz {=1dB) to 25kHz (—1dB)

100Hz TkHz 10kHz

AL 20W 0.15% 0.08% 0.25%
= 0.12% =

At 10W
At 5W
At 1W

Signal-to-Noise Ratio:

{unweighted)  Tape, Tuner —B8dB.
Crosstalk: —54dB {ai! inputs)
Pickup overload margin: 38dB
Tone Controls and SEC:  See graph
Loudness Control: See graph

Inputs: Mag. P.U. 3mV 47ohm.
Tuner 180mV 100kohm,

Outputs: Speakers 8—16ahms.
Recommended Retail Price:

one operates within a specific freg:
uency band providing approximately
10dB lift or cut with reference to the
middle frequency. For example, the
lowest frequency control is centred
on 40Hz at which the maximum lift
or cut, is obtained. The five centre
freguencies are 40, 200, 1200, 6000
and 15,000Hz. The object of these
controls is to enable the listener to
make fine adjustments to overall freg-
uency response so as to compensate
for the effect of room acoustics and
unbalanced recordings etc., or they
may be used to provide more presence,
to vocals for instance. |t is important
however, that they are not used in-
discriminately as they can introduce
unpleasant effects,

INPYUT SEL, JOUND  EFFICT COMTROLERS
o 3

+TETr
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Mag. P.U, —51dB.

0.13% =
0.2% -

Ceramic P.U. —52dB.

-

Ceramic P.U, 80mV 100kohm
Tape 180mV 100kohm

Tape 180mV 100kohm
£74.80 including VAT.

PERFORMANCE

On the.whole the AAB has a good
performance and with a recommended
price of £74.80 is not expensive.
Details of the tests to which it was
subjected are given in the table and
illustrated by the various oscillograms
and response curves. Power output
was, as claimed, 20W per channel.
Distortion factor also was within the
claim made: better than 0.2%, not
only at full power at 1000Hz but also
at other power levels and frequencies.
The signal to necise (unweighted) was
down a little for the magnetic and
ceramic pickup inputs but still accept-
able and the pickup overload margin
(magnetic -input) a generous 38dB.

TUNCTION rPOWER

f s HESITIEY LL Lowewess oumtl on
e

Seoe e

0FF  mdmio

TREMLE

sass
1 > T
>3 ¥ mONTS
A . ~
¥ L
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SUMMARY:

All in all a very good amplifier

the price and one that offers maximum flexibility in

use.

The SEC facility has its merits but should be

used only with discretion.

15 j’_ -
10Hz 100Hz TkHz 0kH2 100kHz
Overall frequency respanse (A-A): Response of Loudness Control (L-L),
g8 =5 e
10
5
o =]
5
10
10Hz 100Hz 1kHz 10kHz 100kt
Deviation from RIAA response.
dB - = -
M TN - 1 Ao}
// N e S \
10 7 ‘\
5 //
0
5 \ p=
N A
10 \\ L | - v
LY N NG L /
15 | Vi
VHz W00tz TkHz 10kHz 100kHz

Responses of sound effects controllers at maximum lift and at maximum cut.

The overall frequency response is
shown in Fig. 1 together with the
response of the loudness control {at
about 0.1W) and the limits of the
regular bass and treble controls at
50 and 10,000Hz respectively. The

response from the magnetic pickup
input with RIAA equalized input sig-
nal is shown in Fig. 2. Frequency
response generally is supported by the
1000 and 100Hz square-wave tesis
shown in the photograph<:

ELECTRONIC> TODAY INTERNATIONAL—SEPTEMBER 1974

Response contours of the sound effects
control by frequency sweep test. From
left to right the peaks are at 40Hz, 200Hz,
1200Hz, 6kHz and 15kHz.

Tests at 100Hz. Input at the top, ourput
at the botrom.

TOOOHz square-wave tests, Input at the
top, output at the bottom.

The response of the sound effects
controls were as specified and the
separate contours are shown by the
sweep frequency responses, SUperim-
posed one upon the other as illustrat-
ed. The result of using them together
e.g., all at maximum, or at minimum,
is also shown which, either way, re-
sults in a somewhat objectionable
response, Furthermore with all the
controllers at maximum lift, distortion
can arise with a high degree of ringing
from a square-wave input signal. &
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Project 80

a brilliant new concept in modular hi-fi

-

Project 80'is going to be the ultimate in modular hi-fi
construction for a very long time to come. it combines the
qualities most demanded of any modern domestic system — good
circuitry, reliability and fine performance — with other features to be
found nowhere else in the world. For example,

compactness — Project 80 control units are 3” deep x 2* high,
and each one is completely self-contained.

 Elegance —all of Sinclair's design leadership has been
concentrated on producing-designs of outstanding functional
elegance unsurpassed for styling and simplicity. Flexibility —

the size and styling of Project 80 modules makes them

the most versatile units ever. Combine them how you will,

where you will, the Project 80 System

of your choice gives you the best.

— gy [ —




Sinclair Project 80

1
gl

0 20 5y g

technically
the world's most advanced

Project 80 gives you choice from arange of 9
different modules for combining in a variety of ways
to suit your requirements. The Stereo 80 is a versatile
pre-amp control unit designed to meet all domestic
hi-fi requirements including tape monitoring. high
sensitivity magnetic cartridge input, and of course,
individual slide controls on each channe! for precise
output matching. By separating the F.M tuner and
stereo decoder, useful economies can be effected
where stereo radio reception is not needed. Two
power amplifiers - 7 40 (18 watts RMS continuous
into 4 ohms using 35V) and Z.60 (25 watts RMS
continuous into 8 ohms using b0V) are available
with choice of 3 different power supply units. The
PZ.8 with its virtually indestructible circuitry is
particularly recommended. For the final word in
system building. the Active Filter Unit puts the
finishing touch of quality to what are easily the
world’'s most technically advanced hi-fi modules
Any further units likely to be added to Project 80
range will be compatible with those already available.

Guarantee

I within 3 months of putchasing any product direct fromus, you are dissatisfied with i
your maney wiil be refunded on production of receipt of payment Many Sinclair
appomted stockists also offer this guarantee Shouid any defect ansein normal use. we
wall service 1t without charge.

0 2 g

il
!

Stereo 80 Control Unit size— 260 - 50 - 20mm (103 » 2x Fins)
Finish — Black with white indicators and transparent shders Inputs — Magnetic
pick-up 3mV RIAA corrected. Ceramic pick up 350mV Radio 100mV;
Tape 30mV Signal/noise ratio — 60db Frequency range — 20Hz to 15KHz

1d8: 10Hz 1o 25KHz : 3d8 Pawer requirements — 20 1o 35 volts Quiputs —
100mV : AB montonng for tape Controls — Press button tape radio and P U.

Sliders on each channel for volume bass trebie RRP
(add £1-19VAT) £119 5

Project 80 FM Tuner size - 85 50 - 20mm (3% - 2 - i)
Tuning range Dual varicap — 87-5 1o 108MH:z Detector - [C. batanced
coincidence One 1.C. equal to 26 transistors Distortion — 0-2% at 1KHz for
30% modulation 4 pole ceramic filter ir |.F. section Aerial impedance — 760
or 240-300 Q Sensitivity — 5 microvolis for 30dB S/N rat:o Output — 300mV
for 30% modulaton Power requirements — 25 10 35 volts

ARR.P (add€1-19VAT) £11 . 9 5

Project 80 Stereo Decoder size - 47~ 50~ 20mm (122 -
2ins) One 19 transistor L.C. Channel separation greater than 30d8 Power

requirements — 25V Output T150mV pet channe! R.RP
taarapvan) £7.45

Active Filter Unit separate conrois on each channel. Size -
108 50 - 20mm (4% - 2 - hins) Voltage gam — munus 0-2dB Frequency
response — 40Hz to 22KHz contrels minimum Distortion — at 1KHz — 0-03%
using 30V supply H.F. cut off (scratch) — 22 KHz 1o 5-5KHz. 12dB/oct slope
L.F. cut off {rumble} - Z8dB a1 20HZ, 9dB/oct. slope R.R_P E 6 9 5

(add 690 V AT.) .

Z.40 Power Amplifier size - 55 - 0« 20mm (23333 - 3ins) 9
transistors Input sensitivity — 100mV Quiput 18 watis RMS conuauous into
40 (35V) Frequency response — 30Hz-100KHz ; 3dB S/N ratio - 64dB
Distortion — at 10 watis into 8 € less than 0-1% Power requitemenis — 12 1o
345 volts; built-in protecton against owverload. RRP

(add 54p V.AT.) E 5 . 4‘ 0

Z2.60 Power Amplifier size - 55 - 98- 15mm (2§ » 31~ 2ins) 12
transistors Input sensitivity ~ 100-2560mV Qutput — 26 watis RMS continuous
into 8 Q2 {50V} Distortion — typically 0'03% Frequency response — 15H2 10
more than 200KHz -3dB S/N ratio — belter than 70dB Built-:n protection
agamst transient overload and short circuiting Load impedance E 6 9 5
-4 min safg on open circuit RR.P (add 69pV.AT.} .

Power Su pply Units pz.8 Stabilised. Re-entrant current imiting
makes damage from overload or even direct shorung impossible. Normal
working voltage (adjustable) 50V R.R P £7-98-79p V.A T Without mains
rransformer PZ.6 35V stabiised RRP £7-98 -79p VAT PZ5 30V un-
stabilised R.R.P £4-98-48p VAT

To Sinclair Radionics Ltd. St, lves Huntingdon PE17 4HJ

Please send post pard

for which | enclose Cash/Cheque for £ includingV A T.
Sinclair Radionics Lid Name = ~ -
‘- . ] Londor: Rd.. Si. lves
; = Huntingdonr PE17 4HJ Address —_——— e e e
— g — s
S1.lves {0480) 64646 = =
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THE GARRARD B86SB is designed
as a medium quality disc playing unit
and it shares much with the more
sophisticated Zero 100 model. The
86SB differs in having a simple gim=
baled tone arm constructed out of
triangular section aluminium alloy in
place of the articulated tone arm of
the Zero 100. The cartridge carrier
of the module B6SB, as well as most
of the ancillary parts of the tone arm,
are made of plastic. Garrard have
been for many years the masters of
high precision plastic injection mouid-
ings with high quality plastic parts
finding their way into most of their
recently designed record piaying decks
and they have been none the worse
for that. ,

The drive motor of the BGSB is
coupled to the platter by a fiat rubber
belt. This arrangement is used in
place of the idler wheel drive used in
earlier models of the Garrard module
86. Speed change is by the use of a
plastic fork which pushes the belt
from one section of the motor shaft
to another section of different dia-
meter. The pulley and belt assembly
is visible for inspection through a
cut-out in the platter, exposed by
removing the rubber turntable mat.
Only two speeds are catered for, this
now being common on modern record
playing decks.

The motor itself is a four pole type,
known by Garrards as a ‘'Syncro-lab”
motor in which the rotor has been
magnetised permanently to a small
degree, this causes the motor to act
like a synchronous motor once it ha$
reached running speed but to have
starting characteristics similar to those
of an induction motor.

The turntable platter is made of an
alloy die casting 11}%in. in diameter
and showed no signs of having been
balanced after manufacture. However
precision castings of this type have, as
with plastic parts, been a keynote of
Garrard’s for many years. One Zero
100 which 1 had the opportunity to
inspect seemed to be virtually ident-
ical as far as platter design but to have
been balanced after casting by drilling
a series of small depressions in the
underside of the platter rim. The
slight over-hang of a twelve inch re-
cord on the 11%in. platter was found
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1o be beneficial in aiding their removal
from the turntable without touching
the playing surfaces.

The functions of the B86SB are
controlled by a row of small plastic
levers below the tone arm at the
right of the base-plate, the most left
hand lever controlling the Auto Start/
Stop functions of the deck, the centre
lever selects Auto or Manual operation
of the deck, the last lever at the right
is the arm lifting and lowering control
used when the deck is under manual
control. The existence of the auto-
matic functions does to my mind
remove this deck from the very front
rank of record playing decks but for
those without steady hands or who
have to put up with their record
playing equipment being used by the
family at large, then the ability of the
86SB to select the run-in groove of a
record, lower the arm placing the
stylus in the run-in groove, play the
record, lift-off the arm and return it
to the parked position after use must

be a considerable benefit in preventing
stylus and record damage.

As supplied for review, the 865SB
was fitted with a Sure M75 6/SB
cartridge which is a mid-range cart-
ridge having a spherical stylus. This
complement is considered by Garrard’s
to give a reasonably optimum balance
between cost and performance but it
may be considered that Garrard have
under-estimated the type of buyer to
whom this module might appeal and
that a somewhat better cartridge might
with advantage be used on the 86SB,
if this is so then the unit can. be
purchased without the cartridge.

The turntable main bearing design
of the 86SB is slightly unusual and of
an inverted design where the weight
of the turntable platter is taken on a
hardened steel ball at the top of a
pillar and almost level with the record
surface. The necessary side location
of the platter is provided by a bronze
sleeve inserted in the casting of the
platter and forming a plain beating

EL.LECTRDNICS TODAY INTERNATIONAL-=SEPTEMBER 1874



SUMMARY:

For somebody who wants 3 semi-

automatic tecord playing deck we have little

hesitation in recommending this unit as very goed

value for money,

MEASURED PERFORMANCE OF GARRARD 86SB

Signal-to-Noise and Rumbie:
{ref 1kHz at 10cm/sec)

Wow and Flutter {R.M.S.)
Speed Accuracy:
Accuracy of Play Weight Scale:

Arm Friction Lateral
Vertical

Start-up Time:
Platter Rock:
Dimensions:

Recommended Retail Price:

round the pillar holding the steel ball.
Though this bearing did allow a fair
degree of platter ‘edge rock’ (which
was measured as £15 thousandths of
an inch the centre of rotation of the
rocking couple also being the centre
of the record seemed to reduce the
untoward effect that might be expect-
ed to occur.

The bias compensator is fabricated
out of a number of plastic mouldings
and works on a see-saw principle with
adjustment of the amount of bias
compensation being provided by vary-
ing the distance of a small weight
from the fulcrum of the see-saw. This
worked very well and again illustrated
Garrard’'s mastery of mass production
methods.

The performance figures measured
with the test sample confirmed the
subjective opinion that the unit was
of high quality even though ‘‘mass
produced”. Both wow, flutter and
rumble plus noise was at a low level
and the overall operation of the unit
was satisfactory. The finish was good
but gave a rather “plastic” feel to the
86SB which went as far as the rather
bad mock teak veneer on the plinth.

Assembly of the unit should hold
no terrors for .even the most non-
mechanically inclined of us - the only
tool required is a small screw-driver
with which to screw down the transit

40dB  (good}

0.06% (very good)
Under 1% (good)
+6% (fair)

(fair)
(fair}

65mgrm
40mgrm
2.7sec {geod)

£15 thou {poor-see text)
17 7/8 x 15 16/16 x 7 1/8'""

£47.90 inc. VAT (less cartridge)

scfews and release the deck spring

suspension. What might take a little
time is locating the parts hidden in
théir cubby holes in the packaging
material of the module. Even the
cartridge supplied with the unit could
be fitted without the use of any tools.
Setting the stylus weight was simple
following the instructions given and
the result was fairly accurate being
some 6% high.

in conclusion the Garrard 86SB is
good value for money though a better
cartridge would be advisable. The
one supplied requiring marginally over
2.5grams to track the Sure test record
TTR 103. Finally the plastic dust
cover, while allowing records to play
with it closed, only opened 9in. which
caused difficulty with putting records
on and taking off the deck when it
was installed below eye level, on say
a coffee table,

SINCLAIR SYSTEM 4000
AMPLIFIER

We reviewed this 4nit in the July issue but
tha. price given to us, and that which was
printed in Sinclair’s advertisement on the
back cover was incorrect.

This should have read in both cases

£4995 + VAT and not £69.95 + VAT.

We apologise for any inconvenience re-
sulting from this.

ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1974
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Did you know we supply

Signetics PLL, Naticnal
linear and digital, ECL
from Fairchild etc. ?
Devices like the 95HSO -
a decade counter at 220
megs. £9.05. Or the AF
amplifier IM380, by Nat-
ional for only £1.00.
See our new A4 size data-
logue for details of our
full range of devices,

L2

The IT cata{iogue i-s

full of data - get your

43



B S i L

=

IMAGE INTENSIFIERS

-the electronic ow

"AMPLIFIER’ AND "“AMPLIFICAT-
ION” are terms which we use every
day without much regard to their
meaning. Certainly, ‘amplify” means
‘make larger’, and this is what an
amplifier appears to do to the
amplitude of a signal. It is not
what actually happens, though, and
our use of words blinds us to what
is actually happening, which is the
creation of a new signal of greater
amplitude under the control of the
old signal. This is what actually takes
place in the action of a transistor or
valve: the input is used to modulate
a current, and a new signal is obtained
by passing the modulated current
through a load resistor. True amp-
lification is achieved only in a resonant
circuit at the resonant frequency; for
even a transformer depends on an
intermediate conversion to a magnetic
field.

It is important to realise exactly
what we usually mean by amplification
when we come to speak of image
amplifiers, devices which are of great
importance in optical astronomy, mili-
tary night-sights, and in low-light
television. The ‘amplifiers’ to which
we are accustomed work reasonably
well at low frequencies, but, when the
time of one cycle of signal becomes
comparable to the time which the
charge carriers in the ‘amplifier’ take
to cross the space between electrodes,
the amplifying action fails. § For ex-
ample, if the time of one cycle of
signal is comparable to the time taken
for electrons to cross from the emitter
to the base of a NPN transistar, signals
of that frequency will not be. amp-
lified, for the control action fails. It
is impossible to control anything
which has changed in the interval of
control: this is probably most clearly
illustrated by the action of a triode
valve at high frequency.
makes the grid more positive so that
electrons are attracted from the cath-
ode, but, by the time the electrons
have actually reached the cathode, the
signal is negative, and the electrons are
being repelled again. This is shown
in Fig. 1.
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A signal

Another way of looking at this
difficulty is to compare the wavelength
of the signal with the dimensions with-
in the amplifying device. If the wave-
length is anywhere near the distance
between electrodes, then amplification
is uniikely to work.

What, then, do we do about amp-
lifying light images, where the wave-
length is around 0.0006mm? This is
very much less than any spacing we
can make between electrodes with
existing technology. Yet light waves,
which are identical in every respect
apart from wavelength and frequency
to radio waves, carry a large amount of
energy, and ought to be capable of
some sort of controlling action. The
answer lies in the interaction between
light and atoms.

LIGHT AND MATTER

Atoms consist of protons, feutrons
and electrons. The protons and neu-

BY IAN SINCLAIR

trons make up most of the mass of the
atoms, and the protons are positively
charged. The electrons are of much
lower mass, about 1/2000 of the
mass of the proton or neutron, but
have -a negative charge equal in size
{but not sign) to the charge on the
proton. The number of protons in the
normal atom always equals the number
of electrons. One of the early visual-
isations of the atom, long superseded
but still useful, is of a hard core of
protons and neutrons with the elect-
rons spinning round like satellites, so
that the diameter of the atom, which
is the diameter of the electron orbit is
about a thousand times greater than
the diameter of the core or nucleus.
The diameter of the electron orbit can
be increased by feeding in the correct
amount of energy, in the form of
raised temperature or as electromag-
netic radiation of the correct freg-
uency, to the atom. This same amount
of energy will be given off when the
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Fig. 1. Most electronic amplifiers depend on elgctrons (or holes) moving from some part A
to another part B. If B is positive electrons move but if the signal at B is reversed before the

electrons reach it, then this is not possible.
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Fig. 2. Diagram of an atom on the left. The core consists of protons (+) énd neutrons (N}
with negative electrons moving around it. Right: If energy can be transferred to the electron
its orbit movas out. If it returns, the energy ditference is releassd.
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ASTRONOMICAL OBSERVATION USING EMI
THREE-STAGE IMAGE INTENSIFIERS

A study of the missing galactic matter by the Royal Greenwich Observa-

tory, Herstmonceux.

To aid the recording of the images of
distant stars and galaxies the Royal
Greenwich Observatory at Herstmon-
ceux, Sussex, (shown on the .cover) uses
a three-stage image intensifier supplied
by the Electron Tube Division of EMI
Electronics.

The photograph shows the spectra of
two galaxies taken with the unit spectro-
graph of the lIsaac Newton telescope
using the EMI tube. The photograph
is a reversal of the original in the sense
that *“white’" corresponds to where light
fell on the original plate. In each case,
the central thin horizontal strip is the
spectrum of the galaxy. Dispersion on
the original was 250 A%/mm.

electron returns to its own orbit, as it
always does when conditions permit.
If sufficient energy is applied to the
atom, the outermost electrons can be
torn away from their orbits and re-
moved complétely from the atom to
which they belong. This is shown in
Fig. 2.

This last effect, when it is caused
by light, is the photoelectric effect,
investigated by Lenard in the 1880°s,
and explained later by Einstein {work
which earned him his 1921 Nobel
Prize). Einstein’s theory explains the
observed fact, that electrons are torn
away only by light whose frequency
is greater than a critical value, the
‘threshold: frequency. Brighter light
of a lower frequency has no effect, it
is the frequency which decides whether
or not the electrons will be removed;
though the numbers removed per sec-
ond are dependent on the brightness
of the light. Einstein’s explanation
was that the energy carried by any
electromagnetic wave, radio or .light,
is decided by its frequency, and that
the energy itself was contained in
units, one unit being called a quantum.
Brighter light means more units arriv-
ing per second, but the energy of a
unit decides whether or not an elect-
ron will be liberated. This led to the
very satisfactory picture of a unit of
light libérating a unit of atom, and
accounted totally for the measured
effects. The photoelectric effect is
most noticeable with light and the

The numerous emission lines above
and below the galactic spectrum are
from a copper-argon arc comparison
source. There are a few emission lines
which are very long and pass through
the galactic spectra. These arise from
the night sky. Although there are not
many features visible in the spectra of
the galaxies themselves on the reproduct-
ion, there are two quite clear emission
fines which are marked.

The upper spectrum is a 30 minute
exposure on galaxy Abell 262.No. 36
and the lower spectrum is a 10 minute
exposure on galaxy Abell 262 No. 32.

Photograph by courtesy of the Royal
Greenwich Observatory.

frequencies close about it, such as
infra-red and ultra-violet. Radio
waves have too little energy per unit
to have any effect on electrons in
materials, which is why we have to
liberate electrons by valve or transistor
action to enable radio waves to affect
them. Very short wave radiation, such
as X-rays, has 2 wavelength of about
the same dimensions as the atom itself,
and so has very little electron liberat-
ing effect despite its great amount of
energy per unit.

By using a natural substance whose
electron energy levels are matched to
the light frequency which we wish to
amplify, we have solved part of the
problem of amplifying light images.

PHOTOCATHODES

Not many materials are suitable for
this purpose, and most depend on the
metal Caesium. Caesium is a metal of
low density {about 1.8 times as dense
as water), low melting point (it is
usually liquid on a hot day}, and very
great chemical activity, so that it can-
not be kept in air, nor allowed to come
into contact with water. [t can be
stored and used only in a vacuum or
in an atmosphere of gas with which it
does not react. The same properties
which make - it an easy emitter of
electrons also confer this high react-
jvity, so that this is a problem we
must learn to live with.

The usual way in which it is used

ELECTRONICS TODAY INTERNATIONAL=SEPTEMBER 1974.

is in the photocathode, in which the
sensitive materials, antimony and cae-
sium are formed in a thin transparent
layer over a glass plate in a vacuum.
Fig. 3. shows how a connection is
made to the film, which is an elect-
rical conducter, and a separate elect-
rode acts as an anode. With a positive
potential of a few hundred volts-on
the anode, current in the form of

+
g —— i
—
PHOTOC ATHODE METAL
ANODE

Fig. 3. Action of-asimple photocell with
photocathode and anode.

electrons will flow whenever the
photocathode is illuminated. The
problem of keeping the materials away
from air is neatly solved by evacuat-
ing the apparatus and generating the
caesium from - a mixture of chemicals
in a nickel tube {caesium chromate
plus silicon powder} when the caesium
is wanted. Since the mixture is not
sensitive to air, it can be stored until
needed, and the caesium released in
the tube by heating electrically.

This solves part of the problem -
converting a light signal into an elect-
ron signal with the number of elect-
rons flowing being propertional to the
strength of the light signal at any
point on the photocathode. The other
part of the problem is that of getting
a light signal out which is of greater
power than that of the input; the
problem is made greater by the losses
in the photocathode, which converts
only a fraction of the light energy into
electron energy.

PHOSPHORS

Once again, we have to make use of the
behaviour of atoms in specially selected
materials, in this case the group of
materials termed phosphors. Phos-
phors {not to be confused with the
element phosphorus) are materials
which emit light when struck by energy
of other types, and a great variety of
substances of this type are known.
Some emit light on heating, some when
struck by ultra-violet, most when hit
by electrons. The last group contain
the phosphors which are of greatest
interest to us for this purpose. These.
perform exactly the opposite of the
photocathode function, but they are
completely dissimilar materials, being
mainly sulphides of metals such as
zinc and cadmium. The action is that
the energy of incoming electrons raises
the energy levels of a large number of
the orbiting electrons within the phos-
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phor atoms. After this excitation, the
electrons return to their normal energy
levels giving off light to release the
surplus energy. The amount of light
given off depends on the number of
electrons hitting the phosphor and
also on the speed of the electrons
hitting the phosphor. Once again, the
efficiency is low, so that the energy of
light given out is much less than the
energy of the electrons striking the
phosphor, the remaining energy being
dissipated as heat.

What happens if we assemble the
photocathode and the phosphor in one
glass bulb and apply a few volts
potential differences? Nothing worth-
while, unfortunately, for the electrons
released by the light hitting the photo-
cathode have less total energy that
the light; they then hit the phosphot,
with more loss of energy and release
the output light which has less total
energy than the electron stream. The
net result is a loss -of light energy
rather than a gain, but one important
principle is proved: the image of the
outgeing light is much the same as the
image pattern at the input, proving
that the conversion does at least work.

IMAGE INTENSIFIERS

To obtain a gain in light intensity ffom
such a system of photocathode and
phosphor, we have somehow to step
up the energy of electrons which are
the controlling factor. There are two
ways in which this can be done. One
is to increase the energy of each elect-
ron by accelerating it to a much
higher speed by means of a large
potential difference applied between
the photocathode and the phosphor.
The other method is to. increase the
total number of electrons reaching the
phosphor by making each electron
from the cathode release a greater
number of electrons from an inter-
mediate stage. This latter methoed is
called eleciron multiplication, and is
similar to the method used in photo-
multipliers. .

The problem in an image intensifier
is marde more difficult by the fact that
we do not simply wish to increase the
strength of a light signal but also to
preserve the shape of an image. Any
process which we carry out on the
electrons must therefore preserve their
relative positions so that the electrons
hitting the phosphor must be arranged
in the same pattern as the electrons
leaving the photocathode.

The two different types of image
intensifiers using these different meth-
ods are the phosphor/photocathode
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EMI Type 2001 Image
Intensifier Systemn.

type and the secondary emitting film
type.

PHOSPHOR-PHOTOCATHODE
INTENSIFIERS

This type of intensifier has quite a long
history, originating in World-War [l as
the infra-red night-sights. These were
rudimentary phosphor-photocathode
cells with a photocathode whose sensi-
tivity extended slightly into the infra-
red (a difficult task, as the low freq-
uency of the infra-red compared to

-visibie light means that infra-red carries

less energy). Fig. 4 shows reconstruct-
ion of a photocathode/phosphor celf.

FOCQUS
ELECTRODES

\ 1.2 3
PHOTOCATHODE CONTACT

BING

Fig. 4. A photocathade/phosphor cell.

With 20kV between phosphor and
photocathode, the output was a visible
light image for an invisible infra-red
input, with a small gain in power. The
applications were gun aiming and night
driving (in convoys, with infra-red
headlamps on the leading vehicle, and
the rest following the infra-red tail
“lights”). This type of nightsight,
vastly improved by better photocath-
ode and phosphor materials and recent
improvements in materials and con-
struction, is still in production and in
use. From it multiple cell units have
developed, using the principle that a
greater voltage between photocathode
and phosphor will cause the losses to
be overcome and establish some over-
all gain in energy. The multiple cell

units consist of several photocathode-
phosphor units coupled together, as
one might cascade stages in a con-
ventional amplifier., With a high acc-
elerating voltage across each portion,
the total light gain can be very large,
approaching 100,000 in some examp:
les: this enables the user to view, as if
fully lit, scenes in conditions where
the only light source is the stars.

The problems of construction are,
however, immense. Each photocath-
ode has to be made in position, and
the caesium vapour used for the pro-
cessing of the cathode will ruin the
properties of the phosphor if allowed
to land on the phosphor surface. Since
the phosphor surface is always in the
same vacuum space as the photocath-
ode, contamination would seem to be
difficult to avoid. The usual technique
is to keep the phosphor end hot and
the photocathade end cool, so that the
caesium vapour condenses on the cool
photocathode surface, where it is
wanted, and avoids the hot phospher
surface. Overheating the phosphor,
however, destroys its properties, so
that a very fine balance has to be
struck. The easiest approach has been
to make individual cells with fibre-
optic end windows and to stack them
together, rather than to attempt to
form several phosphors and photocath-
odes on surfaces within one tube.

SECONDARY EMITTING
MULTIPLIERS

The other approach to amplification
involves multiplying the number of
electrons landing on the phosphor, and
this is most easily achieved by second-
ary emission. When electrons accel-
erated by any voltage between about
100V and 5%V land on a material
their energy is sufficient to knock off,
on average, more electrons than have
landed. With some types of material,
among which caesium is again prom-
inent, the ratio of electrons released
to electrons landing can be guite high
{8 to 10}, so that several stages of
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multiplication of this type can raise
very considerably the number of elect-
rons in a beam. For example, if the
secondary emission ratio is 8, and four
stages of multiplication are used, the
total gain in terms of electron numbers
will be 84, which is 4096; four thou-
sand times in round numbers.

Most secondary electron multipliers
use reflected electrons, however, and
have no need to keep the electrons in
any image pattern. For image intensi-
fier use, reflection is undesirable since
the direction of the secondary elect-
rons cannot be well controlled, as
shown in Fig. ba, and it is greatly
preferable to increase the electron
numbers with no change in the direct-
ion of the beam. This is achieved by
‘through-multiplication®, using the
secondary-emitting material in the
form of a thin film, bombarding it
with electrons from one side and
obtaining, if ali goes well, an enhanced
stream of electrons from the other
side. This method is shown in Fig. Sb.

SECONDARY
ELECTRONS.
¢

e

PRIMARY
ELECTRON s

PRIMARY ELECTRON

SECONDARY ELECTRONS

a thin layer of potassium chloride by
placing the aluminium film in a vac-
uurn jar and heating the potassium
chloride, placed in a molybdenum
tray, 10 a temperature at which it
evaporates, and the vapour lands on
the aluminium oxide. The resulting
layers have then the properties which
are needed, and can be mounted in
the intensifier.

The complete secondary emission
intensifier consists of a photocathade,
several secondafy emitting films, and
a phosphor arranged in sequence in a
tube of uniform diameter, as shown
in Fig. 6, ~ The films are produced
outside the tube, as described, and
the only processing which has to be
carried out within the tube, during
pumping, is the formation of the
photocathode. Since this is carried
out at the end of the tube opposite
the phosphor, it is fairly easy to
arrange that the caesium vapour from
the photocathode has little or no
effect on the phosphor; it seems to

Fig. 5. (above] a. Secondary emission of electrons by reflection.

b, secondary emission by transmission.

Fig. 6. (right) Transmission secondary émitting inténsifier.

For such a film we need material
which can be produced in thin-film
form, conducts electricity so that we
can apply voltage to itand replace the
electrons it loses, has a good secondary
emitting ratio, and is strong enough to
be self-supporting. This last point is
important. Any material could be used
supported on a metal mesh, but each
mesh would cut down the electron
flow {due to the number of electrons
which would land on the metal of the
mesh), and the combination of several
meshes would cause a coarse pattern,
a moiré pattern, to be visible at the
output. It is much better if the
material chosen can be attached to a
metal ring at its edges and needs no
other suppart.

‘Not surprisingly, no single material
is suitable, and the films haye to be
made of several layers. They start off
as aluminium foil, very similar to the
foil used in cooking, stretched over
metal rings, Some of the thickness of
the aluminium is then converted to
aluminium oxide by treatment in sul-
phuric acid (passing a current between
the aluminium and another electrode).
The oxide surface is then coated with

FLANGE

a system, gains in light image intensity
of several hundred thousand are poss-
ible.

USING IMAGE INTENSIFIERS

In each type of image intensifier, a
magnetic field must be used to keep
the electrons in the correct relative
position. This focusing field is pro-
vided by a long coil {solenoid) com-
pletely surrounding the intensifier. In
addition, accelerating voltages of sever-
al kV per stage must be applied to
each type of intensifier, and this re-
quires good insulation, since the overall
voltage may be 50kV or more.

The phosphors used have to be
aluminised. One reason for this is that
it improves the efficiency of the phos-
phor by reflecting more light forward,
another is that it helps to make the
phosphor more resistant to caesium.
An even more important reason in
image intensifiers is that it prevents
light from being fed back to earlier

e s =
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END
WINDOW

A
PHOTOCATHOOE
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have little effect either way on the
secondary-emitting films. Using such

Ultra-high speed recording with a John
Hadland IMACON 600 camera using an
EMI multi-stage image intensifier tube,
Streak record of plasma formed in nitrogen
by carbon dioxide TEA laser. Radiation
focused by 15cm f.1. germanicm lens.
Note: modulation of forward going filament
at 60 nanosecond intervals caused by
partfal mode-locking.

Phaoto by courtesy of Canadian
Armament and Research Development
Establishment, Valcartier, Canada.
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stages. This is not quite so important
in phosphor-photocathode cells, as the
gain per cell is not so very high, but in
the secondary emitting tube type, it
would be possible for the light from
the phosphor to feed back to the
input photocathode (since the sec-
ondary emitting films are partly trans-
parent} causing full light output for
no input. Similar precautions must
be taken with the optical system to
prevent feedback.

In astronomy, multi-stage image
amplifiers have enabled us to achieve
spectacular advances in the sighiing
of very distant or dim stars; the
observatory at Kitt Peak has in part-
icular specialised in the use of image
amplifiers in astronomy. For night
surveillance, whether for the study of
nocturnal animals in the biological
sense or for the detection of the less
welcome nocturnal burglar, image amp-
lifiers of the simpler type have been
most useful. Their military applic-
ations are obvious; their non-military
applications are continually expanding,
enabling us to leave the owl far behind
in our ability to see in the "dark’. [
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The completed Inter-
national 4600 synthesizer,

MUSIC SYNTHESIZERS

Completing the 4600 unit.

THIS month’s article completes the
description of the larger (model 4600)
synthesizer.

Interconnections between modules
and the patch board are given together
with front panel drawings and details
of the cabinet woodwork.

Finally, two small modifications are
described. The first improves the
reliability of the power supply, and
the second eliminates a small
inconsistency in the operation of the
transient generators.

POWER SUPPLY

The power supply is: protected
against short-circuit to ground of any
of the output voltages (except +13.4
volts) and this is normally entirely
adequate. However during test
procedures on our unit, the +14 volts
was inadvertantly shorted to the +7
volts, This caused the +7 volts to be
taken to +14 volts, and
correspondingly, the tracking -7 volt
rail to go to -14 volts, damaging some
of the CMOS IC’s,

Whilst the occurrence of such a fault
is considered to be a remote
possibility, we feel it is advisable to fit
Zeners (8.2 volt 1.5 watt} from the
plus and minus 7 volt supplies to
ground, and also from the +5 volt
supply (6.6 volt 1.5 watt) to ground,
to protect against any such fault
condition.

TRANSIENT GENERATOR 1

The Transient Generator | and
Envelope Control modules work well
and are very reliable. However, over a
long period of use, it was found that

occasional latch-ups of the Transient |
type modules occurred. To understand
the cause of this problem we must
refer to the operation of the circuit
diagram (Fig. 1)} on page 44 of the
April 1974 edition.

It will be recalled that, when a key is
pressed, a 3J-millisecond pulse is
generated at point A, which resets IC2,
discharges C8 and toggles the flip-flop
IC6/3/4. This initiates the attack and
causes the output to go to +5 volts. On
reaching this level the output of 1C4
(via I1C6/2/1) toggles the flip-flop
1C6/3/4 and initiates the first decay.
However, if a new trigger occurs at
that same instant, the flip-flop receives
two commands and may be set either
way, depending on which pulse ends
first.

+7V

Te prevent such latch-up ever
occurring the following changes should
be made with reference to the criginal
circuit diagram and Fig. 1. of this
article, Remove C9, D3, R24 and
instal a wire link in piace of C9. Next
cut the copper PC board track
between pins 1 and 2 of IC& and
connect pin 1 to pin 13.

The output of IC6/1 is now a level,
not a pulse, and therefore cannot be
tost. Thus the trigger pulse into 1C6/1
will restart the sequence at any time,

To improve the stability of the
circuit, when using fast decay times, it
is recommended that R14 be reduced
to 100 k and C6 to 10 pF.

TRANSIENT GENERATOR 2

The stability of Transient Generator
2 may be improved by reducing R21
to 100 k. No other changes are
necessary on this module.

Fig. 1. Circuit diagram of modified section
Transient Generator.

THIS CIRCUIT iS
PART OF FIG. 1
PAGE 44, APRIL 74.

1€1

PINS
» el

PIN 6




T i = i

-

e — T S W — & e iy . e G— g —

MODULE/PATCHBOARD— INTERWIRING

MODULE INPUTS OUTPUTS | DESTINATION MODULE | INPUTS OUTPUTS | DESTINATION
Oscillator 1 | Input Patchboard 1H Transient 1 i Key Output | Patchboard 18V
Output Mixer point 2 Ext. Trigger Ext. Input mod-10
Key Trigger Patchboard 12V
Oscillator 2 | input ‘Patchboard 2H Output Patchboard 13V
Output Mixer point 4
Transient 2 | Ext Trigger Ext. Inp. mod-10
Oscillator 3 | Input Patchboard 3H Key Trigger - Patchboard 12V
Output Mixer point 6 Output Patchboard 14V
Oscillator 4 | Input Patchboard 4H VCF 1 Signal tnp. Patchboard 14H
Output A Mixer point 8 Contro!l Inp. Patchboard 5H
Output B Mixer point 10 Cutput Patchboard 7V
Keyhoard | Transient 2 Patchboard 14v | VEF2 | Signal inp. Patchboard 15H
Controller | Patchboard Patchboard 11H Control Inp. Patchboard 6H
Trig. Output | Patchbeard 12V Queput Patcboard 8V
Key Output | Patchboard 16V
Mod Input | Patchboard 17V Amp 1 Signal Inp. Patchboard 16H
=i Control tnp. Patchboard 7H
Noise and Controller Patchboard 10H Qutput Patchboard 3V
Controller {nput
Noise Output| Osc 43 selector Amp 2 Signal Inp. Patchboard 17H
Noise Output| Patchboard 11V Control Inp. Patchboard 8H
Cont. Output| Osc 4B selector Output Patchboard 10V
Cont. Output| Patchbeard 20V -
= T Qutput Input 1 Patchboard 22H
Mixers 2 Osc 1 Qutput Module 17 Horiz. Joystick
4 Osc 2 Qutput 19 Vert. Joystick
6 Osc 3 Output 21 Patchboard 9H
8 Osc 4 Qutput Output 18 | Patchboard 18V
10 Osc 48 Output Qutput 20 | Patchboard 19V
RVE1 Patchboard 18H Output SW1{ Rear phone jack
RV62 Patchboard 19H Qutput 22 | Patchboard 15V
RV81 Patchboard 20H Phone Out. | Phone jack
RV82 Patchboard 21H = = =i
Qutput 1 Patchboard 1V External | Ext. Input 1 Rear phone jack
Output 2 Patchhoard 2V Inputs Ext. Input 2 Rear phone jack
Output 3 Patchboard 3V Ext. Trigger
Output 4 Patchboard 4V from patch-
Output Patchboard 5V board Patchboard 12H
P e e L Ext. 1 Out. | Patchhoard 21V
Envelope Keyboard Ext. 2 Out. | Patchboard 22V
Output Not used Ext. Trigger
Ext. Output Ext. Input mod-10 | (10) Envelope
Key Trigger Patchboard 12V Out. Transient 1
Signal Patchboard 13H | Transient 2
Control Not used ext.
Output Patchboard 6V

Notes: The patchboard is numbéred 1H to 22H left to right and 1V t6 22V top to bottom.
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WOODWORK
The cabinet, detailed herein, is
designed for the keyboards described
last month. If different keyboards are
used, some dimensions will need to be
changed. 1
The stops {part K} and the hinge
{part M) should be assembled to the
case with the aid of the front panel.
Stand the unit on end and place the
front panel jn its normaily closed
position with about 2 mm clearance at
the top, and 1 mm clearance at the
bottom, of the panetl. Mark the pivot
hole position and the rear edge of the
front panel. Repeat the procedure for
the other end. Drill the pivot holes 4.8
mm diameter. and 10 mm deep. With
the unit upright, fit the panel {using

Fig.2, Cabinet assembly. Latters
designate piecss described in
sepsarate drawings.

ALL DIMENSIONS ARE IN MILLIMETRES T
il

the parts M as pivots} and support it so
that it is open and horizontal. Parts K
can now be glued in position such that
they rest on the edges of the front
panel and are aligned with the pencil
marks previously made. When the glue
is dry parts M may be screwed into
position,

The front panel may be secured in
the closed position by a self-tapping
screw countersunk into each side of
the cabinet. The pivots and securing
screws should be individually fitted on
each unit to ensure proper alignment.

All  material, unless otherwise
specified, is 13mm (%"} chip-board. @
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ELECTRONICS

-jit’s easy!

Introducing inductive and capacitive reactance.

CAPACITORS and inductors modify
any sudden change in voltage that is
applied to them. The way in which
this happens was explained in last
month’s article in this series.

We will now look at what happens
when a square wave is applied to CR
and LR circuits that have a time
constant that is short compared to the
duration of one half cycle of the
square wave.

In case {A) of Fig. 1, the capacitive
current will be high when the square
wave goes positive (time t1), and will
rapidly lessen as the capacitor becomes
charged. The same thing will happen
when the sguare wave goes negative
{time t2) except that the capacitor will
now supply current back to the supply
and hence the current will flow the
other way. The current waveform
through the network will thus be as
shown in waveform 2.

In case (B) the inductor resists a
change of current, and hence, the
current witl initially be low and will
increase slowly wuntil the maximum
value is reached. When the square wave
goes down again the inductor tries to
keep the current flowing.
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Fig;. The basic LR and CR networks and their response to a square-wdve having
a half-cycle duration short in comparison to the network time constant.

The current will thus gradually
decrease until the field of the inductor
is zero. Thus the current wave shape
will be as shown in waveform 3.

In cases (A} and (B} the output
voltage (across the capacitor in (A)
and across R2 in B) for both will be as
shown in waveform 4. Thus, in terms
of voltage-in versus voltage-out, both
these arrangements tend to smooth the
input waveform. They are therefore
known as smoothing (or integrator}
circuits.

Now in circuits {C) and (D) we still
have the series LR and CR
arrangements but this time we have
taken the output from across the
inductor instead of the resistor as in
\(B), and from across the resistor in (D)
instead of the capacitor as in {A).

The current waveforms will be the
same as before as shown in waveforms
{5) and (6), and the output voltage in
both cases will be as shown in
waveform (7).

In these arrangements then, thé
output is a pulse which corresponds
with an input change, and the polarity
of the pulse is the same as the
direction of the change. These
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PART 8

arrangements therefore are known as
differentiator circuits (output only
when there is a change). :

These circuits are fundamental to all
€lectronics and are extensively used to
modify an input signal to some
different requirement.

As ah exercise, see if you can draw
the waveforms generated when the
time constant of thé network is firstly
one tenth of the time t, t,, t2, and
secondly, ten timeés t, ty, t5. You will
obtain some interesting results. The
time constant in the waveforrs given
is about one fifth of t;°16 t5.

We move on now' to consider the
behaviour of the three basic passive
circuit components (R, L and C) when
they are excited by a .continuous
sinewave signal. Our discussion will be
restricted to sinewave signals at
present — as these are the most basic
kind.

RESISTORS AND AC
SIGNALS

As fesistors cannot store eléctrical
energy, they cannet alone affect the
time characteristics of a signal. They
will however, change the amplitude of
the signal if connected to form a
voltagedivider network such as is
shown in Fig.2. In this example the
original 10 V peak, to peak sinewave is
attenuated to provide an output of 6
V p.p. The attenuation s easily
calculated in.such cases, for Ohms law
{previously used in dc circuits in this
course), applies equally as well to ac
signals when the cifcuit is built
entirely of resistors — or devices that
are effectively résistors. We say such
circuits are purely resistive.

f!{“[OV

IDEAL
VOLTAGE
GENERATOR

> 1k O/ A ,—_\ o

—_—

Fig,2, Resistars above cannot change waveshape,

they can only reduce the amplitude.
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Fig.3a. Equivalent circuit of a practical voltage generator. {3b). Equivalent circuit of a

practical current generator.

Note that the voltage-divider cannot
provide signals of greater amplitude
than the input. This may seem an
obvious statement but we will see in
the next part that storage eleme nts,
when connected in certain ways, can,
in fact, magnify the voltage.

INTERNAL RESISTANCE
OF SUPPLIES

In Fig.2 the two resistors forming the
voltage divider are obvious. In many
othér cases they are not so easily
recoegnised.

The ideal or perfect source of voltage
has no internal resistance and is
fepresented as shown in Fig2. But in
practice all’ sources have internal
resistance so our equivalent circuit is
more realistically the ideal voltage
generator together - with a
series-connected internal or source
resistance — represented in Fig.3 by
Rs. The source resistance Rs is, in fact,
the value that is measured (or would
be) looking back.into the source, and
this appliess. no
complicated the power supply is.

Mostly we tend to think in terms of
voltages ‘when  seeking an
understanding -of circuitry. But it is
sometimes more convenient to make
use of currepts instead. The perfect
current source, again representable as a
black box, provides constant value of
current regardless of load value.
However, practical current generators
always have shurit resistance — that
seen looking back into the black box.

METER

LOAD
RESISTOR

Fig.4. The source resistance, and the load
resistance together make a voltage divider,
Thus the wltaoe delivered to the load is isss
than the maximum available from the
generator; and depends on load current.

matter how’

As with voltage sources we must
tolerate resistive losses, this time as a
shunt that diverts current from the
load. The equivalent circuit of a
practical current generator is shown in
Fig. 3.

With a few exceptions, we can regard
voltage and current sources as purely
resistive devices comprising a perfect
lossiess generator and a suitably
connected source resistor: it s
however, not possible to separate the
two.

LDADING OF SUPPLIES

In Fig.4 a resistor is connected across
a voltage supply. It is clearly forming a
voltagedivider chain with the internal
supply resistance. In this example the
output voltage, will be attenuated to
half of that value provided by the
supply in the unloaded condition.

The internal resistance of a supply is
a vital parameter if the voltage is to
hold up and remain constant as the
load is changed. A varying load
condition imposed on the supply {such
as occurs in, say, a hi-fi system as the
loudness demand varies would
continually alter the system voltage
supplying the circuits, with subsequent
loss of correct operation.

A little thought reveals that a source
resistance very much lower than the
minimum load resistance reduces this
attenuation effect; at least ten-times
less is a good yardstick. Simple power
supplies, like that specified earlier asa
project, are unable to provide an

==
1
1
!
|
|
l

QUTPUT

RESISTANCE
Fig.5. When coupling black boxes, the
loading effects must be taken into account.
Thus the output and input resistances must
be taken inte account.

INPUT
RESISTANCE
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adequately low internal resistance and,
therefore, suffer from loading effects.
Special stabilised supplies, although
complicated in construction, simply
provide a more ideal source by
effectively providing a much reduced
source resistance — tenths of ohms
downward.

Similarly the current supply ideally
should provide a constant current with
load demand variation, but the
inherent shunt resistor diverts the
current from the load. The stabilised
current supply, therefore, is designed
to reduce this effect to a minimum.

It is possible, then, to regard voltage
and current sources as black boxes
with an internal resistance — in other
words as resistive circuits. When
studying the coupling of black boxes
{stage-to-stage in a circuit or complete
sub-system to the next) the preceding
one is regarded as the source of voitage
or current as is preferred — and the
loading effect of that following is
easily found from the above reasoning.
Fig. 5 illustrates this: it is quite similar
to the problem of meter loading
discussed in Part 3.

In summary then, when the
equivalent resistance of stages has been
assessed, or measured, the coupling or
loading effect is easily calculated using
Ohms law. This concept applies to
both dc and ac signals if the circuit is
purely resistive.

The voltages and currents fiowing in
inductors and capacitors can also be
handled this way if we use a simple
calculation {discussed next} to obtain
their effective resistance before using
the various circuit laws.

THE CAPACITOR,
INDUCTOR AND AC
SIGNALS

We have seen how the storage of
energy in the electric field of a
capacitor, or in the magnetic field of
an inductor, modifies the nature of a
transient signal impressed across them.
it can be said that the capacitor or
inductor opposes the transient and
tries to prevent its transmission.

If the applied signal is continuously
varying from positive to negative —
that is, it is an ac signal — it is, in
effect, providing a continuous train of
transients. We would, therefore,
expect storage components to
attenuate ac signals in some way. And
this in fact is what they do.

INDUCTORS

As just pointed out an inductance
opposes sinusoidal current fiow. It
does not change the time character of
the waveform but does reduce the
amplitude. The effective resistance is
calculated from the formula.

X, =2nfL

where X is the inductive reactance, f
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10V
1kHz > 80mH
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Fig.6. Current in this circuit
is limited by the reactance

of the inductor.

Xt / REACTANCE
TN E / INCREASING
REACTANCE
OF STATED
SIZE OF
INDUCTOR

0 FREQUENCY
[LINEAR SCALE)

Fig.7. Variation of inductive reactance
wrth frequency,

the frequency of the sinewave sfgnal
and L the inductance in Henries.
Reactance is a term used to describe
this particular kind - of circuit
opposition. It is sometimes called
apparent resistance. The effect must
not be confused with that of pure
resistance, for reactance, although
limiting current flow and producing

‘voltage .drops, does not dissipate

energy. :
The term 2nf is often replaced-by a
simple symbol w.

Thus X = 2afL = wl.

A simple exercise illustrates how the
formula is used. In Fig.6 an 80 mH
inductor is energised by a 10 V.rms, 1
kHz source. We wish to calculate the
current flowing in the loop.

The formuia gives the reactance as.

X, =2mx103x80/102 = 500 ohms.
Knowing the effective resistance to
such a signal we can now apply Ohms
law to obtain the current
vV _ 10

I=-—L—-§-65=2OmA

Study of the X, formula shows that
it is frequency dependent so the
current will be different if - the
frequency is changed. For example, if
in this example we alter the frequency
to 10 kHz, X, ingreases to.1000 ehms
and the current falls to 10 mA, The
frequency effect’ can be portrayed
graphically — see Fig. 7 — showinhg

that X, increases - linearly with-

increase in frequency.

Practical inductors are made of wire
— hence they have resistance as well as
reactance. This resistance will deter

10V +
2uF
1kHz}

— |

Fig.8. Current in this circuit
is limited by the reactance
of the capacitor.
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the current flowing by.a small amount.
So do not be disturbed if calculations
do not exactly agree with any
measurements made of such circuits.
As our background develops further
we will see how to take this into
account. For the moment it s
sufficient to say that — the resistance
value and reactance value.CANNOT be
directly added to obtain the total
resistance.

CAPACITORS
Having seen how inductors behave
when a sinewaves are applied-to them,
we would expect a somewhat similar
pattern of behaviour to occur with
capacitors. Capacitive reactance Xg is
calculated from the expression
e ]
2n¢C
where C is in Farads and the other
terms are as in the inductive reactance
formula given above.
In Fig.8 the capacitive reactance is

Xc =1/21 108, 2,106 = 80 ohms

and the current | is V/Xs = 10/80 =
125 mA.

This time if the frequency is raised to
10 kHz, Xc becomes 40 ohms and the
current rises to 250 mA. Thus as the
frequency rises the  capacitive
reactance falls whereas the inductive
reactance rises. Put another way, at
very high frequencies the capacitor
may be considered as a low-resistance
link, the inductor on the other hand is
a low resistance link only at dc.

Fig.9 shows the variation of X with
frequency. Note that:in contrast with
the frequency versus reactarice
characteristic of the inductor, that for
a capacitor is not lineaf, but
hyperbolic.

Although the calculation of X_ and
Xe is straightforward it can-become
tedious when many values are to be
found. To ease this task a reactance
chart may be used from which the
feactance at any -frequency may be
direct!ly determined. A réactance chart
is included for your futire reference
on page 37.

iINVALUABLE _EL'EMENTS

Compared with the simplicity of dc
circuits it might seem that. the
introduction of ac signals makes
unnecessary complications. But now
we are in a position to see how much
of electronic technique is, in fact,
based on ac methods.

In an earlier part of this series we saw
how signals can be multiplexed onto a
common communication channe! if ac
forms were used. The system design to
accomplish this. needs  circuit
techniques that can separate
frequencies into individual channels.
That is where the inductof and

Xe

REACTANCE

REDUCING
—_—

0

FREQUENCY

Fig.9. Variation of capacitive

reactance with frequency.
capacitor are of value, for the signal
magnitude passed by them. depends
upon the frequency of the signal
applied to them. Using combinations
of both components we are able to
produce frequency selective circuits
that let selected frequency signals
through  without  loss,  whilst
attenuating those lying either side of
the chosen frequency. This is the way
in which radio tuners separate the
desired programme from all the others
picked up by the antenna.

In the power supply project the
capacitor was used to smooth out
pulsations of the rectified waveform.
Thus the capacitor may be seen to
provide us with a means of averaging
varying signals.

These examples illustrate why its
absolutely essential to have a solid
grounding in the behaviour of
inductors and capacitors. Like-Ohms
Law, a knowledge of reactance is
absolutely essential. Take time to
make sure ~ you _understand it
thoroughly.

COUPLING BLACK BOXES

Two basic methods may be used to
couple circuits together. These are ac
coupling and de coupling,

Where the signal from black box (A)
Fig.10 is to be coupled into black box
{B), we must first examine the signal
to see what frequency range it covers.
If it extends down to zero, that is dc,
then direct coupling must be used.

In this method the output of (A) is
simply joined by means of a wire link
or & resistor, to the input of (B).

o —— ey

=X
>
A -] ()
-
‘gureaT: [ NPUT -
EARTH OR
COMMON

i

(b)

NO d.c. CONNECTION
EXISTS. COUPLING
IMPROVES WITH

RISING FREQUENCY

Ll

©

d.e. PATH EXISTS
COUPLING REDUCES
AS FREQUENCY RISES

Fig.10. Coupling methods.
fg) direct

{b) capacitive

fc) inductive
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However if the mean dc voltages at tne
output of (A) and the input of (B) are
different, a current will flow between
them, which may upset the operation
of either or both. Thus where dc
coupling is required, the black boxes
must be designed so that the dc voltage
at the output of (A) is the same as that
at the input to {B).

Where it is not necessary to operate
down to dc, an ac link may be used.
This usually takes the form of a series
capacitor which blocks dc {and thus
allows the dc operating points of (A}
output and {B) input to be different)
but offers negligible impedance to the
ac signal.

It is only necessary to use a capacitor
in one lead, in order to block dc, the
other can be left as & direct coupling.
The capacitor is nearly always wired
into the non-grounded (non-earthed)
lead.

Ac coupling may however change the
signal that is being transferred from A
to B.

A signal containing many frequencies
— a sguare-wave, for example — may
arrive at B as seen earlier, with shape
changed and possibly its amplitude
reduced. This is because the various
sinusoidal waveforms that compose
the signal are each attenuated by
differing amounts {for Xc varies with
frequency). The net result is a new
wave shape. The extent to which the
shape is changed depends upon the
frequencies present and the value of
the capacitor.

Ly L2 Ly
A= B0 00— 0060 1
@)

LTOTAL=Lq*+13%L3

Sl ()

]
ﬁ
ﬁ

{

1 Al
LTOTAL= T2+ T3

0__(‘:1‘ C2 03_1

o
1 AL Al b
E1DTAL-C1 'Cz.’c;;

= ==C3 (CH

CTOTAL=Cq +C+C3

Fig.11. Rules for combining series and
parallel inductors or capacitors o an
equivalent single value.

Inductors ard capacitors are used to form
this Philips loudspeaker crossover network.

By suijtable choice of components
this effect may be minimized.
Referring back to the section on LR
and CR nhetworks, if circuit D is used
to couple circuits, and the time
constant  is chosen to be long in
comparison with a half cycle of the
signal, then the signal will be little
changed by the network. Do some
sums on this for yourself and see what
effects different time constants have.
For example assuming that a circuit
has an input resistance of 10 k ohm
(R4) what value of C2 would be
required to pass a 20 Hz square wave
without too much change in shape?

A single frequency sinusoidal signal
passes with its shape unchanged. Its
amplitude, however, will be altered in
accordance with the reactance of the
capacitor at that frequency, and any
other resistances in the circuit that go
with the capacitor to form a
voltage<divider chain.

Zero frequency dc signals, as said
before, will not pass at ali, for the
capacitor has no direct coupled path —
it only ‘‘passes’ current when the
charges are moving. The capacitor,
therefore, provides us with a means to
block de whilst allowing ac to flow.
This means the steady-state dc voltage
level at A can be quite different from
that at B yet there is no danger in

AMPLITURE

/4—VOLTAGE

'|: _F i i\ c:nnsm‘

AMPLITUDE ﬂ .
VOLTAGE

I -
1 -CURRENT
I

= 90—

Fig.12. Amplitude — tims jraphs for woltage and
current in an inductor, an

in a capacitor,
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connecting them together. provided a
capacitor is in series.

The higher the excitation frequency
the lower is the capacitive reactance.
The capacitive coupling therefore,
becomes lower in effective resistance
as the frequency rises. By appropriate
choice of component value (relative to
the circuit resistance} it is possible to
provide a coupling that.is as good as a
direct lossless link yet still blocks dc.

Inductors, see Fig. 10¢, have the
opposite effect {reactance increasing
with frequency whilst providing a
good dc path). Thus they are
commonly used where it is desired to
allow dc current flow whilst blocking
ac signals. They are aiso extensively
used in combination circuits which
separate a signal, or group of signals,
from all others. More about this in the
next part of the course.

Inductors, then provide increasing
coupling resistance with frequency
increase and do not block dc. In this
role they are able to smooth out
fluctuations in a signal: the higher
frequencies are attenuated more than
lower frequencies. Inductors are often
used in this role in which case they are
termed chokes.

"STORAGE COMPONENTS IN

SERIES AND PARALLEL

tt is often necessary to calculate the
combined effect of inductors or
capacitors when they are wired in
series or in parallel. The discussion of
this  section applies only to
connections having only inductors, or
only capacitors, We will see later that
combinations of the two provide
vastly different behaviour.

Inductors — the total inductance of
series-connected inductors is equal to
the sum of each — refer to Fig. 11a.

The total inductance of paralleled
inductors obey the reciprocal law
found with paralleled resistors — refer
to Fig. 11b, Inductors, then, follow
the laws of resistors in this respect. It
might be helpful if you remember that
inductors in series provide a “‘bigger”
inductor. These rulfes apply onfy when
the magnetic fields of each are not
interacting.

Capacitors — these follow the same
law but in reverse. Series capacitors
obey the reciprocal law, paralleled
capacitors obey the additive law —
refer Fig. 11cand 11d. An easy way to
remember this is that parelleled
capacitors effectively increase the
plate area thus increasing the capacitor
size.

These rules are used to calculate the
total component value. From this it is
easy to obtain the total feactance as
though only one component existed.

But do remember the flaws apply
dnly to groups of similar components.
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Fig.13, Vector {or phasar) dizgrams for
resistance, capacitance and inductance.

If you have a circuit with many

capacitors and many inductors the

rules work to reduce series or parallel
groups of either component to an
equivalent, but may not be applied to

combinations of different component .

types.
PHASE RELAYIONSHIPS

The voltage developed across an
inductor reaches its maximum value
when the rate of change of current
passing through it is a maximum. This
occurs in sinewaves when the current
ragnitude is zero.

We, therefore, have two distinct
components of the signal to consider
— current and voltage. They are both
sinewaves but they pass through their
various levels at different times. A
good way to comprehend this is to
draw a small piece of the
amplitude-time graph of each (as in
Fig. 12a). It is clear that the current
curve reaches its maximum 900 {or
one quarter of a full cycle} behind the
driving voltage. In electrical jargon we
say the current /ags the voltage by
9009. (We do not say it leads by 2700°:
it would only complicate the issue).

The phase effect is opposite with
capacitors, for maximum current flows
when the charging rate is maximum;
this occurs when the applied voltage is
zero. Again then, the current and
voltage are not in phase and the
current leads the voltage by 9090 as
shown in Fig. 12b.

VECTORS
In order to assess the total effect of
combinations of resistors, capacitors

Fig.14. Graphical addition of
vectors.
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and inductors, we need to combine
their respective  signals, making
allowance for the different phase shifts
in each case.

Special mathematics (called complex
algebra} can be used to calculate the
resultant effect but it is an approach
devoid of intuitive feeling for what is
happening. it also needs special
training to understand it.

instead we can manage quite well
using a purely graphical method in
which the length of a line is used to
represent longitude of the voltage or
current and the direction of the line to
represent phase. These lines are called
vectors (or phasors) tc differentiate
themm from normal lines in which
direction is unimportant.

As a sinusoidai signal repeats
continously, there is no need to draw
each sinewave and add them step by
step 10 see the combined total — this
does work but is completely
unnecessary. We, in fact, disregard the
cyclic changes in instantaneous
amplitude and represent the rms or
peak value of the signal amplitude by
the length of a line. This line is drawn
in a certain direction, related to its
phase difference. Fig. 13a is a vector
diagram for the voltage and current in
a purely resistive circuit: the current
and voltage are in phase so each vector
lies along the same direction. The
right-hand, horizontal position shown
is always taken as zero phase angle.

The vector diagrams of the basic
capacitive and basic inductive loop are
also given in Fig.13b and 13c. The 809
phase difference between voltage and
current results in the current vector
beirtg 90° around from the datum

When interpreting such diagrams,
convention says that the observer
moves around the diagram in a
clockwise direction — it is wrong to
rotate the diagram past the observer.

The reference vector is chosen to be
the circuit parameter that is common
to each component — current in a
series circuit, voltage in a parallel
circuit.

VECTOR ADDITION

If two or more compatible signals
{eg, a pair of voltages, or a pair of
currents, but not a voitage and a
current) exist with a phase difference
they must be added as vectors — it is
wrong to add their amplitudes directly
unless they are in-phase.

Referring to Fig. 14, the vector
diagram shows two voltages V,; and
V, where V5 leads V4 by 909 They
are scaled to represent 10 V and 15 V
respectively. The net resuitant of the
two is not 10 plus 15 because they are
not in phase.

The correct sum is, instead, found-
graphically by drawing lines {at 309 at
each axis} out to their intersection

point V.. The distance from the origin
to the intersection is the resultant
voltage. The resultant phase angle is
given as the angle 8 also shown in Fig.
14. If they are 1809 out of phase they
can be arithmetically subtracted.

RESISTANCE AND
INDUCTANCE IN SERIES

When resistors are used with
inductors or capacitors, the signal
across them is similarly involved with
phasing problems, To find out what
happens requires vector addition of
voltages and currents.

The vector diagrams of a resister and
inducter in series is given in Fig. 15.
The reference signal is current
{common to all components} and the
voltage developed across the resistor is
in-phase with the current. That across
the inductor, however, leads the
current by 900 (it leads rather than
lags this time as our reference is now
current — be careful about which leads
or lags what). The parallelogram has
been completed to give Vp and 8.

In practice, inductors always possess
measurable resistance so the phase
angle of the practical inductor never
quite reaches 900. |Ignoring this
though, when the phase angle is 800 in
these diagrams (as can be reasonably
assumed for inductors and capacitors)
we do not need to draw the vector
diagram but, instead, make use of the
rules of right-angle triangles to
calculate  the unknowns. The
Pythagoras rule tells us that

Vr2 = VF|2 i VL2
from which we can show that the
apparent resistance of two combined
elements (called the impedance Z} is
given by
Z2 = RZ + X2 for inductors.
ie.Z =+ R2+X2

Hence the impedance of a circuit
containing inductors is only calculable
if the frequency is stated {since X[ i5
frequency dependent}.

The phase angle in degrees is found
from the trigonometric formula

= tan 8 = XL
R

RESISTANCE AND
CAPACITANCE IN SERIES

These are treated in the same way as
inductors and resistors giving the same
Z (impedance) formula but where X}
is now Xc. Here is an example of how
impedance is used to determine

Fig.15. Vector diagram of current and
woltages in a series RL circuit.
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=it’s easy!

10V
1.6kHz

2000 2uF

—

Fig.76. An RC circuit and its vector diagram.

currents and voltages in a circuit fed
from ac.

In Fig. 16 a 200 ohm resistor is in
series with a 2 puF capacitor. It is
required to decide what voltage is
across each component and what value
phase angle is seen at the terminals.

Knowing the frequency, first
calculate X¢ (it will be about 100
ohms). The impedance is then found
as

2 =+/ R2 + X2 = 223 ohms

The phase angle is tan >ﬁ(-° =0.5 and
the tables give the angle as 269 34",
Finally, we reascn out that the phase
angle is leading.

The current flowing in the series loop
is found from Ohms law but here we
take impedance as the total circuit
resistance.

| =V/Z2=10/223 = 45 mA.

Ohms law can now be applied
{ignoring that  we have vector
quantities in the current for this is
now allowed for) to arrive at the
voltage across each element. Across
the resistor will be
VR =45x 10-3 x 200 = 9 V across
the resistor
Vc =45x10-3100=45V

Note that these do not add up to 10
V (as might be expected) and that the
sum is always more than the source.

Finally, as a check, it is sound
practice to draw a scaled vector
diagram. This should agree with your
figures. This is done in Fig. 16.

Practical capacitors can be made
closer to the ideal than inductors so in
most capacitor circuits we do not need
to make allowances for their internal
resistance.

Q-FACTOR

Practical inductors possess both
storage and dissipative capabilities at
the same time. As they are intended to
store energy not waste it, it is useful to
form a criterion to express their
goodness.

A perfect inductor has no resistance,
only reactance. The ratio of these two
{for a particular frequency, therefore)
is a measure of quality. This ratioj%_l:‘

is called the quality factor or simply
the Q-factor (or Q) of the coil.

Practical coils can reach Q's of
several hundred. To go higher, special
circuits have been developed in which
the effective Q is many times higher.

Use of the Q-factor is not confined
to inductors. It is used to express the
quality of many types of energy
storage systems —  capacitors,
mechanical systems, acoustic cavities,
etc.

In the next part of this series we will
look at inductors and capacitors in
parallel circuits with resistors and then
study what happens when both are
used together. There we will see some
quite astounding effects. ®

ELECTRONICS -in practlice

A RELAXATION OSCILLATOR

THE circuit of Fig. 17 shows how
the charge-discharge behaviour of an
LC circuit and a neon lamp (note the
circuit symbol) may be used to
produce a continuous ac signal. Such a
circuit, capable -of producing a
continuous ac waveform is called an
oscillator, The circuit provides, when
the correct component values are used,

HEADPHONES

c
]
o
L—" %R
e b

90V BATTERY

Fig.17a. Reiaxation oscillator circuit for
Morse Code practice.

an audio-frequency tone that may be
heard in headphones.

Neon lamps are small lamps having
two metallic elements spaced a short
distance apart and enclosed in neon
gas at fairly low pressure. At a voltage
dependent on electrode spacing and
lamp pressure, a glow discharge {due
to ionization of the gas) will occur and
the current though the lamp will rise
to a level limited only, in the main, by
the external circuit resistance. This
voltage for small neons is typicaily
around 75 to 80 volts. The lamp wili
continue to conduct until the supply
voltage falls below a point catled the
maintaining voltage. This typically will
be 60 volts or less.

To return to our circuit, the
operation is as follows:— When the
switch is closed, capacitor C will
charge relatively slowly (via resistor R
and the headphones) from the battery
in a time equal to roughly three times
the total resistance in Ohms times the
capacitance in Farads (remember T =
RC}). When the voltage across the
capacitoer reaches approximately 80
volts, the neon lamp ionizes and draws
current from C, discharging it. Were it
not for the resistance of the
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headphones, this discharge would be
almost instantaneous. The discharge
continues until the voltage across the
capacitor falls to 60 V, the neon lamp
de-ionizes (thus is again a high
resistance) and the capacitor will again
charge towards 80 volts. A waveform
will thus be generated having a shape
similar to that shown in Fig. 17b.

This waveform is obviously not
sinusoidal — it is more like a sawtooth.
The sound heard in the headphones
will therefore be quite harsh because
of the harmonics which are present in

addition _to the fundamernital
frequency.
V--_——--‘——-——————,..-;-'_—.
20| Ve
| \
| \
\ |
60 ‘ I M= ve
I |
| 1 1
I (%] f==
| (L] T
I : 1
! il
-—T

Fig.17b, After the initial half cycle, the neon
oscillator will produce a sawtooth having

an amplitude of Vf§ — V,, and a frequency
of f=1/T.
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It is impossible to predict,
accurately, the frequency at which the
circuit will osciliate because of
variations in firing and maintaining
voltages of the neon and gas ionization
and de-ionization times. Below 200 Hz
the approximate formula is

1

T= 23RClgy=V¢

For your guidance the graph of Fig.
17c shows frequency of oscillation of
a typical neon with various RC values.

Using values of series resistance
below one megohm may shorten the
life of the neon due to arc
discharges. Values above 15.megohm
‘may prevent oscillation occurring at
all. Maximum frequency of oscillation
is around 20 kHz being limited by the
ionization and de-ionization times of
the neon gas. The only limit to low
frequency oscillation is obtaining

capacitors having high capacitance and -

low leakage.
The headphones used should
be around 2 kohm impedance.

Alternately, if high impedance crystal
type are used, these should be shunted
by a resistor of 2 k ohm in parallel.

JLE & \_ 100V
0-1uF \\\\\ R
0.01uF '\\\\\9\\,@ C’r
5
W \ .
S 0.0014F h N L
E Q\\ X \
(=} ’-541 v
< 100pF =
a ——
<
« N\
10pF -
1pF
0.1 1 10 100 1000 10K 100k

FREQUENCY — Hz
Fig. 17c. Operating frequency of a typical neon oscillator with various values of

resistance and capacitance (approximate only).

charge/discharge circuit and will affect
the frequency of operation.
Note that some small neon lamps are

maore

: factors
mentioned here — only thé important
ones have been listed.

than have been

specially designed as indicators for 240 Lesson — never take anything for
volt ac applications. Such lamps have a granted, even in simple circuits. =]
built in resistor of high value to limit

current through the lamp. These are

unsuitable for use in oscillator circuits ERRATA

unless the resistor can be removed.
It is interesting to note how such a
simple circuit as this has so many

Graphs 6b and 9b on pages

54 and 55 of ETI

August

1974 shouid be transposed

Remember that the headphone factors which must be taken into
impedance is part of the consideration. |Indeed there are even oy
e Emew——— = g
r' GIRO NO. 331 7056 SPECIAL RESISTOR KITS (Prices include posc & packingl
C.W.Q.only P_& P 10p on orders below £5 10E12 ;W KIT. 10 of each EI2 value. 22 onhms— | M, a zotal of 5I0{CARBON FiLM 5%, £3 65 net

Discount: £10-10%,. £20-15% (excepe net items)
Export Order enquiries welcome (VAT free)

1CEI12 ;W KIT: 10 of cach EI2 value. 22 chms—I M. 2 toral of ‘S7TO(CARBOM FILM 5 5. £3 BS net
25E12 3 W KIT: 25 of each EI2 value, 22 aobkms— 1M, a rotal of 1425(CARBON FILM 5%43. €8:35 net
25E12 + W KIT: 25 of each E12 value, 22 ohms—I M. a total of 1425(CARAON FILM 5°.). €845 net
20E12 ;W KIT: 20 of each E12 value, 22 ohms—2M2, 3 total of 1220 (METAL FILM 5%, £11:0S net

ALL QUANTITIES SPECIFIED ABOVE ARE APPROXIMATE.

RESISTORS s =
CF—High Szab Carban Film. 5°5 MF—High Stab Meal Flm, 5%,

Official Orders accepred from
Educational & Government Departments

ALL PRICES iNCLUDE VAT

MULLARD POLYESTER CAPACITORS €280 SERIES
250V P.C. Mounting: 0-01uF, 0-0154F, 0-0224F. 0 033uF, 0-0<74F, 3p. 0-068uf,

O-1uF, 44p. O I54F, 4ip. O 22.4F. S3p. 0 33uF. Bp. 0-47uF, 9p. 0-68uF, 12p. | uF, ¥, Type Range 1-99 100499 500-999 1 000 S1Ze mm
TR A e L A t i CF 22.1M 1 0 75 0 60 0 55 2-4.7°5
MULLARD POLYESTER CAPACITORS C296 SERIES {ECEER 221 LI o 2 & 7t e
400V 0 001 F, 0-0015uF, 0-00224F, 0-0033.F. 0-0047uF, 23p. 0-0068,F. 0-01pF, | § G2 2-IM_ 1 i P 32 g i
0-0154F. 0-022uF, 0-033uF, 3ip. 0-04Tuf, 0-069uF, O-1uF, 44p. O I1SuF, 6ip. | MF  10-2M2 2 | 21 L 24 0 99 4 2xi0 8
0 -22uF, 84p.0 33,iF, |20, 0-474F. 14p. I Mf lofom 3 | 53 I Bl i 65 6 6mld
160v:0-014F, 0 Q15uF. 0 022uF. 3o, 0.047uF. 0 068uF. 3in. 0-1uF, afp. 0-15uF, | 5 NE (31000 2 352 208 275 Bx175
Sp. 0 22uF, 54p.0-33uF, 8ip. 0-47uF. Bip.0-6BLF. |120. LuF, 14p. E t

Far value mixing prices. please refer to our catilogue
VALUES AVAILABLE—E|2 Series only

PRESET SKELETON POTENTIOMETERS

MINIATURE 0-25W Vertical or korizontal ép each 1K, 2KZ, 4xX7, 10K, etc.
up ta IMQ
SUB-MIND 05W Verticat, 100 15 220K {} Sp each

fprice in pence each)

MINIATURE CERAMIC PLATE CAPACITORS R R e

SOV: (pF) 22, 27, 33, 39, 47 56, 6B. 82, 100, 120. 150, 180, 220, 270, 330, 390, 470,
560. 680. 820, 1K IK5, 2K2, 3K3, 4K 7. 6K 8, (F) 0-01, 0:015, 0 022, 0 033, 0-047.
2ip. each. 01,30V, 44p.

POLYSTYRENE CAPACITORS 140V 5%,

{(pF) 10. 15, 22. 31, 47, 68. 100, 150. 220. 330, 470. 680, 1000, {500, 2200. 3300,
2700, 6800, 10.000, 4¥:p.

B. H. COMPONENT FACTORS LTD.

{ETr} 61 CHEDDINGTON ROAD, PITSTONE,

NR. LEIGHTON BUZZARD, BEDS, LU7 9AQ
Tet. : Cheddingron 668446 {5td. Code 02967
PLEASE WRITE FOR FREE LATALOGUE

Miniature Muliard Electrolytics VEROBOARD ¢-| ¢0-15 | POTENTIOMETERS el ”
] 2; x 5 28p 1Bp | Carbon Track 5K {2 to 2M {2, fog er lin. Single, 16;p Dual Ganz 48p, Log Singie weth Switch 26p
RoueIVes < oRun ég:’,f;: 27 x 337 26p 19p | Shder Pocs. 19K, 100K, S00K. 30mm. 34p. 45mm. 47p. 60mm. 55p. (Semi-log)
A 4 z = "

2 24F 63V 630 1004F 10V éip §3 5 31" 355 32° [ oiopes | pLucs ELECTROLYTIC CAPACITORS. Tubular & Large Cans
3:3uF 63v 8ip  10OuF 23V eip | 9 112 70 7o | 1N4001 6.5 | DIN 2Pin 120 | (uFIV): 1125, 2/79, 4125, 4 7:10, 5125, 8125, 10119, 10.50 16:2
4:0u7 40V &4p  I100uF 63V 14p | 5T ¥ coioiiy 2 00| N s 3 Pin 13p | 22183, 25125, 25°50. 32/25. 52°25, 10010, 100125. 6.p. 50,50. Bp.
d7aF 63V 6ip  150uF 16V etp | 31 230 (piney 120 | (ndoas 90 | 5 Pin180° 150 | 100150 20016 i)p 250/50. 18p. 500:i0. |lp. 500¢2S. 15p.
€-BuF 63V byp  ISOuF 63V I5p | §7 %50 5 T 225 | iN400295h { Std.lack  143p | 500150, I8p. 1000115, 15p. 1000125, 22p. 1000155 40p_ 200010,
8 OuF 40V 6:p  220uF 6 4veip | * 2! (Flund 590 59p | 14005 135 | 2.5mmjack [1p | 20p 1000:700 90p. 2006-25. 308 20061150 950" 2960 2 38p.
:811: igz : P ;%gu; llg:f, Ggp Al Py, 44p 44p | IN40OE 14p | Phone Sip | 2500.50. 62p. 3000/50. 80p. S000/25. 68p. 5000°50. £1.10

10uE 63V 6ip 220LF 63v i | Prns. Pkt 25 10p 10p ;:9:: 7o | SOCKETS HI-VOLT: <450, 14p. 3:250. 19p. 8:450. 20p 16/350. 12p
ISHE 18V 6ip  J30.F 16V 120 = O eI & om}zpf."n 195 | i61420. 33p. 32/350. 33p 50,250. 20p. 100500, 88p.

T o TRt inale v 5 ARSISLONS OAS 425 | 5 e 180> 125 | METALLISED PAPER CAPACITORS :

ol 2 4T0uF 6:4V9p | ACI27 1610 BC2I2L 120 | 503y 250V 0 05.F, 0 I..F. 6p. 0 25.6p O 5uF. 7.p. |uF, 9p. 500V-
22uF 25v 6ip  4704F 40v20p | ACI28 22p BC213L 12p | g5l 7B | Sud:-lck 14:p 0, ) 0 P ) T T SR e T e e el
22uF 63V 6§p  680uF 16V 1Sp | BCI07 11p BC213L 17p OA200 BP 2.5mm Jack lip 0033 1307 347 o'rpl's o'n'pn 5 41;- e gD
324F 10V 63p  680uF 40V 25p | BCIOB 12p OC44 [8p P | Phana Sip RIOP RS 2 22 P: Uy Sl

33uF 16V 63p  1000.F 16V20p | BCIO9 13p OC71 I3p Integrated Screened Wire, Metre Gé-p NEW KIT 5E12 W METAL
33uF 40V 64p  1000uF 25V 25p | BCI148 12p OCBI  16p | Cirevits Twin S5creened Wire, Metre 12p | FILM 5% ULTRA LOW NOISE
J2uF 63V 6ip  15004F 6.4 15p | BCI49 12p OCI?0 23p § sA705C  50p | Steres Screenmed Wire. Metre 12p | NEW RESISTORS WITH FULL
474F 1OV 6ip 1500uF 16V 25p | BCIB2L 12p TI543 33p wATAIC 55p | Connecting Wire, &ll ¢colours. Metre 1. p| €0LOUR CODING 5 EACH
47uF A5V 6ip  2200uF 10V 25p | BCIBIL 12p 2N2926 1ip § ,a7238 £1 | Nean Buib, 90V Wire Ended Sfor 24p | E12 VALUE 10R-1M, TOTAL
LﬂnF 63V Bp 31004F 6-4 26p | RCIR4L I3p 2N3T02 Itp § znval2 20320 | Panel Neon, 240V Red. Amser, Clear _20p | 305 £2.75 ) ‘
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BYWOOD have the largest range of digital clock chips, calculator chips, and seven segment readouts available anywhere. We
deal only in these types of devices so that we can offer an expert advisory service to your advantage.
If you want to go digital then telephone the digital people - BYWQOD at Hemel Hempstead {0442) 62757. Whether you

want one or a thousand, or just a chat about digital ciocks, we will be pleased to talk to you.

Pi

CLOCK CHIPS Price  count
MM5311 Basic clock chip, BCD outputs £ 900 28
MMB314 As MM5311, no BCD outputs £ 7.20 24
MM53609 As MM5311 plus reset to zero. TBA 28
MM5316 4 dig alarm chip, Lig. Crys. drive. £15.00 40
MM5375 6 dig alarm, Sperry drive, TBA 24
MKS5017AA 6 dig alarm, sleep and snooze. £14.00 24
MKB0250 6 digit alarm. £ 760 28
CT7001 Alarm/date/sleep/snooze/ete. £16.50 28
CT7002 As CT7001 but BCD outputs. £16.50 28
TMSE3952  Alarm/stopwatch. £20.00 28
CT6002 CMOS,Lig.Crys. drive, for battery

clock. £22.65 40

DIGITAL WATCHES

The CTG002 chip is available built into a complete digital watch

module complete with everything except case - no soldering to

do, the module is actually running when you getit! CT6001/M
£92.60.

MHI DIGITAL CLOCK KITS

Our MHI range of kits is intended to allow the building of virtually
any type of digital clock. The range was announced in May with the
MHI-5314/C kit and is now supplemented by four new additions.
MHI-5314/C is based on the MM5314 chip, it gives a basic digital
clock suitable for driving any of the MHI display
units, £8.40
MHI-5025 kit uses the Mostek MK50250 alarm chip, it gives a six
digit display with an alarm tone circuit to drive a small
speaker. The kit is suitable for any of the MHI display
boards. £11.35
MHI-7001 kit uses the fantastic CAL-TEX CT7001 chip with time,
date, alarm, sleep, snooze and many other features. We
would advise the use of a six digit MHI readout for this
kit. £19.00
MHI-D707display kit uses the DL707 0.3" LED display digits,
available as a four digit or six digit kit. ;
MHi-D707/4 £7.60, MHI-D707/6 £11.40
MHI-D747display kit uses the DL747 0.6"" LED digits, these give
a display which is readable at over 25 feet.
MHI-D747/4 £10.25 MHI-D747/6 £15.35
MHI-D3IN is specifically designed for advertising type displays, the
digits are made up from discrete LED lamps and form
digits about 3" high. These are readable at distances of
well over 50 yards. Available as four or six digits with
colons between each pair of digits.
MHI-D3iIN/4 £24.00 MHI-D3IN/6 £36.00

The clock kits contain clock chip, CA3081 segment driver, PCB

14" x 2”'}. The MHI-5314/C kit does nor contain a socket for the
clock chip {£1.00 extra) but all other kits have a socker as standard.
The display kit contains the LEDs and a four or six digit PCB.

MHI is a modular approach to building digital equipment and all
present and future Kits are interchangeable wherever possible. The
simplicity of the kits makes them ideal for small production runs
of clocks or for teaching and training. For details of quantity
prices please contact us at Hemel Hempstead {(0442) 62757.

CLOCK DATA SHEETS —SAE.

5314 - JUMBO EVALUATION KIT

Our most popular kit so far is our 5314 - JUMBO Evaluation Kit,
due to the large orders that we have received from amateurs and
from industrial users we are able to offer this kit at a new price of
£22.80. -

The MMBE314 is a 24-pin LS| chip containing all the logic necess-
ary for a 12/24 hour, 4/6 digit, 50/60Hz digital clock. The new
0.6 LED display from Litronix {the Jumbo) is readable from
distances of over 25ft. We supply MM5314, socket, 4 Jumboc's,

-2 DL707 0.3" digits, CA3081 driver and a 5" x 4" fibreglass PCB.

You supply 16 resistors, 3 capacitors, 2 diodes, 6 transistors,

transformer and switch, KIT PRICE: £22.80

DISPLAY READOUTS J

oL707 Common Anode 0.3"" LED. £ 1.70
DL704 Common Cathode DL707. £ 1.70
DL747 Common Anode 0.6 LED. £ 2.45
DG10A Phosphor-diode 8.5mm. £ 1.10
DG12H - Phosphor-dicde 12 5mm (0.5"). £ 1.20
LC823440 Field effect Lig.Crys. four digits. £16.00
3015F Minitron filament, 9mm digit. £ 1.25
3016F Minitron type filament, 12mm digit. EREIEDS,
3017F Minitron type filament, 16mm digit. £ 2.00
SP752 Sperry high voltage, 0.5", 2 digits. £ 4,00

CALCULATOR CHIPS

CT5002 Four function, 12 digits. £ 5.00
CT5031 8 digit, Constant, "timer’ option. £14.55
CT5032 12 dig, cons, mem, averager, etc. £19.36
CT5037 8 dig, cons, mem, internal mpx. £15.49
SOCKETS

We advise the use of sockets with the above chips. 24 or 28 pin
£1.00, 40 pin £1.35.

ADVICE — PHONE 0442-62757

POST & PACKING — 10p. OVERSEAS (AIRMAIL) 50p. VAT — ALL PRICES EXCLUDE VAT.
PAYMENT C.W.0. or ACCOUNT. ACCESS. ORDERS & PAYMENT BY PHONE ACCEPTED.
QUANTITY DISCOUNTS ON MOST ITEMS — STATE REQU!REMENTS FOR QUOTATION.,

BYWOOD ELECTRONICS

181 EBBERNS ROAD

HEMEL HEMPSTEAD ¥

HP3 9RDC. TEL. 0442-62757,
24 HOUR ANSAPHONEF ON-LINE.



INTERNATIONAL 422
STEREO AMPLIFIER

PART TWO.

m PROJECT 422

Details of metal and woodwork.

THIS month we present the metal and pops and clicks, etc, introduced into insufficient, 00047 microforad

woodwork drawings, for those peoplé
wishing to construct their own chassis
and cabinet.

The amplifier, because of its wide
frequency response, will reproduce

Fig. 11. Artwork for front-panel escutchean

il LB

Fig. 12 Artwork for rear-panel escutcheon

the mains by eguipment {such as
refrigerators) switching on and off.
Some protection against this is given
by C18 (across the primary of the
power transformer). If this s

oisc 1=PE

®® 60

capacitors may be fitted between the
live end of C18 and earth, and also
between the neutral end of C18 and
earth. If used, these components
must have a rating of at least 600V.
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Fig. 13. Drilling details of the front panel
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Fig. 16. Constructional details of the cabinet.

ERRATA
Lines six and seven in the third
column of the parts list on page
28 last month should read as
follows:
ZD1 Zener diode BZY83C5V6
ZD2 Zener diode BZY88C5V6
ZD3 Zener diode 8X270C18
{16V or 20V will do).

—
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Jomorrow

THIS MONTH you may have noticed
that one of the special affers is for the
Bywood DIGITRONIC Il clock kit.
At the time of releasing this kit, the
main clock chip used was still on the
secret list; we can now tell you that it
was a chip developed for a large clock
manufacturer as a custom chip by
Emihus Microcomponents L.td. The
chip has now been released by Emihus
as the EDCB051 and the EDC6052
MOS clock chip, and a data sheet
arrived on my desk the other day.
The tricks that this chip will do must
surely make it the second most ver-
satile clock chip now available (after
the CT7001}. The DIGITRONIC li
kit uses the 50Hz input, six digit
output, reset, hold, and 12/24 hour
options of the chip. The DIl Quartz
uses the 100kHz. input option in

addition and the Dil Stopwatch vers-
jon uses the seventh digit and the
stop/start facility. Quite a versatile
little chip you' might say, but we
haven’t even started yet! We have not
mentioned the eighth digit {1/100 secs)
input, the alarm facilities, and the
option of changing all the counters
from 24.59.59.00 to count to a maxi-
mum of 99999999 as a decade
counter.

The applications of this chip are
multiple and magnificent, your author
has already modified one of the DIl
stopwatch clock to show normal time,
or stopwatch timing in hours, minutes,
seconds amd tenths, or stopwatch
timing in hours and decimal parts of
hours. Apparently there are a lot of
yachting clubs that time in this latter
manner and the number of racing

clubs that use normat HHMMSSs tim-
ing for races is very large. Now we
have a clock chip (or a clock) that will
do either and will act as a clubroom
clock when not used as a timer. The
alarm setting on the chip uses BCD
decade switches which strobe the 8
digit output lines and pass the alarm
data into two alarm input pins. This
means that the alarm system is expen-
sive for ordinary commercial alarm
clock because of the high cost of these
switches, on the other hand this sys-
tem means that several alarm times
could be set for each day either each
switching for a short period or (by
using a flip-flop) ane switches on,
the next off, then on, then off, etc.

Because the alarm is set by switches
rather than programmed into a mem-
ory as with most digital alarm clocks,

VoD *
— 1 vss
e - S T
1 V& Voo 6710 A
0—:\@' 51
ALABM
& 52 OUTPUT

'H\;— EDC 6052 For clock

—o s3 without alarm
T EDC 6051 For clock STETRUCT
o ~~o— START/STOP with alarm THAT Va =(vss 3)

VOLTS WHEN
b . ~o— 12/24 ALARM QUTPUT
b e 50317 1S ON
W Y RESET INPUT =
& 60Hz INPUT
- ALl ALARM INPUT (HRS) c
B.C.D. SWITCHES = .". = T _| Vss
ALARM INPUT (MINS)
10 s Hrs. H AN — _I Voo
10°s Mins Mins R
{T‘L‘I T00kHz
B. C D OUTPUTS AM/PM INPUT
010203 0405060708 _ i

F let‘
N

SELECT C—R SUCH THAT
INTERNAL MULTIPLEX
CLOCK IS AT 100kHz. APPRQX:

' SUGGESTED VALUES,
C=150 TO 300pF
R=47k

N

1N914/1NATAC

BCD TO 7 SEG

| DISPLAY ANODE DRIVE BUFFERS |
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the alarm time can be hard-wired to
switch at the same time each day. A
simple switch could be added to give
for example alarm times at 1400 or
1430 or 1500 and 2200 or 2230 or
2300, (some of you might recognise
these alarm times from personal ex-
perience of trying to get a drink after
them). i

So far we have a chip to build a
commercial clock, a race timer, an
industrial time switch or a pub ‘time’
alarm. What else has it got? Well it
has BCD outputs and it is TTL com-
patible, the alarm outputs could be
changed by TTL. If you drive the
hours data into a simple adder, you
can make a world time clock to show
time in various time zones at the push
of a button. It can be a batch counter,
or an event counter. As the data and
control inputs are TTL compatible
external control signals can be easily
debounced using a 7474 or latching
bistable, this can be very important
in counting and race timings to en-
sure that only the first signal is accept-
ed and the bounces are ignored.
Possibly one of the best things that
could be done with this chip is to
hard-wire the alarm for 23.59, arrange
for the alarm to switch on a radio
tuner which is tuned into a station
giving GMT pips at midnight, make a
tone decoder to recognise the last of
the pips and use this to activate the
reset function. We now have a clock
that will automatically correct itself
to GMT time every night as long as it
is no more than a minute slow.

| am sure that most of you can
think up completely different app-
jications for such a chip, the compon-
ent diagram is shown as Fig. 1. The
EDC6052 (without alarm) and the
6051 {with alarm) are from Emihus
and should be available from their
distributors. The custom version of
the chip, the HEEC2 and the Digitro-
nic clocks and kits are available from
Bywood.

It is somewhat satisfying to know
that some of the people who read this
feature have taken ideas and applic-
ations and produced for themselves a
part time {in a couple of cases full
time} business producing specialised
custom-built units for non-electronics
people. It usually starts with building
something for a friend for just the
gost of the components, the friend
mentions it to someone else who
mentions it to someone else, etc and
eventually you are in the custom
electronics business.

In our electronics minded world
this can be a very interesting: business
as it is mostly design and construct-
ional work with very varied and various
applications. One of the outlets for
this type of business is in. display
advertising, just think of the number

of fiashing lights and ringing belis
units that you have seen at exhibitions
and in shops and offices and pubs and
even in the street outside offices.
Most of these are commissioned by an
advertising or publicity agency and are
made by small one or two man elect-
ronic firms, very often as a part-time/
hobby business.

With this in mind and having men-
tioned the versatile clock chip above
we have come-across some beautiful
large seven segment displays. They are
made in Japan by ltcka and come in
21", 6" or 10" digits, the 10" is a
standard item but to special order
only. The 2% and 5" are now
stocked by Walter Scott Industries
and Bywood. The construction of the
smaller digit is a single filament lamp
set into a very efficient white reflector
with a strip lens at the front. Seven
such units are set into a metal casing
in a seven segment format, the casing
is intended for mounting into a cutout
in a display panel. The smaller digit
is visible at 40 yards and the 5’ at
about 100 yards making them ideal
for large advertising signs or for timing
or data announcements at public halls
and arenas.

1f you haven’t got an application
for either of this months products
yourself or for your local sports,
racing or yachting club, how about
contacting the local advertising or
publicity agencies in the Yellow Pages -
the worst that they can do is to kick
you out of their offices but it could
suddenly become another source of
income.

REFERENCES

1. Bywood Electronics, 181 Ebbems
Road, Hemel Hempstead, Herts.

2. Emihus Microcomponents, 12-18
Queens Road, Weybridge.

3. Walter Scott Industries, 35 Maldén
Way, New Malden, Surrey.

4. Advertising Agencies - see your
local GPO Yellow Pages.

VAT CHANGES

The standard rate of VAT was reduced
from 10% to 8% just befors this issue
went to press.

Some advartisements state that 10%
should be added to all prices: this should
now read 8%.

Other advertisars quote VAT inclu-
sive prices: some have been corrected.
where VAT is included at 10%, ths
gorrect price can be derived by dividing
the total by S5 and subtracting that

- amount.

Magazines do not carry VAT and
therefore the cover prica of ETI remains
unchanged.

CT5001 OFFER

“The calculator chip offer In the August
_Issue has proved extremely Popular.
Fortunately morae than the original 500
are now avallable and readers who did
not 2pply, due to the small number may
do so bafore August 31st.
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BUILD THE

TREASURE

TRACER

METAL
LOCATOR

AS SEEN
ON BBC-1
& BBC-2

Genuine 5-silicon transistor circuit,
does not need a transistor radio
to operate.

-Incorporates unique varicap tuning
for extra stability.

Search head fitted with Faraday
screen to eliminate capacitive
effects.

® | oudspeaker or earphone operation

{both supplied),

® Britain’s best selling metal iocator

kit.

Kit can be built in two hours
using only soldering iron, screw-
driver, pliers and side-cuttars.
Excellent sensitivity and stability.
Kit absolutely complete including
drilled, tinned, fibreglass p.c.
board with components siting
printed on.

Complete after sales service.
Weighs only 220z; handle knocks
down to 17" for transport.

Send stamped, seif-addressed envelope

for literature.

£9.80

Plus 78p VAT
Plus 45p P&P

Complete kit
with pre-built
search coil

Built, tested 1
e e 21375
Guaranteed -
Plus £1.10 VAT
Plus 45p P&P

South Africa, Rhodesia efc:
Send £13.00 for kit, £16.95
built, both include Air Mail. -

MINIKITS ELECTRONICS,

35d Langley Drive, Wanstead,
LONDON E11 2LN

(Mail order only)
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U.KS LARG
DEVICES.

ESTRANGE OF BRANDED AND GUARANTEED

(Quantity Discounts 10% 12+, 15%25+, 20%100+)
(Any one typa except whars quantity discounts shew) Min Order £1.00 please, Pest10p.

INTEGRATED CIRCUITS

VERY IMPORTANT. ONLY branded 1.C's are to the FULL manulacturers specif-
cations. ALL others are nuli:cearly'l s8i1 anly branded inlegrated Clrcuits . . . From

TEXKAS ... LT.T....FA

LD ... SIGNETICS. So why buy sitemnatives of

under spec. devices when you can purchase the genuine article fzom us—ex stoch. . .

nead wa say morel

Trpe 11112428 30199
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£p &p Lo Ly fp Ep
SHTHEN 134 1-11 112 SNMIGN 108 90 + 30
NT430N - 3 | SN7416ZN 208 193 252
NIGSIN  +28 9 | SN7TSSN 144 184 11
NM4IZN 2 13 N741 zZNIN IR
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ENT4N 199 (2] SN741 TS 110 1-79 113
N74100N 3 09 | SN7418N 144 144 128
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SNI4103N oM 948 | SNTAIRON T T U128
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SNt 887 50 N7413ZM 144 144 1:28
SNI4tiIN 008 " N7SISEN 216 215909
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ND O.E.M. PRICES PHONE (01) 73 3846. PRICING OF
CALCULATED QN THE T
HIGH POW:

OTAL NUMBER DRDERED
N4 . . ow WER

16PINT,.97p. BPIN... t4p.

AAZ213 10p | BC132 12p
ACt07 ¥p | BCY3Z ¥5p
ACIZE 20a | BCY3S 106
ACIS? Mp! BCYSS 230
ACY{? 35p | BCYTD 1%5p
ACYIS ®p | BCY71 2p
AD14s Sop | BCY?Z 1dp
ADIST 3p | BOIM Fop
AO52 Jp | BD131
AF1IT 2p | BF1IS 2p
AF11Y $p| BF180 Dp
flap 3p 194 13
AF1gt 4ip| BFX13 B
AF239 4p | BEX34 35p
ASY27 Mp | BfX33 Fip
BAl11S tp | BF 00
BAX13 3p| BFYSI 20
BC107 Sp | BFYS4 45p
BC18 g | BFYRO T8p
109t aLyY3s ¢
4p | BSX20 13p
BC113 18p| BT 220
BCI4T BY100 13p
BC109C 14 | BY127 15p

A SELECTION FOR FULL LIST SEND FOR
BOOKLET 36 TOOAY.

BYZ13 3p | OCI6 ®p
CIQ8D §5p | OCH  1dp
GET11) 53 | QC4s  18p
&GET115 ¥p | OCH1  15p
EET800 $ip |[OCT? Bp
LM30PK ocT!

ZTX108 10p | INITI4
ZTX.

QCss  Ip Mp

25p | OCIG $5p | NFET 45p | INST1ZC 139

MJE30 B0p | OCTIC 23p | 2N1132 29p | 2NET1 Mo
oCe0Y 2N1304

Q202
TSp | OCPT1 104
MPF10S d8p | .ORPiR 3Sp | 2NRVAT TSp
e | 2 |pes 1
QAS m TiL208 S: ZNX33 Bhp | KAE2  Mp

TIPRIA d8p L3
OA200 #p | TIPJCA 58p | ZN3USS 43p | 4045 TS

TRIACS 235 Deaisciee

SILICON CONTROLLEDP

RECTIFIERS
TDTNET R e
P:':: SCeE 800y £193 A M E LY. a0
Type P.LV. Kach ;-.’c:o':'&f:?u Ezg %g:: m ﬁ
k 1
35038 200 mp | SCWB oov £145 GRS 1/40AF &ov asp
2550 dor W doov &0 CRS 1[60AF 00V sip
SCIBE 500w £1°20 Tscmm“:”' B THREE AMP (TMD ot
& AMP RANGE CRS 3/10AF 1o aap
SC0A 100v  dep | Admitions Tyses SRS oar 200v 4p
EmE mISONE . | siime . B i
SC40E 300v £1-59 | 40869 TRIAC nv:smr
e ‘P'“"c‘) "p CRS 5400 4007 ®p
1A ANGE | 40438 TRIA
SCaSA 100v K148 o) mp | SEYER AMP M o
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To4s Tois CRS 7/800 . 800w "y
SIXTEEN AMP (Toe)
: 190v 1
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CRS 161400 o 50
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Hentry's i

EDGWARE ROAD, W2

EASY TO BUILD KITS BY AMTRON

— Everything supplied
Model No.
310 Radio control receiver 3.28
300 é-channel RIC tranemitter 681"
348 Superhet RIC recsiver 6.81
85 Simple transistors testar 1.8
115 2 watt Amplifier 4.50
120 12 watt amplifiar 4.73
123 Stereo control unit 8.09
130 Mono contred unit 4.18
603 Power zupply for 119 5-31
610 Power supply tor 120 5-31
615 Power supply tor 2 x 120 6.-54
230 AM/FM aerial amptifier 3.29
Auto packing light 8-90
205 Mic. preamolifier 6-88
5705 LF generator 10Hz-1mHz 21-45
3755 Sq. wave gonarator 20Hz-20Khe £19-7

560 SWR matar 9.47
830 STAB Powor supply 6-12v 0-250-1A 9-24
6% DC motor speed &w. 3.3

700 Electronic Chaffinch 700
760 Acoustlc swiich 12.57
THO Metal Detactor (elecirenics only) 10-81.
7% Capacitive Burglar alarm 7-92
835 Gutlor preamp, 4.90
B4) Defay car alarm 809
873 CAP. Discharoe tgnition for car engine
{-¥e Earth} 13.69

-89 Scope Calibrator 2-05
255 Leval indicator 8.98
525 120-160mHz VMF timer 11.31.
Ti5 Photo cell switch 8-97
795 Elactronic continuity tesler 4.97

Phota timer 1551
235 Acoustic Alarm for driver 8.61
485 Quariz XTAL checher 2.90
MULLARD FM MODULES ’
LP1 186 Tuning Heart Mocdhde
LP) 185 F Modute complete with data. Price €£9-00 pair

MODULE

FM 5231 12V £M Tunar £7.95
.S04812 Stereo Decoder £7.95
SF82H 6V Starea FM Tuner 1498

ALL KiTS OFFERED SUSJECT TO STOCK AVAILABILITY
Pripes oocrect 8t Ume of preperstion. Bubject to change

T —— e —— |
EXCLUSIVE SPECIAL OFFERS

WW/LW CAR RADIO

» or — Earth writh speshery and fulngs. C8-B0 cartipsckg I0p

B TRACK CAR STEANO

- Eavth} with speakers. in pods end fixings £12-00 can/pachg 400

FREE BOOKLET
All types of
Transistors
Rectifiers-Bridges
SCR’s — Triacs
integrated Circuits
F.E.T.—Light Devices

OVER 1500 DIFFERENT DEVICES
ENTIRELY NEW 1974 EDITION
More Devices ° % New Prices

% New Ranges %

This is a must for all Seml-conductor
Users. (Ask for booklet No. 36.)
SEND FOR YOUR FREE COPY TODAY

TBAMNS 5 WATT.IC STre R
V:V'IISP; eircvits and dals g:zs(l?‘ag,s?:'ﬁ‘c zgg
Kit with_printed circuit | 3P 8 an

panel £2-70.
AlL  KITS AVAILABLE | UHrascnic Transducers
FROM STOCK Operate at 40Khz up to 100
yds. ideat remote pwitch-
= ing and signalling.” Com-
plete with data iransmitiar
BTt and receiver new |.C
'&f circuits. Fer pair £5-90.

TARED with ancket £1.|
Sinctair 1E12 3 e

with circults ond data. &
walt IC  with printed
circuil  board. 28 wolt.
operated. £2-00.

= T

ol ICINF T SER.

LC. sie co | with
data price £1.70 each
TINEH tC {digital clock circuins raf.
Integraled circuit radio as | Vo 31. 159}

featured by many maga-
zines (PW Jan. 73 Reprinl

LD
22p per 10

Rel. No:191or 10p). £1-28. 24p aach

Sirclak Ot

Sterec pre-amplifier - for use with most small ampli-
fiars. Enclusive offe: £8+

PP% Eliminator Kit
Comptata module kit 3V 100mA output.  £1-85p & p 26p

PONTABLE SBATTERY CASSETTE TAPE PLAYER £r-as

CAR LIGHTEA MU AND ADAPTOR

Ext 3il caxsane snd ok 6/7 173 volt output Istate wichh)  £1-86 sech

NOTEL STEREOPHONES

AMA30 €414

]HEI0 E.90

RH700 €1e-28

HOTEL RA1Q

15+ ¥5 watt Stereo Amplifier tLint [52-000 3882
fasu=ac)

S16T90 CEEBHTS FICORGY P08 can/pacsg 50D

Pt %M microphones tu-98 carrpackg 20p

Ratterr/Maing Cassaue Recorder o278

FOATALLE CASSETTE TAPE

Py — 10t Gl F Gty £2.28 car/packg 20p
HAMRSIAX POCKEY CALCUAATOR WITH KEY [+ % ]
HANTMAX BC11M

Memory Version £33-7%
YBCB07 % ker £22.98
*BCMBSO % kary and mamory . L3388
“MAINS UNIT £3-28 wxtre

niol o PLATER 24
227 wwits Complere with speshars. IList [54-501 Price £39.03
Phrs fme osie of sveo phones.

NEW MANGES
BRIDGE RECTIFIERS
FEATURES SMALL SIZE AND LOW COST. Sizes are

YOURSELF APOCKET C

A complste ki, packaged in a poly-
styrene contasiner and laking about
3 hours to assemble—thats the Sinclair
Cambridge pocket calculsler from
Hanry's. Some ol the many features
include interface chip. Ihick-fiilm
fesistor pack. printed circuit board,
electronit components pach.  Size
4" tong x T~ wide x 37 deep.

Free ot charge with the kit fer the more
advanced technologist is a 3R-page
booklat explaining how to cafculsts
Loge, Tangenta, Sines etc.

SPECIAL OFFER £13.80 + VAT.

Algo availebls assembied ready fo use £19.95 + VAT,

approximals.
250MiA Q“Q'J\f" Mil.r 232 AMPS ’5'&-"' .
BA25/05 » 3 P
B3io TPl 1l | B0 00 am B ALL POST PAID LESS THAN
Fa3x¢§" o, B2/20 200v 45p ]
ekl it Bo/so s = REC, PRICES COMPLETE WITH
y Py Priceca. | B0 tocor o | BRARY.CASESHatoriSilE tor
805 5w p | iz &° din. 60 £190 £180
;g el e e cw 0D | e
R gg: g: B4I00 100 ssp | C120 £162 | £315 | £50 | €215
Hx il z &~ ols. 5% mm ::: Quantity and trade enquiries invited.
1AMP PV, . B4/800 #0v TSp | LEARN A LANGUAGE—complete with phrese book.
B SOv 250 | pepop  800v  £100 | German—Franch—Spanish—hallan £1-3% per courss.
g:m m g: il s 4" dia. &5 for any 4.
8160 S00v p LV
iH T 1A dia. 5 AMPS P.LV.
ML L s"° " e | A SELECTION OF
m}g‘ wsg" g: 8¢ 2000 ..‘?2 INTERESTING ITEMS g
140 = P
wg $ g: 8580 000 £1:% § c3025 Compact transistor 18star 8-95p&p 150
o rubut THx L x & din Q4002  Photostectric System £13.70p8& p 15p
bxt w E1310  Stereo mag cart praamp. 380585260
asiphane telephons am) F BSlpSplcp
; AR prices corrett st | 530" roirn Win PU coi £4.96p & p 20p
‘F-. 10% YAT LL1 Door Intercomm. and chime B-40p & p25p
te be added to ol 9* Twin spring unit  For 3-30p&p1s5p
md WK ) 16” Twin spring unit  Reverbs 8-85p&pitp
jou orders oaly ¥
VHF 105 Aircraft band comector 4.50p&p tEp
Export & UK 82005 4 Ch. mic. mmer 4.20p&p 150
. Mangfacturers 820004 2 ch. Stereo mixes 6.786p&pibp
E &0 E PK3 Kit £1ch your own printed crcuits 1-98p & p20p
ZENER DIODES SILCON RECTIFERS.
Eh?lcwgnuvms ngo mfvw BZYBA/BZX83. From 3.3 voit = § 1 amp serics INADDY to INSOOT From Bp
33 voltz 10p each, each 1.5 amp.
1.3 watts §% Ministure Tubuisrs 184700 || PLA0OT to PLACOT From Bpmach
PURPOSE sarien. From 3.3 volt - 33 voit 18p asch, 3 amp PLIGOV/ING400 From Tap each.
See facing page 10 wants stnd Mounting. ZS sares 6.8 [ Sendfor
for addresses volts ~ 100 volts 5% 40p sach. full st 36
r —_ e




Now built and used by lhausands
of satisfied customers. Features
siim design overall size in cabinet
15;:"x21"x6% 6-iC’s. 10 transistars,
slabilisers Gardners low fiefd
franslormer. Fibre Glass PC
Panel, complefe chassis work.
Now avaiiable buiil and fested as
ALITY
PRE
DOMINANT FEATURES DE-

VELOPED ¥  TEXAS EN-
GINEERS FOR P‘RFORMANCE
RELIABILITY AND QF
CONSTRUCTION. FACILIT!ES
Onloft switch Indicator. headphones sockel, separate treble,
bass. velume and balance controls. scratch and rumole
fiiters, monc/steren switch. input selector: Mag. P.
Radlo Tunar, Aux. Can be altered for Mic.. Tape. Tape-head.
etc. Constructional datails Aef No. 21 309 Distribuled by
Henry's Ifroughout UK.

FREE~Tesk cabinel with complete kit

KIT PRICE £28.50

1: VAT 50p cai f;ackmq) or built and testect £35.-00
{+VaT +50p cam, ackmg! as illustrared.

well as in kit form. HIGH QU
ANG  STABILITY ARE

DON'T RELY ON YOUR MEMORY

BUY NOW AT BARGAIN PRICES

Hi Fi and Transistors — Up to date
Brochures on request

BUILD THE

TEXAN

20 +4- 20 WATT IC
STEREO AMPLIFIER

As leatured by Praclical Wireless 1972

BUILD
THE NEW

HENELEC

STEREO FM TUNER

tuning. stablliser power “”é IC Decoder, high gain low nolse.
indicators. Tuning meter, AF

modern design with.flbre glass PC, teak cebinet elc. Availgble 23
ready buift. all size 8" x 23" x 8§".

Produced to give high parfnfman:e with a
realistic price. (Parts )ist and constructional
detalis Ref. No. 5 3p}. Henry's are sole dis-
tributors UK and Evrope.

Kit price

£21.00 (+ VAT)

EARN YOURSELF EASY MONEY,
WITH PORTABLE DISCO

OR BUILT AND TESTED £24.95 (+ VAT

A completaly new high subility sierec FM tuner. Features variable capacity diode

IF stages. LED

easy lo construct and use. Mains operaled. Slim

a kil to puild or

e

EQUIPMENT EXCLUSIVE DECCA KELLY HI-FI TAPE EQUIPMENT
0:3(:“?J MINI A complete oortabie disco, fited SPEAKERS S Eas el
mixerfpreamp. 2 decks all facilitles o 5 iscounts
As above but with Slider Cantrols £118-50 12 wart speaker Tweeter * ang desnonstrations
égo wa&n;ﬂ (|)rﬁer for abur\;e i = £49.50 systems. 8" Bass/Midrobe ' for callors.

watt mixen/amplifier wit Carlsbro reverberation unit £44-00 nd Melin m 1 K i
slider controls £69-00 Disco antl lcedback microohone £11.95 :":d de-h ex [I)O e 4 Lami;‘&ccf ,':: o
RS0 50 watt mixer/amplifier £49-50 Colt 150 “vait liquid wheel projactor £23.50 radiator plus cro'ss- % 1 "E?UP 3
o T el paes7.o0 150 watt Ui hqurd »heal projector £50.00 | over £12.50 per pair of 1 17). Phone
oisc ROCE e amp e enassts 150 walt QI cassette wheel projector £50-00 systems (carr/packg 40p} -11-402 4736 for
‘I“U‘(‘;‘RTHCOUHT £73.00 Spare EHects and liquid cassettes large ranga of TR o e ] Jarclay/Access

4 5 pattarns & 7 v Card. Direct
g& gg et ::::‘;::gm;: Sg’g 6" Liquid whoels £5-50 Various Casseites £6.00 cabinets. size 18x12x J orders and latest

d i A

DISCO MIXER/PREAMPLIFIERS g*;;';sggf‘g;::,{jﬂ,ﬁgg,;;gg;ﬂ £12.95 | ei"£19-50pair(car £7). prices.
(QF for up 10 6 100 watt amplifiers} : Bubbiamsster with ¥ gall. tiquid £22.50 *
sgﬂ'("".”' contiolsh Egg'sg MieriMisc/Spcakersilighting UK's (argest range.
] 0(5““;' contealsh M ; x FREE stock fist ref No 18 o request. JOSTY KITS TRANSISTORS/
DISCO YOX islider cantrais] the compleie AKG/Resio/D)/Carlabro/Eagls. Mice, Stancs, Mirars, -

Bii68550% ; £72:00 | Coiners Chassis A conpiete speaker systems. | NOW IN STOCK SEMICONDUCTORS
DA 100 wistt power amplitier for above £49.5C hones. t s Pablic Components. = i q %
DJ30L 3 channel 3kw sound to light £41:25 s it T Specialists in electronics for
::I):srl‘)ln;clm, As 301/1 1 +variabla speed e CERAMIC FILTERS L atest stock list more than 30 years. Trade and 5
OV Mk Nl {shider controis) £45.50 10,7 MHz Ceramic filters now in Ref 11 on request. industry supplies — avery type o

stock 40p per pair. component and equipment,

 MINIATURE AMPLlFIERS

AMPLIFIERS (carr. etc. 20p).
4-300, 0-3 watt 9 voit
104, 1 watt 9 volt
304. 3 wall 9 volt
555, 3 watl 12 valt
E1208. 5 watt 12 voit
808, 10 watt 24 volt
410, 10 watt 23 volt

POWER SUPPLIES
FOR EVERY
PURPOSE

(All cased unless stated chassis)

A70C B/7:/9 volt 300 MA (includes MuIlI-Adanlur for
£2-25 post 20p

Tape Recorders, etc.)

137 range speakers Ipost 2
each or 30p pair} < %
*1507C - 8 onms Twin Cone 10 watt £2.20
each or £4.00 pair.

*450 10 watt C/o Twin Tweeters 3. 8 or 15
ahms £3-B5.
EW 15 wart 8 ohms C/o Tweeter £5.28 each

LOW COST HI-FI SPEAKERS

EDGWARE ROAD, LONDON W2

RADIO
LIMITED

144 Burnt Osk

404-406 Electromc Components and Equipment 01-402 8381
309 PA - Disco - Lighting High Power Sound 01-723 6963

303 Bargains Store (Callers only)

Horne and Car Entertamnment Centies Londan and branches now gpen
120 Shattesbury Avenue. London YW1 01-437 9692

190-194 Station Road. Harrow. Middlesex 01-663 7788/9
354-356 Edgware Road. London W2 01-4G2 585474736

Broadway. Burnt Oak. Edgware 01-952 7402 Hi-Fi -

Eg% ;’3?;'.‘3;::‘2 voit Car Lighter Voilage Adaplors JmmA {State voltage g’S?Z‘#w’;i:”CJoTwanmSm150f1ms€7-80
RES00, 5 walt IC mains operated Amplifier with &v, Ty, &v) 195 ea. posl 25p 'Polislmd d cabinet £4.80 as -
controls £6-30 SC202 3/6(7319 volt 400mA £4.25 carr. 30p SRt S L
SACI4, 7 4 7 watt Stereo with controls £11.75 =,
SACIZ 15 4 15 walt Sterec with contrels £14.95 HC244R Stabilised verslon £5.60 can. 30 SPEAKER Kt‘rs (cam. stc. 35p)
SP40-5 2Z40/Stereo 80/PZS 25-00 v m £24 =
$P40-8 2240/Stereo BO/PZE £27.75 | FS008valtS0mA S dlposiz0n 4 b 0 watt F3a.08 peir
_?Psof zzsgizsaomo 80/f28 %g-gg P14 24 voit 500mA {chassis) £2.90 pos1 20p LINTON 2 20 watt £18-30 pair
ransformer . : 5 GLENDALE3 30 watt £32-95 pair
P15 2628 voit 1 amp {chassis) £2-90 post 20p DOVEDALE 3 50 wall £51-60 p
P1080 12v 1 amp (chassis) £4-70 post 20p KEF KK2 £85.00 pair
NEW SINCLAl R PROJECT 80 P10&1 45v 0-9 amp (chassiz) £7-80 post 20p .KEF i3 E18.00lail
F P12 43-12 volt 04-1 amp £7.15 past 30p 4
Pre Ampl 11.95 EQY
iﬂﬂ."nﬂ;uz;ﬁﬂ i:s.gs SE101A 3{6/9{12 volt 1 amp (Stab.) £12.76pos 250 | VEST EQUIPMENT ) OTHER EQUIPMENT
240 15 Watt amplifier £5.45 RP164 6{75/9]12 | amp (Stab.) £13.45 post 30p MULTIMETERS g ZZ;OB“Podtet TEqnal Inaecwr
-95 5 Cal
B o o o S0 Nt Ded
carr. It
PZ8 Mor_ (S Tab) 1 or 2 Z40 £7.08 | GARRARD BATTERY {112 20KNok _Slimfine_ E5.95, T2mHz £18.76 cor. 350 '"’%"
P28 Mod. (S Tab} 1 or 2 260 £7-98 TAPE DECK MZ10 {Case £1.25) 20KNait 28 Ranﬂe valve voltmetar
TRANSFORMER FOR PZ8 £3.95 Shisnline £6-75. TLH33D 2KVl : TE200 IZOkHzm
NEW FM TUNER £11.95 el gLHa) Robust £7-50. Aa:m {+IFBAF 500mHz RE_ Generator £18.95
BAEEEDLECODER €745 | rcoraipiay snd oscillas 5501, Sokent 1220, UA3 TS Bettio Gomer s £15-9% rore 400
All ffems post paid. Rl R P e udio Generator £19.95 carr. 40p.
5. 20Volt ‘AC current. Steel case SE350A Deluxe Signal Tracer
i and  rew:nd  controls. £10-50. U4341 Plus Built i m tran- £12-95 cam. 200 SE400 Vols/
Takes up to 4 spools. sistor taster £10 Modst 500 ohms/R-C sub/RF field/RF gen.
SPEC |AL PU RCH ASES Brand new complels e e Aok Y LT, £15.50 carr. 20p.
1 2 B its.
UHF TV TUNERS g% '
CHANNELS 21 TO 64 FIBRE OPTICS SHRERNESRER QE0RS
001 Diom. Mong Filament £5-50 par 100 metre reel The complete testing system price
Brand new transistorised 0-13 Diam_ 64 Fibres Sheatbed £1-00 per matre
geared tuners for 525 SPRAYS 15mm Diam. Mares Tsils £30-50 Volts AC = 11 ranges from 2¥ 1o 2500% £1 8 50
Line Receiver 1F output. x::gg;:z: ""‘J""";:‘ 'm"““:’z"v : F
£2.50 Post 20p TOP QUALITY MEAARRIOT TAPE Amg AC = lO:::::ﬁum mﬁox Accessories
PUSHBUTTON UMF TV TUNER SLIDER CONTROLS] . (wack MONG o 2 TRACK mfﬂg’”"'""’““‘"“‘”m""‘ E""““‘."Lﬁ;::;w 2:3
New purchase of 4 button L é ;om I8“7Me:m {”wn" Reactance = 1 range from 0 10 10MQ Amocismp £11.95
i = 3 3 A Copacity = fl ranpes from 0 10 SO00F Temperature probe 1195
trans}stonsed UHF tuners £3.50 post 20p ;D-v:vozum-;?ﬂu‘ ?,Sbl“'f'fq"' :suo. “ wleu o % fmnca e L g“:mm [Hhss
3 Jeg. Erase low im: EO0000F ign Injettor £6.96
All types offered subjoct to availability. Prices corract ot 489 ca: o Ve e R 53 Fraguancy = z:mmowwﬂﬂx Phase Sequence £5.95
time of proof. Subject to change without notice. E. & 50K 100K, 250K, 65p each. ' (nadll andhu;(:w 9 e :_E;:.,"m £5.95
f {CQuantity di nf l -+ Com- 1! 1 2800V e
O E.10% VAT to be added 1o all orders. Expant supplied. || (Guantiy SO b ivom, e 16y i 3mmwmh?m-zn‘: + 7048 25/50/1004 £4.50 exch

All mail to
303 Edgware Road.
London W2 18W

Ail stores open 8 am to
& pm six days a week

- Tape Equipment

Discounl Stock List
Free at alf stores
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DIODE TESTER

This 3 a diode tester with light emifting diodes.

If we change the polarity of the diode under test the
appropriate LED will light.

If both of the LEDs go on, this means that the diode
is shorted. : .

If neither light, this means that the diode under
test iS open circuit.

CAR WARNING FLASHER SYSTEM

’ LH
.;{

1 FLASHER
SWITCH

FLASHER
umT

Ex 15TING
RNING
LAMP

EMERGENCY
WARNING
LAMP

PGNITION
WITCH

‘|

SUPPLY oy ]
{FR0 FUSE B0

OS SITIVE | RTH-

SYSTEMS

Stais fitted between the ignition supply and flasher unit
and S1b between flasher wadrning lamp terminal and
warnmg lamp so that with S1 in the off posmon the

system is normal, When 51 is 0n, the flasher is supplued.

from an ihdependent supply, o0 as to operate with the
;gmtlon off, and RL1 coil is connected to the flasher
warning lamp terminal.

Now when the flasher switch is put in thé LEFT
position, the left hand lamps will flash and at the same
time RL1 will be energised, so lighting the right hand
lamps through RL1 contacts. The existing warning
lamp will tight under normal conditions but the lamp
across RL1 coil will flash with the emérgency system in
use. D1 provides a path for the back e.m.f. to protect
the contacts in the fiasher unit.

The bulbs should be 12V, 2.2W types.

PLL AM RECEIVER

CuJ:_= o : éy-L éaj- ].
1000 T _:[

5 ¢

. ]:
Cy

1—-—!?"—*,
$
Input R,:'

g LT
T output

i1 is possible to construct a simple d.m. recéiver using a
single off-the- shelf phase-locked-loop integrated circuit,
together with a few external components. A major
advantage of this approach is that no tuning coils are
needed. Sensitivity can be lmproved with the addition
of a wide-band r.f. amplifiér front end, but it is import-
ant that the input of the phase- -locked-loop shouid not
exceed 0.5V r.m.s.

In the circuit the phase'locked=loop is locked to the
incoming amplitude modulated carrier and the voltage
controlled oscillator signal. The amplitude of the
dernodulated signal at the output is a function of the
phase relationship between the carrier and the locat
oscillator, being a minimum when the two are in quad-
rature and a maximum when either an in-phase or 180°
degree out-of-phase condition exists. As the phase-
locked-loop will always lock onto the input signal with
a constant 900 phase error, it is necessary to add a 90°
phase shift to compensate {CyRy).

For a receiver intended for use in the medium wave
band from 550kHz to 1.6MHz, the 900 phase shift is set
to be correct at the geometric mean of the frequency
limits (=0.94MHz). Assuming a value of 3k} for Ry,
Cy is then:

1 Gt S
= —=——== =135pF
0.94 x 106

The low-pass filter. for the.loop, CL, is non-critical in
this application since no information is belng derived
from the loop error. ltis only necessary to ensure loop
stability. A value of 10nF was found to be perfectly
satisfactory for this component.

Tuning is accomplished by setting the voltage con®
trolled oscillator frequency to the frequency to be
received. .lgnoring the tuning potentiometer for a
moment, the voltagé controlled oscillator frequency is
set by Cgq and is determined by the formula:
300pF

;CQ=
- f
where fg is in MHz,
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ETI is prapared to consider circuits or ideas submitted
by readers for this page. All items usad will be paid
for. Drawmgl should be as clear as possible and the

text should prafsrnbly be typed. Cmu.uts must not be
subject to copyright. Items for consideration should
be sent to the Editor, Eiectronms Today international
38 Ebury Street London SW1W OLW.

Fine tuning can be achieved by varying the amount of ~

current flowing into or out of pin 6. When this current
is zero - corresponding to the potentiometer being set in
the centre of its travel - the voitage controlled oscillator
frequency is determined by Co. A value of 330pF will
set the frequency close to 0.94MHz, which is the centre
of the required tuning range. The resistor in series with
the potentiometer wiper is selected to provide the
desired tuning range - about 1.2k{2 when an 18V power
supply is employed.

Capacitor Cx js intended to roll-off the audio output
to provide the desired bandwidth and should be cal-
culated on the basis of an output resistance of 8k{2.
Qbviously the load resistance must also be taken into
account for this calculation.

The receiver requires a good earth, as mentioned
earlier, sensitivity is improved by a wide-band r.f.
amplifier.

Suvomitted by SDS Components Ltd, Hilsea Trading
Estate, Partsmouth who can supply the NE 8618 from
stack,

SIMPLE CROSSOVER ..

The construction of an inexpensive crossovef for improv:
ing the performance of a cheap loudspeaker need not be
compiicated. The crossover enables a tweeter to be
used; in the prototype an 8{) miniature speaker from a
pocket-type transistor radic was used, these make good
tweeters.

The crossover can be built using the 3(2 secondary of
asound output transformer from a scrap T.V, set, the
primary is left uneconnected. The capacitor is a 2uf
63V polyester {non-electrolytic type).

SIMPLE CURRENT LIM|TER

An extremely simple current limiter can be made using
the new National Semiconductor LM395K. This looks
like a power transistor, but is actually an IC which is
fully protected against thermal overload and excessive
current.

ELECTRONICS TODAY INTERNATIONAL—-SEPTEMBER 1974

The device can be used in the circuit shown with a
heat sink for limiting at just under 2A. No damage will
occur if no heat sink js employed, but if the device gets
really hot, the current will automatically fall to about
0.5A or less.

The case of the device is the emitter and not the
collector as in a normal power transistor.

if the base is disconnected from the collector and i§
retyrned to the emitter, the device will be switched off.

TEMPLATE AND HEAT SINKS FOR POWER
TRANSISTORS

_TO® HAT

MAIN BO! X ia L&

Power transistors similar to QC35, 28 etc., can be useful
even when there is a complete electrical breskdown.
They can be modified and utilized as either a power
transistor heat sink, or as a making out and drilling
template. Just remove the ‘top hat' part of the trans-
istor by squeezing it in the jaws of a vice.

The top hat should fully detach itself from the main
body and the main body can be modified further by
filing it fiat. Then remove the ceramic insulators and
base and emitter leads by pulling with a palr of pliers.
Little effort is required to do this.

REACTION COMPARATOR

The circuit above can be used as an independent arbiter
of which two pecple can throw a switch first. With both
switches off the circuit is completely open and so neither
bulb lights. 1f SW1 is made - even the tiniest fraction of
a second before SW2 - Q1 will conduct and LP1, acting
as the load, will light up. At the same time the voltage
at the collector of Q1 falls meaning that even if SW2 js
made there is insufficient bias current to drive Q2 on.

If SW2 i made first the converse is true. The bulb
should be 6V, 40mA or 60mA types, The transistors
‘can be almost any silicon NPN type (BC107 etc).
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If there’s a large cxpanse of white in the top right-hand corner of
this page, then that’s where you should be seeing a picture of my
re-shaped shack. However, a package of prints having gone astray
in the post and deadlines being as inflexible as the proverbial brick
wall, I am afraid that the official unveiling will have to await next
month’s offering.

The arrival of earlier sunset times means that the DXing season
is with us once again, and this is the time of Year when it is
relatively easy to add a good number of African countrics to one’s
log book 5o here’s a country by country run-down of what should
be audible given tolerably good conditions. It is, perhaps, as well
to say that it is a DX feature-writer’s nightmare that all the
stations he mentions will have changed frequency between the
time that an article is written and its appearance on the
bookstall. The frequencies mentioned were all in operation early
in July and should not have changed: however, if you siould find
that they have then, please, don’t write and tell me - I shall already
have discovered the fact for myself and will be cursing the
unknown people responsible for the alterations! Here then is
Part ] of a country-by-country guide to African DX:-

ALGERIA: The Radio of the Democrati¢c People’s Republic of
Algeria operates short-wave (SW) services in Arabic, French and
Kabyle on a bewildering number of frequencies, which appear to
change with ever-increasing frequency. An English service is
broadcast 1900-1930 GMT on 11910kHz and is directed to East
and West Africa and the Mediterranean area, but frequently audible
in the UK. g

ANGOLA: More than a dozen SW outlets are used-by various
radio organisations in Angola. Best heard is usually the Emisora
Oficial on 3375kHz from dusk until it closes at midnight, aithough
on Saturday night it runs until 0200, usually with a pleasant
programame of light music. A nice catch, but not easy, is the
Radio Clube de Cabinda on 5033kHz, whose 1kw is sometimes
heard until about 2300: Cabinda is the small enclave in Zaire
which forms part of Angola although geographically separate
from it.

ASCENSION ISLAND: Really just a question of being on the
right channel at the right time! The high-power outlets of the
B.B.C’s Atlantic Relay are located on the island. Try 9695kHz
carrying the special World Service programme for Africa and
signing-on at 1700. An alternative is 6005kHz which joins the
main World Service at 1645 GMT.

BOTSWANA: Not reported for some time in U.K! Best bet
is probably 3356kHz on Friday, Saturday or Sunday when it
signs-off at 2100 GMT.

BURUNDI: “La Voix de la Revolution” appears from time to
time through the strange noises which occupy 3300kHz. Best bet
for this hard-to-hear country is the missionary station, Radio
Cordac, recently heard on 4901kHz shortly before sign-off around
1930. Closes with a long vocal rendering of the Hallelujah Chorus -
a useful check on whether you really heard it.

CAMEROON: Fairly easy, although the regional station, Buea,
which uses English for much of its programming (on 3970kHz) has
recently been drowned out by Deutsche Welle using that channel
(and 3905kHz) for its German service to Africa around 2100. Try
now for Radio Yaounde on 4972.5 or Radio Garoua on 5010kHz:
Yaounde which closes at 2300 is said to have English programmes
but they have not been reported for some time; Garoua closes
at 2200. ]

CANARY ISLANDS: A relay station of RNE Madrid operates
here and you ought to have little difficulty in catching it signing-on
at 2000 on 15365kHz. ]

CAPE VERDE ISLANDS: Most regularly heard of the three
private radio stations is Radio Barlavento on 3931kHz: it’s listed

&8

Compiled by Alan Thompson

lkw often puts in a huge signal in late evening until it signs-off at
0100 GMT.

CENTRAL AFRICAN REPUBLIC: Only problem is to find
where Radio Bangui is at the moment as it is generally the
strongest African station on the 60 metre band. Listed frequency
is 5035 but it varics between about $033 and 5040kHz so
listen for the ID as “Radiodiffusion Nationale Centrafricaine”.

CHAD: Or Tchad - recently changed the name of its capital
to Ndjamana, and can bc heard with a potent signal on 4904.5kHz
from as early as 1800 GMT until 2230 or 2300 GMT.

COMORO ISLANDS: An infrequent visitor just before its
1930 sign-off on 3331kHz. A good catch for any DXer this one.

CONGO: You'd have to try hard to miss this one! A good
signal comes from the SkW transmitter of Radio Brazzaville on
4765kHz throughout the evening. It’s also worth trying 15190kHz
in the evening hours but the frequency varies.

DAHOMEY: When it’s good,it’s very very good .. .. The
transmitter is listed as 30kw on 4870kHz but reception is irregular.
EGYPT: Numerous Home Scrvices but easiest is English for

Europe 2145-2300 GMT usually on 98035 (try 9475 as an ajternative).

EQUATORIAL GUINEA: Two ways of catching this one.
Easicr is Radio Santa Isabel, 6250kHz, usuaily fairly good until
2300 sign-off, but beware of a clandestine station, Radio I bertacao;
varying around that frequency. Harder one is Radio Ecuatorial,
4926kHz, often not heard for long periods.

ETHIOPIA: ETLF, The Radio Voice of the Gospel, hasa
bewildering schedule in which frequencies and languages change
constantly. Try 7130kHz where it was recently reported with an
English programme from 1645-1710: failing that try on 9695 or
9705 for another English service 1755-1810.

GABON: 7270kHz ought to be the easiest channel as the 100kw
transmitter at Libreville is listed here; however, the channel tends
to be a pretty noisy one. 4777kHz is usually more reliable, most
evenings.

GAMBIA: Nice work if you can get Radio Banjul (formerly
Bathurst)! Only channel is 4820kHz and the progiamming is in
English and a variety of local tongues. It’s only 3.1kw so don’t
expect an S9 signal.

GHANA: If you can’t hear the Home Services on 4915 and
4980kHz in the mid-to late-evening there is something wrong with
your radio or antenna. On the international bands, you ought to
catch the English service to West Africa from 1400-221 5 last
feported on 6130kHz. Other English segments in that time slot
g0 out on 9760, 11850 and 15285kHz.

IVORY COAST: The last of the *Top Twenty™ in this
African Survey! Fasy on 11920kHz from dusk to 2400 signoff;
also on 4940kHz after 2200 GMT when Radio Kiev clears the
frequency for the night. One of the more easy-to-cnjoy African
stations with a nice blend of -African and Western music, Not too
easy to QSL though!

The second half of this round-up of African stations will
follow in the October issuc and then we’ll turn our attentions to
the Far Fast. Just in case it isn’t clear from the above notes, the
60 and 90 metre band channels are likely to be audible from
about 1800 right through until the South American stations start
10 occupy the band - usually around 2200. Times are, of course,
very approximate and on some evenings there is a “dead period™
when little African reception occurs for an hour ot two about
2000. Similary, South American stations vary greatly in the time
of fade-in: under good SA conditions they may start to appcar
about 2100 (or even earlier) but a more frequent time is in thé
2200-2300 ‘slot’. What’s & reasonable score on these 20
countries? Well, with average luck you ought to manage 12 of
them in average time in a month. To manage 15 is good, 18 is
excellent and the whole 20 - well, that’s luck!

ELECTRONICS TODAY INTERNATIONAL—SEPTEMBER 1974



SOLID STATE

DIGITRONIC I

———

= Reads: Hours, minutes, seconds.
+ Bright, ¢lear display.

< Nomoving parts.

= Executive styling.

= Solid state reliability,

The DIGITRONICID is available as-

KIT: il parts ate suppbed - ail you need provide (5 a sotdermg iran
ang g pair of eurters Complete mstrutlions sre provided ang
ad techochl depariment woll hely yoo through sdy problemy £2965

CLOCK: A comelete sun digit tomapiace, busit, rested and fully
Quarkntend 1ot 3 e vl £3365

STOPWATCH: 4 seven Gigi version ixhodes FAH0s wf seconds
an remqte Start/510p/7REM 1or competition limmg o} ez
bowis etc Works 23 a clock when so! in stopwarth mods

£5445

QUARTZ: fiuartz crystal accovecy los use when the maing
frequency is unstable or mot awaitsbly Can be supoing on
clock or stopwateh (nat kith at additonal charge

£9.85

BYii00o

The bear: of 1he D:GITROMIC iz 2 timy slsctsonic pachage cowtdming
thostdads of transitiors which divds the 50 cycles /satend mpiny
framwency irio praciss ww omits Tha clock “mavemgnt” i fact b
A9 MOvieQ Bt1s loweer sut or tDfick & tock o) hesn ¢v chick,

* Reads: Time, Date & Alarm.

+ Electronic "beep”alarm tone.

= Ten minute “snooze” feature.

2 Four year calendar.

@ Attractive “woodgrain” ¢ase.

TIME : Mows, minates & seconds. ae driglaytd on 3 bright. su drpt
display vnit with gn AM/PM méxaion.

DATE: Displayed imstead of 1nne loc 20w of evary 1D seconds for a0
demandl Month and oy ale shown oa lowt digils =g ar
sctomatically updated. pace sel (he clock will oniy reed any
adpsiment each Seap yoar

ALARM - An doctronc ‘beep” iy produces st spm (ime The alarm
om be orogrammed 1o aty meigete of Lhe day AML or P
A special smeore Iestere resers (he alarm o ten ingies
lor N rainy mocaing Ig-in,

The DIGITRONIC TIE
£46.50

Mail orders - lg\'WDI:lI:l ELECTRONKS. 18t Ebberns” Road.

Collers weicoma (2m from MY/MIG pesctiont Hemel Hempstead,
yment. Cach. Chagne, Arcess

4 S Hests. HP3 SRD.

VAY: ANl prices enckede VAT
Tal: G442 -62757.

—

l.Understand
electronics.

Step by step, we take you through

all the fundamentals of electronics

and show you how easily the sub-
ject can be mastered using our

‘ unigue Learna-Kit course.

%_o_q 01l (3)
#4, E'E?")

they work.

y .m .a]| (1) Build an oscilloscope.
Gy | (2)  Read, draw and understand
\LZiiE circuit diagrams.

Carry out over 40 experi-
o ments on basic electronic
circuits and see how

2.Become a
radio amateur.

Learn how to become a radio-
amateur in contact with the whole
world. We give skilled preparation
for the G.P.Q. licence:

' WAA
R G O S A S N S S A A S S R N S N D SR SN

Brochure, without obligation to°

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept ETX 94.
P.O. Box 156, Jersey, Channel Islands.

NAME e s L o i s

ADDRESS iy < . ’ =g Btock caps please [J
-_u-------_-'---------—-------_---n-g----
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NEW SPEAKERS

in the past ETI has given exceilent
reviews of the speakers made by
Acoustic Research. We have just
received news of two new models —
the AR-3a/improved and the AR-MST.
The AR-3a has been on the market
for seven years now and whilst even
by today’s standards it has excellent
performance, the makers have now
incorporated further developments.
Improvements are a reduction in
colouration in the mid-range crossover
region. A switch enables the output to
be tailored for either reverberant or
relatively damped rooms. Another
improvement has been to get rid of a

news digestac......

slight response irregularity in the
lower mid-frequency which was caused
by diffraction effects from the .
cabinets. Recommended retail price

is £110 including V.A.T.

A price has not yet been announ-
ced for the second speaker, the
AR-MST, but Mr. Farrow of Acoustic
Research speaking to ETI said it
would lie between the AR-6 and the
AR-2ax indicating about the £50
region. The AR-MST is shown on the
left in the photograph and is a
miniature version of the company'’s
LST.

LOW COST. TEMPERATURE
INDICATOR RANGE

A new British made temperature
indicator has recently been announ:
ced. The manufacturers claim a major
breakthrough in automated produc-
tion of low cost self adhesive
temperature indicator ‘labels’. Auto-

mated production techniques have
allowed a unit cost as low as 3.7p each
combined with an accuracy of better
than * 1%.

Under the brand name Hermet,
the range includes 41 separate temp-
erature ratings from 400C - 260°C.
They are available in bookmatch packs
of multiple increment ‘labels’, 5 incre-
ments to one label, or in single
increment tabs.

Because of their low cost, these
new indicators are expected to have
wide application in the laboratory, in
industry and in domestic use. For
instance, heatsinks can be tested for
temperature, this is difficult using
conventional methods,

When subjected to their rated
temperature, the indicators turn from
silver to jet black, this chemical
change being viewed through a clear
plastic window. The complete label
is self-adhesive and can easily be
fixed on to most clean, dry surfaces.
Once attached, the indicators can be
submerged in many water or oil-based
liquids without impairing their
accuracy,

‘Q" LATEST

Columbia have-just licensed Philips to
manufacture and market the SQ
guadraphonic system.

Prototype samples of Philips’ SQ
equipment were shown at the recent
Paris Festival du Son.

Meanwhile RCA have announced
the release of fifty CD-4 LP's “before
the end of 1974". Unlike RCA's
earlier CD4 releases, their new
4-channel LP’s will be marketed
specifically as discrete four-channel.

Although RCA still insist that their
CD-4 products will not be harmed by
playing on cheap mono players, deal-
ers invariably placed their ‘compatible’
recordings in the “four-channel” sect-
jons of their displays.

Other four-channel developments
include-news of a titanium Shibata
styius from Panasonic. JVC are also
understood to be working on a
ceramic CD-4 cartridge which should
be far cheaper than the present
magnetic devices.

LIFE OUT THERE

Another radio-astronomical search for
intelligent life within our Galaxy.
began on May 8.

Astronomers P. Feldman and
A. Bridie (York University, Ontario,
and Queen’s University, Kingston,
Ontario, respectively) will spend up to
two years using the 30 metre
Algonquin telescope monitoring
frequencies appropriate to emission
in water.

Previous efforts, such as Project
Ozma 15 years ago, concentrated on
searching hydrogen frequencies. The
rationale was that as hydrogen was the
most abundant element in the Universe
this would be the frequency chosen by
extraterrestrial intelligences for
communication.

However feeling is now growing
that any really intelligent lifeform
would |leave the hydrogen frequency
open because of its importance to
radio-astronomers — hence the
choice of water-related frequencies.

LASER FUSION SUCCESS

A major advance toward controlled

nuclear fusion was made last month
by KMS Industries Inc. {Ann Arbor,
Mich).

The company announced that they
had (four times) succeeded in obtain-
ing high energy neutrons from l|aser-
driven compression and heating of a
deuterium pellet.

As far as we are aware, this is the
first time that thermonuclear neutrons
have been produced by laser fusion.
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MAPLIN ELECTRONIC SUPPLIES -

P. O. Box 3, ﬁayleigh, Essex. Tel: Southend-on Sea {0702} 44101

VAT Please add 10% te the final total. ing
FREE inU.K. (15p handling charge on orders under £1)

Post and Packing

¥ SAME
‘DAY

SERSVICE

YNTHESISE

We shall be stocking all the parts for this sensational new E.T.l. design.
Send s.a.e. now for our detailed price list. {One available each month as the
parts are published.)

YOU SIMPLY MUST SEE OUR PRICES!

ORGAN BUILDERS

MES announce the very latest development in organ,

Circuitry.
THE DMO2

13 Master Frequencics on ONE tiny circuit board.
LOOK AT THESE AMAZING ADVANTAGES]
* 3 frequeacies from C8 to €9. * Each frequency
digitally derived from a SINGLE h.f. master osaliator,
*  [aitial lumn&rﬁn the WHOLE ORGAN: ONE
Si\iPLE ADJUSTMENT. +* Rciative tuning NEVER

Exterma! control allows instant mne-up
Lo mh:r muslcmlls & Ouipuls will directly dnive most
types of dividers including lh! SAJLI0. And cach
ouiput can also be used as a direct tone source. W Vari-
able DEPTH AND RATE teemulant opuonal extra
+  Cold- plau:d Plug-in _cdge :cnnuuon * Comﬁj{t:
fibre glass board
3-Tin. x 4.5in. % Very low power cmnumpkmn

* EXTRCMELY ECONOMICAL * Sae please
PRICE. & Rcady built. tesied | for full technical
and (ully guaeant: details, e
l[) 4“2)5" (with trzmulant) ONLY

1IMO2 (without Lremulanty £12-25.

Trade  enguiries
welcome.

SAl110 2stage frequency divider in one 14 ):lm DIL
chk-g: Sinc or square wave input allows ration
oM :llmosl any wype of master oscilistor m::lu ing the

when 97 notes are avaiable).
uuvpms mny be modified 10 saw-tooth by the addition
of a few components. SAJII0: £2-63 cz:h OR  special
price for pack of 12: £25 00. S.ac please for data sheer.

uare wave

WE KNOW YOU NEED
i T

The MES 1974 Catalogue
has gver 75 pages and is
STACKED with dozens of
tcmptmg new lines. BRIM-

real service NOW! Send
ONLY 25p for our beauti-
fully produced catalogue
and leave the rest to us!

'LINEAR I0s

MING OVER  with e
clear illustrations and 38p
detailed data.
WE'RE WAITING
To RUSH YOU CADME 18 pun DIL -89  SGI1i9D 13pm DL . ... _ 1270
LHOMXCTOS ......... 4435 SGeOIN l4pmDIL ... 148
A COPY. LMIEON (1pm DIL .....£132  wAMIC MpnDIL . sy
o M 13030 1400 DAL .. f139 BATITC 14 DIL - Ll.os
:,::ﬁ’“ Oubl'e p[()MSl-JrREEIS{EE[E) MCI3IOP :m DIL FANLY pATARC ¥ p:-DIL P P )
ordering system, EXCITED :Egg;‘; - ::; L’:?ﬁf&‘c’?ﬂa.i‘s;“ u’_;
by our BIG YALUE dis- MVRS. 120 ISVTO3 ___f160  ZNAI:TOIN 0.3
Cbl.lfll vouchers. STAG- NESAIR 16 pin BIL 14 48
GERED by our UNBEAT-
ABLE speed of service.
Take the first step towards

secureye

+dimmer

Electronic Ignition.... @3

Secureye helps to guard your home from the night
prowler or thief by switching on a light in a room
when you are out of the house during the hours of
darkness. It is designed to switch on the light as
darkness approaches and switch it off again when
dawn breaks. .

The ‘Secureye’ is very easily installed, directly replacing
flush or surface switches of similar pattern. No additional

wiring is involved. Just remove the old switch and replace
with Secureye. Fitting instructions included.

e

Secureye
Position.

£5.60

32

Turn to\ @]

operate Dimmer.

NS S T

WOCDSTOCK PHOTOSOUND LIMITED,
SQO High Street, Sutton, Surrey 016437277

Rec.Retail Price+VAT
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Betteronall points
Because you keep your points!

The SPARKRITE MK.2 is a full capacitive thischarge eiectronic system.
Specifically designad 1o rstain the points assembly  with all the
advantages and none of the disadventages. No misfire becauss contact
breaker bounce Is aliminated slactronically by a puise pir
tuppression eircuit which prevents the onit firing if the
points bounce open at high rpm. Contact bresker bum is
eliminated by reducing the current 1 about 1/50th of
norm, thus avoiding arcing. But you can still revert
to norrval ignition if need be. In seconds. !f points
90 {very unilkaly) you can get replacemants

ywhere. All thesa act g
®Fitted in 15 minutes. ®Up 1o 20% berter fuel
<onsumption, @!nstant all weather starting. ® Cleaner
plugs — they last S times [ongar without attention.
® Fatter acceleration. @ Fasiar top speeds.
® Coil andl battery {ast longer.@Efficient fual
burning with lets sir potlution.

The kit comprises
everything needed

Ready drilled scratch and rust resistant case,

matalwork, cables, coil connectors, printed
circuit board, top quality 5 yaar guaranteed
transformer and components, full
iNSTructiond to make positive or negative
earth system, and 6 page installation
instruction leatlet.

WE SAY IT iS THE BEST SYSTEM AT
ANY PRICE!

PRICES

D.l.¥. Kit only £10.93 incl. VAT andP & P

Ready Built Unir £13.86 incl. VAT snd P & P

{Both 1o {it a1 cars with cailfdistributor ignition up 10

8 cylinders).

We can supply uwhits for any petrol-engined vehicl: (boal,
motorcycle eic) with coil/contact breaker ignition
Details on request. Call in pad se¢ us for a demonsiratioo.

ELECTRONICS DESIGN ASSQCIATES
(Dept ETI 9) 82 Bath Street, Walsall WS1 3BE Phone 33652

Il



FOR FURTHER INFORMATION
PHONE: BOB EVANS._

R

s - AR A 7 (W S N - | ey ey LT

01-730-213% s
PRECISION
Pm.vcmaumgs CAPACITORS LOW TTL PRICES
340\{;:: I:IL'“J Range 1% !2’:6 5% {All devices Ex-stock}
1 1 1/8 x%") "0 3
FERR!C CHLORIDE 0.29,F {1 3,3:-:5@-)% ?GZQF 223 Bog 42‘; 1-30 30+
Anhydrous to Mil-spec in double- gfg‘-‘ﬁ H gjg_,'*i{?l")ﬁp 22uE B g-‘sm 55p " SN 7400 17p 15p
sealed packs. 1lb 55p (22p) 3ib DEiE (1 arane e ey P15 Fr08 SN 7404 17p 15p
£1.32 {30p) 10!b £3.85 (60p). ;J.sa,;r g‘x%") 80p ID.DpFE;.;)O S?g e1.;g SN 7410 17p 15p
4 “xhY S 3 5
7lb BARGAIN PARCELS 20 Gt gram o PR SN 7413 29 25p
Contain hundreds of resistors, swit- TANT:EL’J‘:;:;%Immﬁ?g;éﬁ:zgﬁa"ab‘e SN 7420 17p 16p
ches, capacitors, pot (all new) + 0.1.0.22,0.47. 1.0, 2.2, 4.7, 6.BpF at 15V/25V or 35V; SN 7473 38p 35p
crystals, transistor panels and loads 10.04F at 16V/20V or 25V; 22.0uF at 6V/10V or 16V,
of odds and ends. Only £1.82 {40p}. 2 curar v on By ey psIboCen) SN 7486 34p 32p
at eacl or p; far
VERSATILE POWER UNIT TRANSISTORS: SN 0 Son 62p
: ; - BC107/8/8 99 BC212/212L 140  BFYSD  20p SN 7393 7ip 62p
Contains double insulated mains tran- BC147/8/9 10p BCSA7 120 BFYS1 20p B 3
sformer, 2 amp thermal cut-out and BCISHB 12 BCSEA 12 BFYSZ 20 C 18 } 10p Qp
bridge rectifier.  Will give 1.7V— o Bl o, o e e L S All devices full spec. by leading
10.5V output with two extra cap- BC184/184L 120 AF178 30p manufacturers. 30+ prices apply

acitors {(provided}. Ideal for Nickel-
Cad charger, 5V TTL supply, cass-
ettes, radios, etc, Supplied complete
with information 95p (20p). Also
available as model garage woth famp,
switch, jack plug, etc, £1.35 (30p).

3W TAPE AMPLIFIERS

Polished wood cabinet 14 x 13 x 9
containing a sensitive (20UV) 4 valve
amplifier with tone and volume con-
trols, 3 watts output to the 7 x 4”3
speaker. Also included is a non-
standard tape deck, Supplied in
good working condition with circuit
Mains operated, £3.20 (£1.25), Amp-
lifier chassis complete and tested
{2xECC83, EL84, E280) and speaker
£2.20 (45p).

COMPUTER PANELS
3ibs assorted panels £1.10 (30p) 7lbs
£2.20 (40p). Pack containing at
least 500 components including at
least 50 transistors 66p (20p). 12
high guality panels with power tran-
sistors, trimpots, IC's, etc. £2.20
{30p} 100 for £13.00 (£1.00}. Trade
supplied.
ALL PRICES INCLUDE VAT;
Carriage in brackets, SAE list,
enguiries.
GREENWELD (ET2),51 Shirley
Park Road, Southampton, New
Retail Wholesale/Mail Order Pre-
mises. Tel. 0703 772501, Also
Retail shop at 38 Lower Addis:
combe Road, Croydon.

AERIAL BOOSTERS £3.30.
Can produce remarkable improvements oh
the picture and the sound in fringe or
difficult areas.
B11—For the VHF radio band.
B12—For the VHF television band.
Please state band T and 3 channels =
B45—Tunable owver the complete UHF
television range.
All boosters are complete with battery for
next to the set fitting.

PLUGS AND SOCKETS
CO-AX, Plug-6p, Surface Socket-7p. DIN
PLUGS, 2 Pin-15p, 3 Pin-15p, 5 Pin-15p.
JACK PLUGS, Standard-15p, 3.5mm-10p,
25mm-i0p. TOGGLE SWITCH S.P.S.T.
with on/off Plate-10p. P and P 10p.
ELECTRONIC MAILORDER LTD.

62, Bridge Street, Ramsbottom, Bury, Lancs.
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POPULAR DIGDES: All brand new and marked:

1NQ14 6p; 8 for 45p; 18 for 90p; INO16 8p; 6 for 45p.
14 for 90p. 1544 Sp; 11 tor 50p; 24 for £1.00. 1N4148
5p; 6 for 27p; 12 for 48p. LOW PRICE ZENER DIODES
400mW; Tol. £5% at 5mA. Values available: 3V: 3.6V:
47V;5.1V; 5.6V, 6.2V; 6.8V, 7.5V; 8.2v: 9.1V, 10V,
1IV; 12V; 13V; 13.5V; 15V 16V; 18V 20V; 22V; 24V;
27V 30V, All 3t Tp each: § for 39p; 14 for B4p. Special
Offer: 100 Zeners for £5.50. RESISTORS: High stabil-
ity, low noise carbon film 5%; %W a1 40°C; 1/3W 3t 700
€. E12 series only - from 2.2 to 2.2M§2. All at 1p each;

8p for 10 of any one value; 70p for 100 of any one value.

Special Pack: 10 of each value 2.251 10 2. 2ZMS2 (730 re-
sistors) £5.00. SILICON PLASTIC RECTIFIERS - 1.5A -
Brand new wire ended DO27: 100 P.LLV. 7 p {4/26pI]

400 P.1.V. —8p (4/30p) BOO P.1.V.~11p (4/42p) BRIDGE i

RECTIFIERS: 2%A 200V —-40p 350V—45p 600V—-55p.
SUBMINIATURE VERTICAL PRESETS - 0.1W only:
All a1 3p each: 10082, 22002, 47002, 680%2, 1k, 2.2k.
4.7k, 6Bk, 10k, 15k, 22k, 47k, 100k, M.
Please add t0p Post and Packing on sl orders below
£5.00. All export orders add cost of Sea/Airmail.
PLEASE ADD 10% VAT TO ORDERS
Pteass add 10% VAT to orders. Send S.AE. for lists of
additional ex-stock ltems Wholesale price lists available
to bona fide companis
MARCO TRADING £

Dept. T6, The Maltings, Station Road, WEM, Shropshire.

Tel: NANTWICH {Cheshire} 63291 {STD 0270}

{Prop:: Minicost Trading k1d.}

MAING UNITS fon

all types of
TRANSISTOR EOlJ/PMfﬂf

RUN YOUR TAPE RECORDER
OFF AC MAINS

Maine unit supplied -
complete and ready to

plug Into your cas-
setta-recorder. (Btate i
voltage, make and
type of plug requlred.
#f in doubt send dia-
Bum ot recorder

ON LY £2.97
CASSETTE OWNERS

BUY A BRITISH MADE BATTERY
ELIMINATOR FOR YOUR CAR

This unit enables you o' run Your
cassette tape recorder from the car
whilst travelling. It is easily fitted and
comes complete with fitting instructions.
Please state make of cassette voitage and
type of plug required.

PRICE £2.65
MAINS UNIT FOR
TRANSISTOR RADIO
ONLY
For alngle ontpats, 8v, Oy £2.42
For two stpatale outputs, 6y & Gv.
ERP °v. + O, £2.97 per unlt. (Plesse stato
cutpuis required).

Al unite are completely fsolated from mains by
donble wound transformer ¢nsuting 100% satety,
ALLPRICESINC VAT & P. & P,
British Made

full refund if not completely satisfied

R.CS. PRODUCTS (RADIO) LTD.
(Dept. ETH)

36 Raymond Ave., South Woodford

London, Ei8 2HG

\é:
X

to mixture of TTL types. Prices
include VAT. Minimum order
value £1.00. + 10p p&p.
CHILTERN ENGINEERING,
KINGWOOD,
HENLEY-ON-THAMES,

OXON, RG9 5NB.

HARDWARE

Screws, nuts washers etc.

Sheet sluminium cut to size or in
standard packs, plain or punched/
dritled to spec.

Printed circuit boards for published
designs or individual requirements,
one-off or small runs.

Fascia panels, dials, nameplates etc
in etched aluminium. 6p for detaiis.

Ramar:Constructor Services,
29 Shelbourns Road,
Stratford on Avon, Warwicks.

LABDRATORY CLEARANCE
Oscilloscopes, AF/RF  Oscillators,
Audio and General Test Equipment,
Tape Heads, Decks, Millivoltmeters,
Bridges, Sweep Generators, Etc. Ete.
Tel. Lower Beeding 236

BUILDING and PURCHASING an
AUDIO MIXER pre-amp, autofade,
V.U. or audio monitor, V.E. mixer,
driver or power supply etc. First
consult
PARTRIDGE ELECTRONICS

ref. ETI. 21-25, Hart Road, Benfleat;
Essax. established 23 yéars.
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RECRUITMENT DO YOU WANT PROFESSIONAL STATUS?
ESTEEEC L T e L e T T s e T e By

C.E.l. Part Il Course

TECHNICIANS AND ENGINEERS This course leads to Council of Engineering
institutions Examinations, Successful candi-
T. ALBANS AN TON . 2 :
FOR S S B LUTO dates achieve the academic requirements for
QUALIFIED OR NOT! membership of | .E.E. or |.E.R.E.
OPPORTUNITIES for challenging work on testing and Details of entrance requirements grants etc,
calibrating valve and solid-state electronic megsuring equip- for:this and other courses apply: ‘

ments embracing ali frequencies up to u.h.f. in Production, = t *
Service and Czlibration departments. Head of Electrical Engmee"ng Dept- Ref, C9,

APPLICATIONS are invited from people of all ages with MEdway & Maidstone College of TEChHOIOQV.
experience or formal training in electronics and from Ex- Chatham, Kent.
Services technicians.

HIGHLY COMPETITIVE SALARIES. negotiable and
backed by valuable fringe benefits. Overtime normally

available.

GENEROUS RE-LOCATION EXPENSES available in
most instances.

CONDITIONS excelient; free life assurance, pension
schemes, canteen, social club.

371 hour, 5-day, working week.

WRITE or phone for application forms quoting reference
ET1 748.

2V 8w,
FLUORESCENT

MARCON! INSTRUMENTS LTD,
Longacres, St. Albans, Heris

Tel: Si. Albans 59292

Luton Airport, Luton, Beds

Tel: Luton 33866

A GEC-Marconi Elecironics Company

You can build this reverse polarity proof light for use in homes,
garages, caravans, for camping, or emergency lighting.

Everything; tube, all metalwork, all components, P.C.8., instruct-
ions etc., is supplied.

Price only £3-19 e ¥AT
DIFFUSER ONLY *~ §9p extra inc. VAT

ORDER NOW TO -

ELECTRONICS DESIGN ASSOCIATES
82 Bath Street Walsall WS1 3DE
COMPONENTS AND P.C.B.’s Phone 33652
: Giass P.C.B.’s dritled and tinned -
: to your 1:1 master 20p per sq.in.
up to 4 sqg.in. @ 6p per sq.in.
above e Single glass board 2p -
per sq.in. @ P and P All orders
15p. VAT inclusive @ SAE for '
components_list. If you have no trouble obtaining ET! from your newsagent, that’s the obvious
FIBER [;lRCUlTS_. c/o Irchester place to get it. However five out of the last six issues have been sell-outs and
Post Office, Irchester, Northants. early analysis of the reader questionnaire has shown that one in three readers
} has trouble in buying ETI.
INDEX TO ADVERTISERS if you are one of those having trouble, why not take out a subscription?
Bt e ational S ikt " 33,43 Normally you receive your copy a few days before our official publication.
R R Note also that although the cover price of ETI is now 25p, we are not raising
B. H. Component Factors . . . . 58 our subscription rates for the time being.
Bl s iR =5 R iR5 T e TR Cut———&=ai—-———l
B s Sy o e To: SUBSCRIPTION DEPARTMENT
BPre:Pakabeir S S g s isly - O =-mee3d I O- |
T o o Ty ) ELECTRONICS TODAY INTERNATIONAL
L et . i Ty | 36 EBURY STREET, |
Chiltmead . . . . . . . . 36 | LONDON SW1W OLW. |
Dart e A O S 74 I
Pl Degan ol T | Please find enclosed £3.60 which includes postage (£4.00 overseas)
: ERRENICHGIS &\ o a1l st b e 33 | for my annual subscription to ETI starting with the next available |
B Heathkit . . . . . . . . . 9 [] issue. |
= HernrysRadio . . . . . . 6465
E MR ectronics. o .« .. | e (SRS |Name.......;................]
= Maplin Electronics . . . . . . 71 ’ I
Minikits . . . . . . ., . . 63 AddressPaTie = Cis RSl
BIU | ey e it s - T g | |
ERRLE 0 it i e e i 15
Richards Electrics . . . . . . 74 l i T B s ol i TG R e R R l
Sinclair Calculators | . . ., 16,17 | : |
Sinclair Project80 . . . . ., 4041 & ofs S 5 -
iore) et >X =" "RV el
Wilmslow Audic. . . . . . . 31 September 874 s N a  a T l
Woodstock Photosound . ., . . 71 Liiiir_,_.__._.___T;______.______.._____‘____é,_________,__l
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electro services

24 South Town, Dartmouth, Devon.
Telephone: Dartmouth 2967

SICK OF WAITING FOR COMPONENTS?
Try our express service (normally return-of-post)

RESISTORS (E24 Series)___ SCREWS,NUTS AND
W 5% Carhon Film ip WASHERS

8 2w 2% Metal Oxide 3¥:zp OBA 1Bsets 40p
21W 5% Wire-wound ap 2BA i 15p
5W 5% Wire-wound 10p 4BA P 10p

E W 5% Carbon Flim 1%zp 6BA o 13p

SEMICONDUCTORS,
BC107/8/9 11p 2N3054 54p 1N2006/7 12p
2N1302/3 18p 2N3055 57p 2N3773 £2.95
2N1304/5 21p 2N3702 13p 2N3819 34p

2N1306/7 22p 1N4001/2/3 Tp 2N3703/4/5/6/7
2N3053 24p 1N4004/5  9p

Full Range of 7400 Serles i,C."s avallable
CAPACITORS SILVER-MICA CAPACITORS
MF Vvolts Price 2.2pF to 820pF
1 100 1000pF to 1800pF

2,2 63 1.C. HOLDERS
4.7 35 8-way DIL
10 16 l4-way DIL

10 63 16-way DIL
22 35 =
100 CROC CLIPS

106 s Std. 42mim: 4p, Min.27mm 3p
220 VERO range of boards — PIN
p

470 insertions tool 78p, Spot

cutter 50p. 0.1 pIns/50 20
1000 25 24p 0.15/50—%09. pA%ss 2

ADD 10p for p&p PLUS 10% VAT
Send 20p for our illustrated catalogue containing
competitive prices and descriptions of hundreds
of components, accessories stc.

e ——
NO P&P CHARGE for UK orders.
Add 10p Handling charge for
orders under £2. Data, and cir-
cuits where appropriate, suppiied
with orders, or available separ-
ately {4%p stamp each). SINTEL |
53g Aston Street, Oxford.

AUGUST ETI/SINTEL CALCULATOR fl
CT5001 OFFER KEYBOARD AT 1
{open until 31st August) FLEX KEY 195K-6 %gfa
As new suppiies have become | Suitable for CT5001 OEIGIG

CIE)

J

TTOUNUOUguur

nasn

available, all orders should be | Available to order:
Circuits avaitable showling Digital Alarm Clock with
Radio turn-on using AikKS0250N with Minitrons, LED's
(Common Anode or Common Cathode) or SP352° s -
Supplied with any MK50250 order.
SPECIAL COMBINATION PRICES:
MK50250N with 4 Minitrons £10.00 {+8% VAT=£10.80)
with 6 Minitrons £12.00 (+8% VAT=£12.96
7-SEGMENT DISPLAYS S EEREEITI
M:mtron 3015F (8mm. Ht.) (Instructions supplied)
£1 (+8% VA (‘I' =£1.29) -A Low Cost, Reliable and FlexIbie
thrbmx DL;O7 o Way of making sockets for IC’s,
anode Red LED .3" RHD.Pt ‘(";Q,La{ff“ms")"gf':°f°1‘354°"
< s + p rip o pins
£1.70(+8% VAT=£1.83) 70p (+8% VAT=75p).

met. £6.00 (+8% VAT=£6.48) =——==1}
ALARM CLOCK IC £6.90 {+8% VAT=£7.45)
Send for prices of MK50250N with DL707R’s or
SP352's.
Slgnetlcs NES55V (555 Timer) 79p [+8% VAT=85p),
HA741C 37p (+8% VAT=39p).

LARGE * ATTRACTIVE sPas2 SP352 SP352 |

(used by Britains’s largest
manufacturers of digital
clocks) Continuous 7
segment planar gas discharge
displays. Attractive orange,
legible to 40 feet,

5P151

BECKMAN DIGITAL DISPLAYS

SP151 3Y:z diglt (.50"") clock module + am/pm
£7.20 + VAT = £7.92

S5P152 1Yz digit (.55"") ¢clock module
£4.00 + VAT = £4.40
SP352 2 digits (.55'") £4,00+ VAT = £4.40
SP332 2 digits (.33") £4.00 + VAT = £4.40

—rw

“RICHARDS ELECTRICS
ex-stock components

FULL DATA ON ALL DEVICES - SAE OR 'PHONE US
GUARANTEED SEMICONDUCTORS = FULL SPECT.,
BCIO7 [3p|BFY5| 18p PN3702 12p[25303 25p
BCIOB  12p|BSY9SA 9p [IN3704 12p[OA9I  9p
BCIO? 13p|C444 I3p [2N38I9 34p|IN9I4  6p
BCI82LB 12p[OCP7I 15p [IN3866 25p|IN4004  7p
BC2I2LB 13p|2NI711 30p N4058 14pliN4007 Iip,
40871/2%- RCA 10OV COMP. POWER [N FLAT PACK 7Spea
TIC44 - TEXAS 6O PIV -6A SCR IN TO-18 PACKAGE 37
40486- RCA 400 PIV 4A TRIAC IN T0-5 PACKAGE 60
N60O2 IOOPIV22A 49
Bl'ld gES (N7012 100PIV 4A osPP

Clock Chip CT7001::% £15.

We strongly advise use of our 28 pin dil socket-chipis MOS.
CT700I+4x3"LITRONIX DISPLAYS £I8;+6DISPLAYS £20
Automatic 28:30-31 day calendar ;noise &radio alarm;
snooze facility ; battery standby;12 or 24hr;4or 6 digit:
mferface for |ed dlsplay this must be the most versatile

MIN.TOGGLES errmdoIlySPST-35p SPDT-3Bp DPDT-42p
50W RMS Power Module superb spec.£9-25 or SAE 4 data.

all prices include VAT

ALL ORDERS INCLUDING 11p POST & PACKING TO
16 FRIAR STREET, WORCESTER WRI] 21Z1e! 0905-28550

CALLERS WELCOME AT OUR SHOP

T S AR e

‘BUILD OR BUY A

MICRO
ELECTRONIC
TRANSMITTER

FUN, SECURITY
ENTERTAINMENT,
etc. etc.

RECEIVE ON A VHF RADIO
The smallest Transmitter available in the U.K., only
2X1. Can pick up and transmit minute voices and
sounds, very sensitive. Range 55yds at least. Many
applications. Works almost anywhere in a drawer on
a shelf etc. To operate connect PP3 battery and tune
in V.H.F. radio. Completely self-contained, transis-
torised printed circuit. Battery life 40 hours con-
tinuous use. Fully guaranteed. Latest model now

supplied.

ASSEMBLED UNIT. . . . .£15.50
Kit with step-by-step assembly mstructlons .£11.50
If required Pocket Radio . . . . . . .£13.25
5BandPortable . . . . + . . . : .£16.25
5 Band Portable De-Luxe = i .£19.75

irisurance/P & P 45p. MAIL OR DER ONLY
MULHALL ELECTRONICS, (E.T}
Ardglass, Co. Down, UK, B730 7SF,
Tel. 039 684 461. .
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kits for the
audio enthusiast

Hi-Fi AMPLIFIER S0W
Spacifications
DOutput power (wlih 5% distértion):
50 W
Cutput power {with 1% distertion):
aow

Frequency range.
10-10.000 Hr £2 dB
Output impadance. 40
Input impedance: 1 ki1
Sensithvity: v £34.66

UK270

Specifications
Powsr supply: i5 ¥ DC, man.
Load resistance: 1]

Output power & W, paek
No | input sensitivity at 1000 Hz:
200 mV
Ne. 2 Input sensitivity at 1000 Hz:
230 mv
Frequancy responae:  50-15,000 Mz

No. 1 input smpedance at 1000 Hz:

150 ki)
No. 2 input impecarce at 1009 ::]
rasiigc £9.86
&
U K120

%

HI-FI AMP. 12W |

.""'T'\
l.- i
T — Specificatfons
Outpul pdwer 12 W, peak
Frequancy response: 26 20,000 Mz
Sencitneiry 7 mv
£5.20 impedance: LR

Power zupply: 24 VDG

UK 165

R.I.A.A. EQUALIZED
STEREQ PRE-AMPLIFIER
£5.83

UK 167 STEREQ PRE-AMP.

£7.68

KITS ALSO AVAILABLE BUT NOT ILLUSTRATED

TO R.ILA.A. or C.C.I1.R. STAND.

Sike
r.f;;z; s

UK 275

o i

MIKE
PRE-AMPLIFIER
Specifications

Power supply: Vv
Current drain; 5
Gain (et 1000 Hz):- 30
Input impedance: 10 -
Output impedance 15

55838

£7.68

UK e T
460 L )
F.M.SIGNAL - £2 %9 I & 4
GENERATOR

»

Specification
Power source: 9V battery, or In
connecrion 0 3 Pawer Svpply
Fiard centre fraquency signal:
10.7 MHE
Varisble trequency signal: 80 o 109
MHz, continuously adjustable
Fid {requency deviption: continuously
adjustable from © to 78 %Hz
AM depth:
tecdulation trequency
AM: 1000 Hz: FM: 400 Kz

0%

£19.96

=

TS
R 760
= ‘jf_ e - 2

ACCQUSTIC SWITCH

Specifications
Current drain: 3 10 30 mA
Bulb cyrrent drain: BO mA

Mike input senaitivity

3 pV st 1000 Wz
Inpyt impedance: 300 N
Excitation time constent ronge:
2 1 10 sect.

UK 175 HI-FI STEREO

PRE-AMP. WITH TONE CONT'S

£35.28
UK 160
I.C. AMPLIFIER 8W
£i2.71

Amglifcation (vp to 100 MHz): 8 dB
| Amplification (vp to 210 mHz): 3dB

| Input impedance: 50 10 300 11
Cutput Impedance: w750
Traniistor (1) BF125

UK

195

MINIATURE

AMPLIFIER 2W =

Spocifications

| Cutput power (et 12 ¥ DC):
Inpart zenzitivity. 100 v
fnput impedance: 200 ki1
| Cutpul impedance. 4

2w

uK127
NOISE
REDUCTION
UNIT

Specification
Powsr tupply: 12 VEC. through the

9
L]

oupLt conAector
Amplifier gain:
Ingut rmpedance: higher than 10 k)
Quipyt impaedance:
Jawer than or equal to 10 Kk}
sar. permizsible input signal:
Min_ input tignalt 50
Turmover frequercy: 2 kHz
Atlenuation characteristica
Frequency: 1 kHz 2 kHZ 4 kHz B kM1
10 kHz 20 kHr
Attenuation: 0dB 3d3 648 124B
1lags 2¢dl

UK 115

£4.95
UK 125

STEREO CONTROL UNIT.

£7.27

ALL PRICES INCLUDE V.A.T.
Trade Enquiries Invited

UK

230 =
AM/FM g
ANTENNA ;‘h .
AMPLIFIER ¥
Spacifications g
Power supply P15V OC

| Supply currenr: 5o 10 mA

Amplification {up 18 20 MHe): 20 48

£4.03 |

L

£10.51

HI-FI AMPLIFIER 8W

UK 142 4
TONE NS f
CONTROL e ;
UNIT B i

Specification

G-m at the centre frequency of 1000

Dda
Maxlmm atenuztion for basy and
trable Frequencies: 2048
Maximum beost for bevs and treble

frequencies: 2048
Maximum amplitude of nput signal:
Mazimum amplitude of Sl m;:

P v £7.68
UK s
550/3

K5 e

L.F. e
FREQUENCY
METER £25.38

O Hz to 100 WMy

UK
570/S 5

=
LOW FREQUENCY SIG.
| GEN'R. 10Hz to 1 MHz.
Speciflcation

Frequency renge

10 Hz te 80O kHr, a- follows:
=10t 100 Hz

210 =100 10 1000 Hz

x100 4 1 o [QkHe

plk=1

X105 100 Kke 0 200 kb £23.58

UK 110/A

STEREOQ AMP 5+5W
£12.71

UK 192

HI-FI STEREQ AMP 50+50W
£52.62

UK 765 MULTIPLE
STEREQ CON‘R. £364

—

AMTRON UK -4 & 7 CASTLE STREET - HASTINGS - SUSSEX - TELEPHONE HASTINGS (0424) 437875.
All Educational Enguiries to Phillip Harris Ltd., Ludgate Hill, Birmingham. Tel: 02 1-236 4041.



Over 150
ways to

engineer a ‘-

better future

SECURITY
find out how
in just 2 minutes

That’s how long it will take you to fill in the coupon. Mail
it to B.LLE.T. and we’ll send you full details and a free
book. B.I.E.T. has successfully trained thousands of men at
home - equipped them for higher pay and better, more inter-
esting jobs. We can do as much for YOU. A low-cost B.I.E.T.
home study course gets results fast - makes learning easier
and something to look forward to. There are no books to buy
and you can pay-as-you-learn.

"

Why not do the thing that really interests you? Without losing a
day’s pay, you could quietly turn yourself into something of an
expert. Complete the coupon (or write if you prefer not to cut the
page}. No obligation and nobody will call on you . . . but it could be
the best thing you ever did.

Others have done it, so can you

“Yesterday T reccived a letter from the Institution informing that my
application for Associate Membership had been approved. I can honestly
say that this has been the best value for money [ have ever obtained - a
view echocd by two colleagues who recently commenced the course” —
Student 1D.1.B., Yorks.

“Cowmpleting your course, meant going from a job I detested to a job
that I love, with unlimited prospects”.—Student J.A.Q. Dublin.

“My training with B.L.E.T. quickly changed my earning capacity and,
in the next few years, my earnings increased fourfold”.—Student
C.C.P., Bucks.

FIND OUT FOR YOURSELF

These letters — and there are many more on file at Aldermaston Court
— speak of the rewards that come to the man who has given himself
the specialised know-how employers seek. There's no surer way of
getting ahead or of opening up new opportunities for yourself. It
will cost you a stamp to find out how we can help you. Write to
B.I.E.T. Dept. BE180. Aldermaston Court, Reading RG7 4PF.

Practical Radio & Electronics
Certificate course includes a
learn while you build

3 transistor radio kit.
Everything you need to know
about Radio &
Electronics
maintenance and
repairs for a spare
time income and

‘ acareerfora

}‘ better future.
}{—— ==CUT OUT THIS COUPQNam s s s

Tick or state subject of interest
Post to address below. l

Man. Prod.—cont.  Gonstructional-cor’

I MECHANICAL

AM.S.E. (Mech.) 1 Quality Control [ Buil (o]
Boiler Inspect. Salesmanship [ Buoilding Drawing {J
& QOperation 00 Storekeeping 0O Build. Foreman [
I C& G Eng. Crafts 0 Work Study O Carpentry&Join. [
C& G Fabricat. [J] Works Civil & Mumcipal
I Eiesexln Eng. g B Management [J 2 Engneg{ml
3 ona
ng. Motallaey [ DRAUGHTSMANSHIP Copsiructional |
I .Eng. & Tech. 0 A-M.LE.D. O Construction DI
Inst. MotorInd. ([0 Design of Elec: Surveyors 0
Mainten. Eng. 3 . Machines O Institute
Mechanical Eng. [] Die & Press Tool Clerk of Works [
Sheet Metal Work [ _ Design O Council Eng- 0
elding [ Electrical Geology DI
;)I:‘]p,ught.sman- a Health Ene. m|
Heat & Vent. 0O
EETRonc " combrauens EESNES O]
NS feo) [ mamhlp, 0 I Sfpulers 5
Igscaecrn pathiody §lmsenes o
I C& G Elec_ Tech. [J RADIO & TELE- Fantdgshec. O
Computer Elect COMMUNICATIONS _ poadEngincer. O
S Mathal 8‘(’3‘1’%’1}'&; i Structural Eng. 0
Electronic Eng Elect.roxl:i)cs . a Surveying u
Electrical Eng. C & G Telecomm. l
' tall. & Wiring Pech. | GEN_ERAL
eters Prae, Rad, Elec. Agricultural Eqg E]l
' & Measuring (with kit) O CouncitofEnz > —
Instruments [J Radlo Amateurs Inst. [ )
Exam. O Farm Science 5]
I vanacementa  RAZiServicms O GeneralEducat. O
PRODUCTION & Re Gen. Piastics (&)
Auto. Control g Radlo&TV Eng. O Pract.Maths D'
Computer Prog. [] Lrans. Courge O Pract. Slide Ruls []
Electronic Data TV Main. & Serv. O Ptﬁgg‘sAppued DI
Frogeslng L AUTO & AERO Refrigeration
ES‘ pined Ll aero Eng. O Rubber Tech. E]]
ChESianS & ) U A MIMI O Sales Engineers [
Inst. Cost & Man AEC Cert. £l Tech. Report
mgccﬁunﬁanits U AutoEngineer. [ Writing Dl
L. Marketing O auto Repair 0 TimberTrade [}
Management O c&G Auto. Eng. [ Dniversity Ent. -
I Metrication O Garage
%Idot.o'r Trade Man. ] ement [J
etwork Plan. a IMIDipl. [
Numerical Cont. (] Motor Vehicle G.C.E.
O%ratlongl - Mechanics O
eSearc. S
gfrsoqnel Man. B iﬂcfs;ﬂgc(‘&o%L 58 ‘0’ & ‘A
anning - M.S5.E. =]
I Production . [J Architecture 0O Over 10.000
¥

including ONC, C & G. etc.

I Coaching for many major exams.

| BETTER TOMORROW

group passes

i
]
LEVELS SUBJECTS I
|
|

g To B.I E.T., Dept. BE150. _ON 'BE] o
I Aldermaston Court, Reading RG7 4PF I 3 I

I AL e AT " e & Ry I
Block Capitals Please
ADDRESS_ Lozl S i - I
OTHER SUBJECTS. - - — AGE l
Accredited by C.A.C.C. Member of A.B.C.C. g

BRITISH- INSTITUTE OF ENGINEERING TECHNOLOGY-
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