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Each £3 unit of Home Unit Insurance gives you protection up to the imit shown

This is the simplified insurance you have been waiting for. {or 4 units after the first) up to a maximum of five. So
Not just cover on the contents of your home but a simple. So easy. Apply to your Broker, Agent or local office.
package of personal protection you and your family need. of a General Accident company. —

And it's how we save you so much money: just ONE The Home Unit Policy can replace your existing insurances
policy to issue instead of nine! And remember~ as you buy more possessions just add
You can build up to the cover you need by additional units more Home Units at any time. Quote Ref. 20/9468

THE GENERAL ACCIDENT FIRE & [~~~ —————- .

|
Please send me further particulars of |
|
|

LIFE ASSURANGE CORPORATION LTD i the Home Unit insurance.

A
-

~|

Metropolitan House, 35 Victoria Avenue, | NaMe. oot :
Southend-on-Sea, Essex, SS2 6BT : AAArESS. ..o oo oo e I

7 - 7 - ' --------------- €8s ssemevtsitedssssantsanswe I
Ypays tobeprotected bya/General] : |
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Electronic Transistor
Complete kit

|gni1‘i0n £6°00 p.&p. Hp

Now In kit form, we offer this *‘'up-to-th
minute'* electronic Ignition system. Simple t
make, full Instructions supplied with thes:
outstanding features. Transistor and con-
ventional switchabllity, burglar proot lock-up
and automatic alarm, negative and positive
compatabllity.

These are 40W and 90V Sllicon Plastic Power

I,

80 Watt 35p
case |8 virtuaily unbreakable—ideal for the en - Please state NPN or PNP on order.

glneer's toolbox— only measures 3" x 5}” x 3”.

Ready bullt Eg g3 Complete
unit kit E] g3
only 0 o

High Speed Magnatic Counters 4 digit (non-
reset) 24V or 48V 4x 1 x1in 33p p & p 5p.

Takes three U.2 type batteries

Bargains in Semi-Conductors, Components Modules and Equipment

S all at
N
B78 4

INTEGRATED CIRCUITS \

SPECIAL BPP PAKS
Tested & Guaranteed

50p each

TN4007 Sil. Rec. dlodes.

3

1,000 PIV 1 amp. plastic

Reed Switches, 17 long {” dia. Highspeed P.O.

Bs1 |o Do

1 ]’"ﬂ.‘:‘ﬁ“"ﬁk'}" :‘;;.y latest doh.h“'|“.|".|bl' H3s |oo ;Ar::egnt:‘lgiz:’. Germ. Gold bonded, etc. Marked
i n or at the most shatteringly
Extens!on Telephones prices o: ."u "Im.. We Iht;“ b”‘?? “Irlt‘"a t'ho H33 3() Shortlead Translstors, NPN Silicon Planar types
y successfully In quantity to ali parts of t
tdead for toys T0p each P.aP. 25p. world and we are proud to offer them under % § Inisgrated circulls 4 gates BMC 962, 2 filp flops
our Tested and Guaranteed terms. BMS 945
New x Hatch Range 1. VCE. Min 18. H’FEuMln 1’5. H4l 9 BDI131/BD132 Compl tary Plastic Translst
G t Mk 2 :gw:g 225 ;;: ;‘og HE 4 :oaggeType NPN SIl. transistors 10O-5 can comp.-
)
enera or > Range 2. VCE. Min. 40, HFE Min 40 \ Hes 4 40362, Type PNP SII. transistors TO-5 can comp.
Essentlal for alignment of colour guns on all 1-12 1325 26-30 B\ to HES
colour T.V. recelvers. Featuring plug in iC's 40 Watt 30p 22p 28p \\
and a mora sensitive sync. pick-up clrcult. The 3p 3cp

\ Special Bai'gain Paks
\ (unmarked, untested)

,:‘ A 8 \ W:m-tock ll Iur(?a rnr;%o of I'(‘:)'-Tu't very c'ou:-l I 50 h
3 EF - = — petitive prices (from p each). ese are &
7 7 “= = ‘ﬂ.s.“‘ \ Ig-:ed in our FREE Catalogue, Bee coupon a'l at P eac
elow.
A\ .
m M 380 METRICATION CHARTS now avallable ‘1\ B so Germanium Transistors PNP, AF and RF
\ This fantastically detalled conversion calcul
AUDIO IC tor carrles thousands of classified references Bés |5 Germanium Diodes Min. glass type

Woe have just r ived a large | t of between metric and British (and U.S.A) . =

> LM380 IC's. These aia speclally selscted 1o a measurements of iength, area, volume, tiquid 883 200 Transistors, manufacturers’ rejects, AF, RF,'Sil.

measure, welghts etc.
Pocket Size 12p Wall Chart 18p

LOW COST DUEL IN LINE |.C. SOCKETS
14 pin type at 15p each | Now new low proflle
16 pin type at 17p each J type

gngher grade and are marked with the number.

B0745.
This fantastic lttle 3watt audio 1C only
requires two Itors and two potent t
to make an amplifier with volume and tone
control, The quality Is good and has to be
heard to be belleved.
dat:

Our 3
£ £110
pric €8 projocts book

i\ » -~ 1}' . o

ver 1,000,000

complate with

BOOKS
We have a large selection of Reference and
Technical Books In stock. Detalls are in our
latast Catalogue. Send for It TODAY, using
the coupon below. N.B. Books ara vold of

Send for lists of publications

in stock

Wae hold a very large range of fully marked,
tested and guaranteed transistors, power
transistors, diodes and rectiflers at very
coinpetitive prices. Please send for free
catalogue.

Our very popular 4p transistors

TYPE **A’* PNP Siiicon alloy, TO-5 can

TYPE *B"' PNP Sliicon, plastic encapsulation
TYPE **E’”” PNP Germanlum AF or Rl
TYPE *'F'* NPN Sllicon plastic encapsulation
TYPE "'G* NPN sllicon simllar ZTX 300 range

g inne. £1-00s
UHF TV Tuner Units

P& p2ip
Brand new by a famous
manufacturer £2.50

Data supplied

B.P.P. CATALOGUE

Our famous P1Pak

is still leading in val

Full of Short Lead Semico uctorﬁ Heectvonlc
Components, approx. 170. We guarantee at
least 30 really high ﬂ“my factory marked

t PNP & NPN, and a host of Dio

& Rectifiers mounted on Printed Clrcuit Panels..
identification Chart suppllied to olve somel¥
Information on the Transistors.

Pak P.1. B0p

e - 4 CIE)FIFT
TERMS OF BUSINESS
V.A.T. Prices'shown do not include V.A.T.

Please add 8% to totai value of your

orderincluding postage.No V.A.T.on
overseas orders.

POSTAGE Except where stated, add 15p for
postage & packing In U.K. Over-
seas—add &£1., any difference
belng charged or refunded.

PAYMENT Cash with order, Cheque or
money order. Minimum value—50p

Girpiibertd

\.

70 ﬁ"gel Ps"c‘:fd' with Sb;erﬂin’: Siz Z You can also pay by ACCESS.
“'* x 8. Send large S.A.E. with 6p =3 IMPORTANT—Eery efforf is made fo ensure
amp. accuracy of prices and description at time of
=== P preparlng this advertisement and going to press.
= — Prices are subject to alteration without notice.

BI-PRE-PAKLTD
. Co Reg No 820919
EEBRUARY 1975

Transistors , i

and Germ.

B84 |oo Silicon Diodes DO-7 glass equiv. to OAzoo'.
T 0A202 3

BsS |m Sil, Diodes sub. min. IN 914 and iN918types
’ #20 () BYIZEIT Type Shiicon Rectiflers T amp. plastic:
i Mixed volts
' H34 ls Power Translstors, PNP, Germ. NPN Slilcon

TO-3 Can
He7 |o 3819N Channel FET's plastic case type.

Stirling Sound Audio Modules

A new development by BI-PRE-PAK for en-
thusiasts who like building at keen prices.

SEE OUR LATEST CATALOGUE

A rev. counter for
your car

The “Tacho Block' enables you to turn any 0.1
mA meter into an accurate llnear rev. counter,
The block is encapsulated and easlly fitted into
any car with conventional coll ignition. Each

£1-00

To BI-PRE-PAK 222 West Rd., Westcliff-on-Sea,
Essex

Please send iatest B.P.P. Catal8gue. () enclose large S.A.E.
envelope with 6p stamp.}

Please send ............. g o more ekl 6 oo NN 659802

Enclosed £.....cccnivunes Inc. V.A.T. cheque/money ordef
(Write on more papefr if necessary)

I
i
I
I S S -
|
|
|
|

Dept.C. 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX.
TELEPHONE: SOUTHEND (0702) 46344,

385



COMPONENTS

HOBBYIST - AMATEUR - DOMESTIC - SURPLUS - INDUSTRIAL -
JUST A FEW OF OUR BARGAINS ARE LISTED BELOW - SEND
STAMPED ADDRESSED ENVELOPE FOR A QUOTE ON OTHER
REQUIREMENTS. THESE OFFERS APPLY ONLY TO MAIL ORDER
AND NOT SHOP SALES, UNLESS CURRENT MAGAZINE PRODUCED.

Goods sent at customer’s risk, uniess sufficient payment for insurance included (2p per £1 Min 5p) U.K. only.

VALVE BASES

Printed circuit B9A — B7G 4p
Chassis-B7 - B9G — B7G .. 4p
Shrouded chassis B7G — B9A 6p
B8A — B9A chassis — B12A tube 6p

TAG STRIP — 6 way 3p| WRIST COMPASS

TO3 Mica Washer 2p
18 volt 4 amp charger,
bridge rectifies 50p
GC10/4B Cold
Cathode £3.00

Telescopic aerial
Closed 93“, open 384~
Fitted right angle TV

ELECTROLYTICS MFD/VOLT. Many others
in stock

Up to 10V 256V 50V 75V 100V 250V 350V 500V
MFD
10
25
50
100 6p
250 9p 10p
500 10p 11p
1000 13p 17p 40p
2000 23p 37p 45p

As total number of values are too numerous to list,
use this price guide to work out cost of your
actual value requirements, i.e. 2MFD, 30V would
be 5p, or 330MFD, 50V would be 14p, etc. etc.

8p
8p
13p
19p
28p
45p

12p
15p
18p
20p

16p
18p

20p
20p

6p
6p
6p
10p
11p
17p

5p
5p
5p

8p
8p
9p
12p
17p
24p

8/20, 10/20, 12/20 Solid tantalum 15p each
16-32/275, 32-32/275, 100-100/150 100-
100/275 50-50/300 . . . 20p each
12,000/12, 32-32-50/300, 700/200, 100-100—
100-150-150/320 o e 50p each
20-20-20/350 40p each
INDICATORS
Arcolectric green, takes M.E.S. bulb 20p
Bulgin D676 red, takes M.E.S. bulb 20p
12 voltred, small pushfit 20p
Mains neon, red, pushfit 18p

9 way 5p Single 1p| 30p with Needle Lock plug, 50p
1% glass fuses— 250 m/a or 3 amp (box of 12) 18p
3” tape spools . . s - - B 8p
Brand new Boxed 6K7G  m .t . 25p
PVC or metal clip on M.E.S. bulb holder S5p
All metal equipment Phono plug B o 2p
Bulgin, 5mm Jack plug dnd switched socket (pair) 30p
12 volt solenoid and plunger . L, iy 40p
250 RPM 50 ¢/s locked frequency miniature mains motor 50p
200 OHM coil, 24" long, hollow centre 3’ I 10p
Belling Lee white plastic surface coax outlet Box 30p
R.S. 12 way standard piug and shell . AR 30p
SWITCHES RESISTORS
Pole Way Type 14 watt 1p
4 2 Sub. Min, Slide 18p |1 watt L] 2p
6 2 Slide 20p [Up to 5 watt wire 10p
4 2 Lever Slide 15p |10 watt wire
2 2 Slide 10p { wound 12p
1 3 + off Sub. min. edge 10p |15 watt . . 14p
1 8 13 amp small rotary 12p
2 2 Locking ‘with 2 to 3 keys GEARED KNOB
£1.50 | inner to Outer Ratio
2 1 2 Amp 250V A.C. rotary 16p |g:1 60p
1 Toggle 10p
Wafer Rotary, all types 30p | philips  transformer,

Speaker, 6” X 4”, 5 ohm, ideal for carradio etc. £1

COMPUTER AND AUDIO BOARDS
VARYING PANELS WITH ZENER, GOLD
BOND, SILICON, GERMANIUM, LOW AND
HIGH POWER TRANSISTORS AND DIODES,
HI STAB RESISTORS, CAPACITORS, ELEC-
TROLYTICS, TRIMPOTS, POT CORES, CHOKES
ETC.

3Ib. for 756p 4+ 30p post and packing
7lb. for £1.50 + 60p post and packing

Skeleton Presets Clear Plastic Boxes

Slider, horizontal or | For component stor-
vertical standard or | age or projects, sliding
submin,

5p | lid. 13 x 13" x 17 10p

) KNOBS
SILVER METAL PUSH ON WITH POINTER, OR
WHITE PLASTIC, GRUB SCREW, WITH
POINTER AND SILVER CENTRE 8p EACH.

ZM1162A INDICATOR TUBE
0-9 Inline End View. Rectangular Envelope 170V
2.5M/A £2.00

RESETTABLE COUNTER
English Numbering Machines LTD.
MODEL 4436-159-989
6-14 volt, 6 digit, illuminated, fully enclosed. £2.50

A

safety fused. In 200-
220-240v. Out 240v
60ma-+6.3v 1a approx
27 x 23" x 23" £1.50

POTS

Log or Lin carbon 18p-

Switched 28p
Double Pots 45p
Double & switch 60p
Lin wirewound  25p

THERMISTORS
VA1008, VA1034,

CAPACITOR GUIDE — maximam 500V
Up to .01 ceramic 2p. Up to .01 poly 3p.
Up to 1000PF silver mica 5p. 1,200PF up to .01
silver mica 10p. .013 up to .25 poly etc. 4p.
.27 up to .68 poly etc. 6p
Over 500 volt order from above guide and few

.others listed below.

6p. .1/600:10p. .01/1000, 1/350, 8/20, .1/900,
.22/900, 4/16. .26/250 AC (600vDC) .1/1500
40p. 5/150, 9/275AC, 10/150, 15/160, 40/150.

_ TRIMMERS, 20p each
100PF Ceramic, 30PF Beehive, 12PF PTFE
2500PF 750 volt, 33PF MIN. AIR SPACED
5PF, MIN. AIR SPACED, 50PF CERAMIC.

CONNECTOR STRIP
Belling Lee L1469, 4 way polythene. 3p each

Strong grey plastic box same design as die cast

VA1039, VA1040, ali 43”7 x 23”7 x 13~ .. 40p
VA1055, VA1066, >
VA1082, VA1100 1" or 13” or 3" CAN "CLIPS 2p
VA1077, 7p LABGEAR MAINS DROPPER
VA1005, VA1026 17p | 36 ohm 25 watt 4 79 ohm 9 watt 20p
PARMEKO P4go |TUNING CONDENSERS 50PF, 50p
6000/65, 20 Henry :
-12A.potted choke 60p 2 Amp Suppression Choke 5p
2Lyl PAXOLINE 2
HEES e igxx ;xx,;”, J . 2 for 1?)
12 volt S.P.C.0. octal | 550 700 Ghm 3 watt resistors ap
RN ’;‘gh VALVE RETAINER CLIP, adjustable 2p
s B OUTPUT TRANSFORMERS
P.O. 3000 type, 1,000 . .
. Sub-miniature Transistor Type 25p
OHM coil, 4 pole ¢c/o X
60p Valve type, centre tapped or straight 40p

3 pin din to open end, 13yd twin screened
lead 35p

Whiteley Stentorian 3 ohm constant impe-
dance volume control way below trade at £1




SEMICCNDUCTORS. ‘ = 25p | 2N1091 45p
Fuil spec. marked by Mullard, etc. Many other typas in stock %ﬂ;ggg £18§8 gmg% -1|_gp
= 14 BC159C,157A .. 11 BF184/5 15 E . 4]
2827 i 112 Bg178A/B 14:; BF194§5/6/7 8:; TAD100 £1.00 | 2N2401 (ASY26-27) 20p
AC128 .. 8p | BC1798B 15p| BF194A 12p 2G302 .. °k 15p 2N2904/5/6/7 .. 13p
ACY28 .. 18p | BC186/7 20p| BF200 .. 20p | 2N393/MA393..  30p | 2N2907A 20p
AD149 . . 40p | BC213L i1p| BF262/3 23p [2N706 .. 8p | 2N3053 14p
AD162 33p | BC337/8" 15p| BF336 .. 25p [2N987 .. 35p | 2N3056 (992) . 33p
AF116/7 13p | BC547/568A 12p| BFX29/30 "28p
AF124/6/7 20p | BCY40 .. 60p | BFX84/88 20p '1“’"" ;’Zg A 8_23:YR'ST°RS i
AF139/178 30p | BCY70/1/2 12p | BFY50/1/2 13p 1 400 BTX18-300 65p
AF180/1 30p | BD112/3/5/6 50p| BFY90 .. . 50p 1 240 BTX30-200 40p
AF239 .. 20p | BD131 .. 24p | BR101 Eroarmante 30p 6.5 500 BT102-500R 90p
ASY27/73 25p | BD132 .. 30p | BRY39 punjJdunction 38p 16 700 BT106 85p
BC107A or B 11p | BD135 .. 28p| BRY56 38p 15 500 BT107 £1 08
BC107/8/9 .. 9p | BD201/2/3/4 £1.00| BSve4 40p 6.5 500 BT101 -SO(I)I:? 9'0
BC108A/B/108B/C 11p | BD232/4/5 49p| BSX21 .. 18p 6.5 500 BT109-500R - 90P
BC147/8/9 X 7p | BDX77 £1.40| BU105/01 £1.50 2'0 600 BTW92-600RM £3 08
BC147A/B o 11p | BF115 .. 15p| CA3001 £1.00 g ‘o - o
BC148A/B, SB/C Bp BF1 67/1 73 zop CcV7042 (0c41 oc44, 15 800 BTX95-800R Pulse Modulated . £10.00
BC157/8/9 9p | BF178/9 25p | ASY63) 10p %
BC158A/B 11p | BF180/1/2/3 22p} GET111 40p OTHER DIODES
R — |IN916 .. 6p | BA182 . 24p
BRIDGE RECTIFIERS IN4148 . . 4p | 0A5/7/10 10p
ip | VG . {ETES MBS . 30p | BA145 14p | BZY88 Upto 33volt  7p
2 Feco sl 30p | 2 30 20 P | Centercel 10p | BZX61 11 volt 17p
1 140 OSH01-200 30p 0.6 6-110 EC433 BZY61 10p | BR100 Diac 20p
1.4 42 BY164 35p Encapsulated with built-in d
Piastic types heat sink . 15p TRIACS
1 AMP RECTIFIERS OPTO ELECTRONICS Aé"f’ X&’,‘ s 53
IN4003 200 volt .. 5p | ORP12 44p Photo transistor |,¢ 200 BTX94-900 £5 08
IN4004 400 volt . . 6p | BPX40 65p [ BPX29 £1.00 | 55 1200 BTX94-1200 =y
IN4OO5 600 volt . . 6p | BPX42 £1.50 | OCP71 35p i
IN4006. 800 volt .. 7p | BPY10  £1.00 | BIGLED 2imm €QY11B L.E.D. WESTINGHOUSE 28TIO 30
Qs GO ZERIEO00 v olt 7 (VOLTIAC) G o a M | infra red transmitter £1| AMP1000VOLT THYRISTER
HIGH POWER RECTIFIERS gmggl c1aalll RED 15p | One fifth of trade WITHOUT NUT £4
. A1mé7 Vo1'€>0 70 | BPY77) : g:éé\'NGE 18p |[PHOTO  SILICON  CONTROLLED SWITCH
SR400 1.5 400 8p Diodes YELLOW BPX66 PNPN 10 amp £1.00
Bviag-600 25 606  40p FETS PAPER BLOCK CONDENSER |TAA300 T0-74 1 Watt
BYX38-300R 2.5 300 36p BFW10 .. 45p |0.25MFD 800 volt 30p |AF. AMPLIFIER I.C.
BYX38-900 2.5 900 45p BSV79 . £1.00 | 1MFD 250 volt 15p | 4-5 10 9v £1.25
BYX38-1200 25 1,200 ggp BSV80 90p | 2MFD 250 volt 20p
BYX49-600 256 600 P ‘N. Channel 2MFD 1.5 kv 50p GARRARD'
SEp el 20 i §gg BSV81 M.O.S.T. .. 90p |4MFD 260 volt 20p [ GCS23$ Crystal Stereo
BYX49-1200 2.5 1.200 52p BFS28 Dual M.0.S.T. 92p | 15MFD 150 volt .. 50p Cartridge £1.00
: ‘4 KETS
BYX48-300 6 300 40p Wi ded al , 2 META'L CHASSIS SsOC
BYX48-600 6 600 50p EENCERIERERSEN S e i@ ekl HANDLES
BYX48-900 6 900 60p | 650 m/h 2amp. 2ohm |Coax Rigid light blue nylon
BYX48-1200 6 1,200 80p | chokes 60p | 5 or 6 pin 240° din 6p | 61" with secret fitting
gl isuh 10 T o - : Speaker din switched screws 5p
BYX72-300R 10 300 45p | pjastic, Transistor or Diode |3 5mm Switched Socket
BYX72-500R 10 500 55p Holder 1p 5 Rt A T
BYX42-300 10 300  45p . , _ -
BYX42-600 10 600 65p | Jransistoror Diode Pad 1p 2 41&‘;’;’{0’?"“0'0 dicator, as used in
BYX42-900 10 900 8o0p | Holdersorpads50pper100 Seafarer, Pacific. Fair-
BYX42-1200 10 1,200  95p T ; way depth finders
BYX46-300* 16 300 £2.00 Etlllgl?: .I'Zr-%rilanrI‘aetmr:?usgtaatnd socket :Ilgg 5 ey Shelgagly 20p each
BYX46-400* 15 400 £2.50 | ; 0.15 pitch edge socket 1
McMurdo PP108 8 way edge plug 15p
BYX46-500* 15 500 £2.75 INK 20p - o5
BYX46-600* 15 600 £3.00 TO3 HEATS ; - Miniature Axial Lead
. 28 2 p Europlec HP1 TO3B individual ‘curly’ { U.E.C.L. 10 way pin Ferrite Choke formers
BYX20-200 00 60p power transistor type. Ready drilled 20p | connector 2B6000 2
BYX52-300 40 300 £1.75 OA1P10 10 P
BYX52-1200 40 1,200 £2.50 Tested unmarked or marked .p ;
*Avalanche type ample lead ex new equipment U.E.C.L. 20 way pin DEE PLUG
RG4-1250 Me apour rectifie ACY17-20 8p | OC71/2 6p | connector McMurdo DA15P 15
T P "sdo [ AS220 @b | 0C200-5 100 | 2AG0000A1P20 20p |waychassisplug 15p
o T A 1 p p o
1~ Terryclips chrome finish 4p | Bc1gs 1 2 r U.E.C.L. 10 way pin ;
p G240 2-50 Fair 18009 Coax.
Cinch 10-way terminal block 16p | BCY30-34 10p | 26302 6p | Socket 2B606001 ;*(1)0 e 2l v 3p
Pair of LA2407 Ferrox cores BCY70/1/2  8p | 2G401 10p .p
with adjuster 25 BF115 10p | 2N711 25p| U.E.C.L. 20 way pin
/ P 8 2IN2926 7 TIE CLIPS
ERdod 3 =i g G P | socketB260800A1R20 "
Chrome Car Radio facia 15p | B7Y88 series 5p | 2N598/9 6p 205 |NYlon self locking 7
Rubber Car Radio gasket Sp HG1005 2p 2N1091 8p P 2p
DL! Pal Delayline 80p° | HG5009 2p 2N1302 8p | BELLI N.G LEE L1354 —
S, TR 70p | HG5079 2p | 2N1807  2-50 | TV Aerial diplexer 10p CINCH 150
Take miniature 2PCO relay ";/178/9 1(“;9 gngT'ZSIOd:Cég Philips electronic eng- |12 way edge socket
B7G or B9A valve can 2p 2 ol a2 h( ink) | ineer kits add on series 10p
0A81 3p | in1"sq. heatsink) E1004. E1005
0-30, or 0-15, black pvc, 360° 0A47 2p 20p 4 4lb Mixed nuts, bol
dial, silver digits, self adhesive, 0A200-2 3p | GET872 12p ~ £1.00 each washe'r’;eetc s, g;z
41” dia. - - L% 10p | OC23 20p (parts worth more) .
SMALL ORDERS, ENCLOSE SUITABLE TH E RAD' HA K
STAMPED ADDRESSED ENVELOPE
LARGE ORDERS, ADD SUFFICIENT FOR 161 ST. JOHNS HILL BATTERSEA. LONDON S.W.11
POSTAGE, INSURANCE, ETC. Open 10 a.m. till 7 p.m. Monday to Saturday Phone 01-223 5016
TOTALGOODS PLUS CARRIAGE, ADD 8% V.A.T. | ‘also most Sundays
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If you're
interested

in electronics
You'll like the
NEW LITESOLD
SUPER IRONS

We've been supplying the electronics
industry with soldering irons for
many years and we have now put all
our experience into an iron for the
electronics enthusiast.

The new LITESOLD SUPER {RONS
have all the features you have been
looking for; a neon indicator which
glows only when the supply is
connected correctly and the iron is
safely earthed, an unbreakable nylon
handle, a burn-proof mains lead,

a special oxydised binding, a long
life element, a range of bit shapes

to suit every job and a special

bench stand.

There are three SUPER IRONS
§ the S90

12 watts for miniature jobs

at £4.77

the $142

20 watts for medium jobs

at £4.85

the S187

24 watts for heavy jobs

at £4.89 1

and the special spring stand at £2.64

Get your LITESOLD SUPER IRON
direct from

Light Soldering
Developments Limited
97-99 Gloucester Road
Croydon Surrey
Telephone 01-689 0574

All prices include postage, packing and VAT
but not the diamond ring. .
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NOW AVAILABLE . . .

~ LATEST
BOUND VOLUME
No. 27

“Rudio & Electronics
Constructor”’

vns oz

:
§
t

AUGUST 1973 to JULY 1974
Comprising

772 pages PRICE £2.40 P&P 35p

inc. index

BOUND VOLUME No. 24
(August 1970 to July1971)

BOUND VOLUME No. 25
(August 1971 to July 1972)

BOUND VOLUME No. 26
(August 1972 to July 1973)
PRICES

VOLS. 24 & 25
£2.00 per volume. P&P 35p
VOL. 26
£2.10 per volume. P&P 35p

Limited number of these
volumes still .available.

We regret all earlier volumes are now
completely sold out.

Available only from

DATA PUBLICATIONS LTD.,
57 MAIDA VALE, LONDON, W9 1SN

‘RADIO & ELECTRONICS CONSTRUCTOR
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wait for eledronic components.

7-day service.

Buy the new Doram.
catalogue and you could have
your components within 7 days
of our receipt of your order.

If you don't,you'll have
your money back and no
questions asked.

Whatyou won't getis
a tedious wait. Which goes on.
And on.And on.And on.

You know just where you are
with Doram.
Millions of components.

Doramis a brand-new
dealfor serious amateurs.

t's a complete door-to-door
components service operated
by mail order.

You buy the Doram
catalogue for 25p lthat's a
yearly reference book for the
price of a pintl and then you
orderfromit.

We're big enoughto
offer you stocks of millions of
components on over 4,000
product lines.

And so confident of our
service that if we can't supply
the partyou want within 7 days
of receiving your order, we'll
give you your money back.
Immediately.

No-quibble guarantee.

lt's just aboutimpossible
to by a defective partfromus.
Because our checking is so
pains-taking.

But even if the unthinkable
does happen—and you're
unlucky—then we'll still make
you happy quickly.

Because we offer ano-
quibble replacement part
service.

And our guarantee is
guaranteed by the fact that
we belong to the biggest
electronics distribution Group
in Britain.

Allbranded goods.

Allgoods supplied are
branded goods.Made by big-
name manufacturers like RS,
Mulard. SGS-ATES, Ferranti,

Doram brings the
amateur the sort of service only
professionals have enjoyed
before.

So don'tdelay.Use the
coupon. Send today for your
first Doram catalogue.

It can make yoyr life a whole
loteasier.

For 25p that can't be
bad,canit¢

r N I .

| ENCLOSE 25p* PLEASE

SEND ME THE NEW DORAM
CATALOGUE.

I Name . I
I Address : I

Doram Electronics Limited,

PO Box TRS,

Wellington Road Industrial Estate;
Wellington Bridge, Leeds LSI12 2UF.

*This will be refunded on orders
of £51less VAT or more received

I by us before March 31st,1975.

param |
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EX-COMPUTER STABILISED
POWER MODULES

Complete with circuit diagrams ete. 99p cach
P. & P. 22p.

LOW COST CAPACITORS

0-01 «F 400V. 3p each
500uF 50V. Elect. 10p each

FIBRE-GLASS PRINTED
CIRCUIT BOARDS
16} x 4* approx. 2 for 55p

DECON-DALO 33PC Marker
Etch resistant printed circuit marker pen
99p each.

VEROBOARDS
Packs containing approx., 50sq. in. various
sizes, all0-1 matrix 55p

REPANCO CHOKES & COILS

RF Chokes
CH1. 25mH 29p  CHZ: 5-0mH 30p
CH3. 7-5mH 31p CH4. 10mH 33p

CHs. 105mH 28p
COILS
DRX1 Crystal set 31p DR R2 Dual range 45p

COIL FORMERS & CORES
NORMAN i Cores & Formers 8p
4" Cores & Formers 10(

SWITCHES
DP/DT Toggle 36p SP/ST Toggle 3up

FUSES
1‘& and ZOnAm 100mA, 200mA, 250mA, 500mA,

QUICK BLow 5p each.

EARPHONES

Crystal 2.6mm plug 42p
Crystal 3-5mm plug 42p
8 ohms 2:5mm plug 22p
8 ohms 35mm plug 22p

DYNAMIC MICROPHONES
B1223. 200 ohms plus onjoff switch and
2:5mm and 3-5mm plugs £1-85

De Luxe Groov-Kleen
Model 42 £).95
Chrome Finish
Model 60 £1.50

Ref. 36A. Record/Stylus Cleamng Kit 33p
Ref. 43. Record Care Kit £2-

Ref. 31. Cassette Head Cleaner 58p

Ref. 32. Tape editing Kit £1-68

Model 9. Wire Stnppex/Cu'.ter 83p

Ref. 46. Spirit Level 6:

BIB HI-FI ACCESSORIES

Ref. B. Stylus and Turntable Cleaning Kit 34p
Ref. P. Hi-Fi Cleaner 31p

Ref. 32A. Stylus Balance £1-37

Ref. J. Tape Head Cleaning Kit 62p

Ref. 56. Hi-Fi Stereo Hints and Tips 42p

Ref. 45. Auto Changer Groove Cleaner £108

ANTEX SOLDERING IRONS
X25. 25 watt £2:05

CCN 240. 15 watt £2:48

Model G. 18 watt £2-26

SK2. Soldering Kit £3-25

STANDS: ST3, suitable for all models £1
SOLDER: 185WG Multicore 7oz £1-61
228WG Toz £161. 18SWG 22ft 51p
22SWG Tube 33p

ANTEX BITS and ELEMENTS
Bits No.

3~-WAY STEREO HEADPHONE
JUNCTION BOX

H1012 £1-87

1-WAY CROSSOVER
NETWORK
K4007 .80 ohms Imp. Insertion loss 3dB £1-21

CAR STEREO SPEAKERS
(Angled) £3-85 per pair.

Bl-PAK

CATALOGUE AND LISTS-
Send S.A.E. and 10p.

INSTRUMENT CASES

(Bllck Vinyl covered)

No Length Width Height Price
BV ¥ x 2 £1-35
BVZ 11' x 6° x £175
‘B\kUMIN'UM BOXES
1 63" x 23 x 14 49)
A2 47 x 4 X lg' 49:;
BA3 4° x x 14" 49p
BA4 54" x x 1 58p
BA5 4 x X 2 49p
BA6 3" x x 1y 42p
BAT T° x x 2} 85p
BAS 8 .« x x 3" £1'10p
BAS 6 x x 2" T0p

P. & P. 15p on ench box

10p P. & P. (U.K. only). Overseas orde;
please add extra for postage.

102 For model CN240 42p
104 For model CN240 % 42p
1100 For model CCN240 & 42p
1101 For model CCN240 §° 42p
1102 For model CCN240 }° 42p
1020 For model G240 ﬁ' 42p
1021 For model G240 §° 42p
1022 For model G240 %" 42p
50 For model X25 4" 48p
51 For model X25 §° 48p
52 For model X25 & 48p
ELEMENTS
ECN 240 £1-30 ECCN 240 £1-32
EG 240 £1-07 EX 25 £1-16
ANTEX HEAT SINKS 10p
VAT included in all prices. Please add

TS—

NEW COMPONENT PAK
BARGAINS
Pack

No. Qty. Description
count by weight

C2 150 Capacitors mixed values\npprox.
count by weight

approx. 20 sq. ins.

Price
C1 200 Resistors mixed values nppmx.o o

0-54

C3 50 Precision Resistors 0:1%, 0-01%
mixed values 0-54
C4 75 §th W Resistors mixed preferred
values 0-54
C5 5 Pieces assorted Ferrite Rods 054
C6 2 Tuning Gangs, MW/LW VHF 054
€7 1 Pack Wire 50 metres assorted
colours 0-54
C8 10 Reed Switches 054
€9 3 Micro Switches 0-54
C10 15 Assorted Pots & Pre-Sets 054
C11 5 Jack Sockets 3 x 35m 2 x
Standard Switeh Type 054
C12 30 Paper Condensers preferred
types mixed values 054
C13 20 Electrolytics Trans. types 0-54
€14 1 Pack assorted Hardware—
Nuts/Bolts, Grommets, ete.  0-54
C16 5 Mains Slide Switches 0-54
C16 20 Assorted Tag Strips & Panels 0-54
C17 10 Assorted Control Knobs 054
C18 4 Rotary Wave Change Switches 0-54
C19 2 Relays 624V Operating 0-54
Co 1

Pack Sheets of Copper Laminate
034
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VISIT OUR COMPONENT SHOP
18 BALDOCK ST., WARE, Herts. {A10)

Open Mon.-Sat. 8-5.30 p.n. Tel, 61693

PLUGS AND SOCKETS

SOLVE THOSE STICKY
PROBLEMS!

B

CYANOACRYLATE C2 ADHESIVE
The wonder bond which works in
seconds - bond plastic, rubbar,
metals, transistors, components
permanently immediately !

OUR PRICE ONLY 54p

PLUGS for 2gm phial
PS 1 DIN. 2 Pin (Speaker) 011
PS 2 D.N.3Pin 012
PS 3 DILN.4Pin o1s|] BATTERY HOLDER
PS 4 D.LN.5 Pin 180° 016 | Takes 4, HP7's complete with ter-
PS 5 D.LN.5 Pin 240° 0-16 | minal, clip and lead. 34p
PS 6 D.IN.6Pin 017
PS 7 DIN.7Pin 018
PS 8 Jack 2-5mm Screened 018 WO R I- D s c 0 0 P
PS 9 Jack 3-5mm Plastic 012
PS10 Jack 3:5mm Screened 018
PS 11 Jack }" Plastic 015 SEMI JUMBO
PS12 dJack |* Screened 022 CONDUCTOR PACK
PS 13 Jack Stereo Screened 0-36 | Transistors, Germ, and Silicon Rectifiers
PS 14 Phono 010 | Diodes, Triacs. Thyristors, 1.Cs and Zeners
PS 15 Car Aerial 0-22 | ALL NEW AND CODED.
PS16 Co-Axial 015 APPROX 100 PIECES
INLINE SOCKETS gg’enng the amateur a l‘antnsnc  bargain Pak
: y and
::S g; g}: :;:: (QEken) g;z data sheet in every Pak
PS 23 D.LN. 5 Pin 180° 0-20 Only £2 p. & p. 20p
PS 24 D.IN. 5 Pin 240° 0-20
PS 25 Jack 2-5mm Plastic 016 RECORD STORAGE/
PS5 26 Jack 35mm Plastic o16 CARRY CASES
PS 27 Jack }* Plastic 0-30 7m EP. 18}in x 7in x 8in (50 records) £2:10
PS 28 Jack {" Screened 0-35 | 12in LP. 13jin X 7§in X 12}in (50 recurds)
P5 29 Jack Stereo Plastic 0-30
PS 30 Jack Stereo Screened 0-38
PS 31 Phono Screened 018 § CASSETTE CASES £1-3
PS32 Car Aerial 0-22 | Holds 12. 10in X 3jin x 5in. Lock handle.
PS 33 Co-Axial 022 .
SOCKETS Holuls 148-113.RXACK0 SR £1-95;
q y alds 5 x 6in. i
PS35 D.LN. 2 Pin (Speaker) 008 | 5oy 25, 133 % 8 % 54 in 22708
PS3 DIN.3Pin 011 Buth with lock handle
PS 37 D.LN.5 Pin 180° 011
L O P En P L SPECIAL PURCHASE
Ly Ul G S 012 4 ;N3055. Silicon Power Tramsistors NPN.
PS 40 Jack 3-56mm Switched 012 | Famous manufacturers out-of-spec devices
P541 Jack }” Switched 0-20 | free from open and short defects—every one
PS 42 Jack Stereo Switched 0-30 { able! 115W. TO3. Metal Case.
PS 43 Phono Single 008 OUR SPECIAL PRICE 8 for £1
PS 44 Phono Double 010 -
PS46 Co-Axial Surface 010 'REPANCO TRANSFORMERS
PS 47 Co-Axial Flush 020 § 240v. Primary. Secopdary \oltages available
from selected tappings 4V, 10V, 14V
LEADS 15\5 2;‘7]V 19V 21V, 25V, 31V 33V, 40, 50
LS 1 Speaker Lead 2 pin D.LN. plug to an ~0-25 .
open ends approx 3 metres long Type A kg Price  P.& P.
. {coded) 020 MT50/} 3 £1-93 45p
MT50/1 1 £2:42 48p
CABLES MT50/2 2 £330 60p
1 Single Lapped Screen 0-07
CP 2 Twin Common Screen o011 | CARTRIDGES
CP 3 Stereo Screened 012
CP 4 Four Core Common Screen 0-23 8;3;_{52%02“%"':: i‘: 1~§§?/sec ﬂgﬁ
CP 5 Four Core Individually Screened 030 | Gpgs.1 100mV at 1¢m/sec £2:80
CP 6 Microphone Fully Braided Cable 010 { J-2005 Crystal/Hi Output £1-06
CP 7 Three Core Mains Cable 0-09 | J-2010C Crystal/Hi Output Compatible £1-20
CP 8 Twin Oval Mains Cable 0-07 | 420065 StercofHi Output L1518
J-2105 Ceramic/Med Qutput £1-95
CP 9 Speaker Cable 0-05 | 19003 M ‘e SmV) Tudi
CP10 Low Loss Co-Axial 018 | “atylus £4.95
J-22035 Repl stylus for above  £3:00
CARBON AT-55 Audio-technica magnehc cnrh—!dga
POTENTIOMETERS 4mV/5em/sec SHED
Long and Lin ¢
47K, 10K, 22K, 47K, 100K, 220K, 470K, CARBON FILM RESISTORS
1M, 2M. The E12 Range of Carbon Film Resistors,
VC1 Single Less Switch o5} HMAUN ayailablon }::;]fz?ouo;s S peeE
2 i 4 assorted into e OW1;
CEsin DS atel 028 | 21" 50 Mixed 100 ohms-820 ohms 50p
VC3 Tandem Less Switch 046 | o 50 Mixed 1k 0-82k 0 50p
VC4 1K Lin Less Switch 015 | R3 50 Mixed 10k 2-82k 2 Sgp
VC5 100 K anti-L 046 | R4 50 Mixed 100k 2-1M
B THESE ARE UNBEATABLE PRICES—
HORIZONTAL CARBON JUST 1p EACH INCL. VAT
PRE-SETS
01 watt  0-06 each BI-PAK SUPERIOR QUALITY

100. 220, 470, 1K, 2-2K, 47K. 10K, 22K, 47K,

100K, 220K, 470K, 1M, 2M, 4-TM.

LOW - NOISE CASSETTES
C60, 36p; G90, 48p; C120, 60p

RADIO & ELECTRONICS CONSTRUCTOR



-the lowest prices!
BI-PAK QUALITY COMES TO AUDIO

AL10 AL2
_AMPLIF

0 AL30 AUDIO
IER MODULES

The AL10, AL20 and AL30 units are similar
in their appearance and in their general
specification. However, careful selection of
the plastic power devices has resulted in a
;{agfes of output powers from 3 to 10 watts

The veraatility of their design makes them
ideal for use in record players, tape recorders,
stereo amplifiers and cassette and cartridge
tape players in the car and at home.

|
Now WE GIVE YOU ;
50w PEAK (25w R.M.S.)
PLUS THERMAL PROTECTION!
The NVEW AL60 Hi-Fi

Audio Amplifier FOR ONLY £4-25

@ Thermal Feedback

- oms-
-

@ Max Heat Sink temp 90°C.

Parag:eur Conditions Performance
HARMONIC DISTORTION Po = 3 WATTS f = 1KHz 0-26%,
LOAD IMPEDANCE — 816 01
INPUT IMPEDANCE f=1KHz 100k 22
FREQUENCY RESPONSE —3dB Po = 2 WATTS 50 Hz-25KHz
SENSITIVITY for RATED O/P Va = 25V. R1 = 80 f = 1KHz 75mV. RMS
DIMENSIONS = 3" x 24 =1"
The above table relates to the AL10, AL20 and AL30
lil:lo;ihu:iers.wTo?ii :‘;)gll:;;i;ﬁi:ll:a outlines the differences
Parameter AL10 AL20 AL30
Maximum Supply Voltage 25 30 30
WATAED  Mhe B BEW
AUDIO AMPLIFIER PRE-AMPLIFIERS
e g | By Comesonin -,
AT o ass T A 100. (Use with ALS0) £1815
TRANSFORMERS
O PP ALy sty | T o wit AL, ALy sh0E

SPM 80.§Use with AL60) £3-25
FRONT PANELS FP 12 with Knobs £1-00

22p
BMT80 (Use with AL60) £2:75 P. & P. 37p

PAI2 PRE-AMPLIFIER SPECIFICATION

The PA12 pre-amplifier has been designed
most budget stereo systems. It is compa

AL 10, AL 20 and AL 30 audio power amplifiers and it
can be supplied from their associated power supplies.
There are two stereo inputs, one has been designed for use
with *Ceramic cartridges while the auxiliary input will

to match into

Frequency response —
tible with the 20Hz-

Hz-50KHz (—3dD)
Bass control—
% 12dB at 60Hz
Treble control—
+ 14dB at 14KHz
*Input 1. Impedance

suit most tMagnetic cartridges, Full details are given in .1 Meg. ohm
the specification table. The four controls are, from left to tInput Z"Ii:ns‘li':;l ty, 300mV
right: Volume and on/off switch, balance, bass and treble. LY L5 :;coax ohms
Size 162mm x 84mm x 35mm. Sensitivity 4mV

Look

for our

SEMICONDUCTOR ADVERTISEMENTS in
Practical Wireless Wireless World Practical Electronics

ALL PRICES INCLUDE V.A.T.

The STEREO 20

The “Stereo 20" amplifier is mounted, ready wired and tested
on a one-piece chassis measuring 20 cm x 14 cm X 55 em.
comes complete with on/off switch
volume control, balance, bass and treble controls,

This compact unit

Transformer, Power sy and Power amps.
Attactively printed &;\ptly panel and mlgh-
ing control knobs, The “Stereo 20" has been
dqslgned‘to fit into most turntable plinths
without 'mterfa.rmg with the mechanism or,
alternatively, into a separate cabinet.

1800mV into IM. Freq. res,
Input 2 (Aux) 4mV into 30K. Harmonic
gm%:tlllonb- %%;s conltrol + 12dB at 60Hz
¥ Di at 1 watt. Trebl

T4dB at 14kHe St

TC20 TEAK VENEERED CABINET

¥

£14-45 p. & p. 45p

For Stereo 20 (front board undrilled) Size 104" x 83 x 3°, £3-95 plus 30p postage.

SHP80 STEREO HEADPHONES

4-16 ohms impedance. Frei
controls, M'Qg LSy aranse 2

FEBRUARY 1975

0 to 20,000Hz. Stereo/mono switch and volume

@ Latest Design Improvements

@ Load — 3, 4, 8 or 16 chms

@ Signal to noise ratio 80dB

@ Overall size 63mm X 105mm
X 13mm

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.

STABILISED POWER

MODULE SPM80

SPMS80 is especially designed to power 2 of the AL&0

Amplifiers, up to 15 watt (r.m.s.) per channel simul-

taneously. This Enqdule ex;xbodies he latest components
0!

circuit incor short

req y Response
20Hz to 100KHz

@ Distortion better than
0-1% at 1KHz

@ Supply voltage 15-50 volts

circuit protection. With the addition of the Mains Trans- }
former BMT80, the unit will provide outputs of up to 15
amps at 35 volts. Size: 63mm x 105mm x 30mm.
These units enable you to build Audic Systems of the highest
uality at a hitherto unobtainable price. Also ideal for many
oaxer applications including:—Disco Systems, Public Address,
nits, etc. Handbook lable 10p  PRICE £3:25

TRANSFORMER BMT80 £215 p. & p. 40p

STEREO PRE-AMPLIFIER TYPE PA100

Built to a specification and NOT a price, and yet still the greatest value on the market,
the PA100 stereo pre-amplifier has been conceived from the latest circuit techniques.
Designed for use with the AL60 power amplifier system, this quality made unit incorporates
no less than eight uilim'?1 planar transistors, {wo of these are specially selected low noise
evices for use in the input stages.

ThrI:eds:'litched stereo. inpuu,p and rumble and scratch filters are features of the PA100,
which also has a STEREQ/MONO switch, volume, balance and continuously variable
bass and treble controls.

SPECIFICATIONS
Frequency Response

1

20Hz—20KHz x 1dB

Harmonic Distortion better than 0-1%,
[nputs: 1. Tape Head 25 mV into 50K}
2. Radio, Tuner 78 mV into 50.
3. Magnetic P.U. 3 mV into 50KQ

All input voltages are for an output of 250mV. Tape and P.U. inputs
equnlized to RIAA curve within * 1dB. from 20Hz to 20KHz.

Base Control % 15dB at 20Hz

Treble Control + 15dB at 20KHz

Filters: Rumble (High Pass). 100Hz

Scratch (Low Pass) 8KHz
Signal/Noise Ratio l-::mr than —65dB
+ 35 volts at 20mA

Input overload
Supnly 92mm x 82mm X 35mm
ONLY £14-25

Dimensiona 3

MK 60 AUDIO KIT !
Comprising: 2 x AL60, 1 x SPM80,1 x BTM80,1 x PA 100, 1 front_pmel, 1 kit of parts
to include on-off switch, neon indicator, stereo headphone sockets plus instruction booklets.
Complete Price: £29-75 plus 45p postage.

TEAK 60 AUDIO KIT . L -
Comprising: Teak veneered cabinet size 163" X 114" x 33", other parts include aluminium
chassis, heatsink and front panel bracket, plus back panel and appropriate sockets, ete.
Kit price: £9-95 plus 45p postage.

All prices quoted 11 new pence Glro No. 388-700¢6
Piéase send ali orders direct to warchouse and despatch departiment

-PAK

P.O.BOX6, WARE - HERTS

Postage and packing add 20p. Overseas add extra for airmai!
Minimum order 50p. Cash with order please.

Guaranteed Satisfaction or Money Back

' 391
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THE MODERN BOOK CO

RADIO CONTROL FOR MODELS

By R. H. Warring Price £5'75

SET UP YOUR OWN HI-FI A BEGINNER’S
GUIDE by R. H. Warring PRICE £1.90

PIN-POINT TRANSISTOR TROUBLES IN

12 MINUTES by.L. E. Garner PRICE £2.75
TRANSISTOR POCKET BOOK
by R. G. Hibberd PRICE 1.60

ILLUSTRATED TEACH YOURSELF RADIO
by D. Gibson PRICE £1.05

ELECTRONIC MEASUREMENTS SIMPLIFIED

by C. Hallmark PRICE £1.90
HAM RADIO A BEGINNER’S GUIDE
by R. H. Warring

ELECTRONIC SECURITY SYSTEMS
by L. G. Sands

TV BENCH SERVICING TECHNIQUES ]
by A. Margolis PRICE £1.85

JAPANESE RADIO, RECORD & TAPE PLAYER
SCHEMATIC/SERVIGING MANUAL
by H. Davidson

PRICE £2.10

PRICE £3.30

PRICE £2.10

by G. J. King

RAPID SERVICING OF TRANSISTOR .
EQUIPMENT by G. J. King PRICE £2.00

COLOUR T.V. WITH PARTICULAR REFERENCE
TO THE PAL SYSTEM
by G. N. Patchett

HOW TO USE INTEGRATED CIRCUIT
LOGIC ELEMENTS by J. W. Streater PRICE £1.50

BEGINNER’S GUIDE TO ELECTRONICS

PRICE £5.10

by T. L. Squires PRICE £2.05
T.V. ENGINEERS’ POCKET BOOK

by P. J. McGoldrick PRICE £2.70
Hi-FI IN THE HOME by J. Crabbe PRICE £2.20

TRANSISTOR AUDIO & RADIO CIRCUITS

by Mullard PRICE £2.00
FOUNDATIONS OF WIRELESS &
ELECTRONICS by M. G. Scroggie PRICE £2.10

RADIO & AUDIO SERVICING HANDBOOK
PRICE £3.30

ALL PRICES INCLUDE POSTAGE
We have the Finest Selection of English and American Radio Books in the Country

19-21 PRAED STREET (Dept RC) LONDON W2 INP

Brochure, without obligation to:

Telephone 01-723 4185

[

BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL, Dept AX 1474

P.O. Box 156, Jersey, Channel Islands.

NAME

‘ADDRESS

Block caps please l

T I Sy r P rryrryrrrrrrrr iy i vt 0 J0 i i
RADIO & ELECTRONICS CONSTRUCTOR
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WILMSLOW AUDIO

Firm fi kers!
Irm ror speaKkers:
SPEAKERS SPEAKERS
Baker Group 25, 3, 8 or 15 ohm £7.75 Fane Pop 100 watt 18” £24.50
Baker Group 35, 3, 8 or 15 ohm £8.50 Fane Crescendo 12A 8 or 15 ohm £29.00
Baker Group 50/12, 8 or 15 ohm £12.50 Fane Crescendo 12B 8 or 15 ohm £30.00
Baker Deluxe 127, 8 or 15 chm £10.75 Fane Crescendo 15, 8 or 15 ohm £36.00
Baker Major 3, 8 or 15 ohm £8.50 Fane Crescendo 18,8 or 15 ohm £51.95
Baker Superb 8 or 15 ohm £14.50 Fane 701 twin ribbon horn £35.00
Baker Regent 8 or 15 ohm £7.75 Fane 910 horn £12.75
Baker Auditorium 127 £12.50 Fane 920 horn £33.00
Celestion PST8 (for Unilex) £€3.25 Fane 152/12a 15”15 ohm £16.00
Celestion G12H 8 or 15 ohm £15.00 Fane 801T 8” d/cone roll surr. £7.00
Celestion G12M 8 or 15 ohm £12,00 Fane 805T 8” d/cone roll surr. £3.50
Celestion G15C 8 or 15 ohm £24.00 Fane 808T 8” d/cone £2.75
Celestion G18C 8 or 15 ohm £33.00 Fane 807T 8” d/cone roll surr. £3.85
Celestion MH1000 8 or 15 ohm £10.95 Goodmans 8P 8 or 15 ohm £5.00
Coral 64" d/cone rollfsurr. 8 ohm £2.50 Goodmans 10P 8 or 15 ohm £5.30
Coral 63" (larger magnet) 8 ohm £315 Goodmans 12P 8 or 15 ohm £12.95
Coral 8” d/cone, rolifsurr. 8 ohm £3.25 Goodmans 12P-D 8 or 15 ohm £16.75
EMI13x 8, 3, 8 or 15 ohm £2.25 Goodmans 12P-G 8 or 15 ohm £15.75
EMI 13 x 8, d/cone 3, 8 or 15 ohm £2.50 Goodmans 12AX 100 watt 8 or 15 ohm £36.50
EMI 13 x 8 t/tw. 8 ohm £3.75 Goodmans 15AX 100 watt 8 or 15 ohm £40.25
EMI113 x 8 type 350, 8 or 15 ohm £8.25 Goodmans 15P 8 or 15 ohm £21.00
EMI 13 x 8 20 watt bass £6.60 Goodmans 18P 8 or 15 ohm £36.00
EM] 5” 14A /730 mid-range 8 ohm £2.50 Goodmans Midax 750 £16.00
EMI 61" 93850 4 or 8 ohm £3.00 Goodmans Axent 100 tweeter & crossover £7.25
EMI 8 x 5, cer. mag. 8 ohm £1.65 Goodmans Audiom 100, 8 or 15 ohm £12.00
EMI 8 x 5, 10 watt, d/c roll/s 8 ohm £2,50 Goodmans Axiom 401, 8 or 15 ochm £17.25
:EMI 10 x 6 93870 8 ohm £2.25 Goodmans Twinaxiom 8”8 or 15 ohm £8.25
EMI 21" tweeter 8 ohm .65 Goodmans Twinaxiom 10” 8 or 15 ohm £9.00
Elac 9 x 5, 59RM109 15 ohm, Gauss 12” full range 8 ohm £69.50
59RM114 8 ohm £2.80 Gauss 12” Bass 8 ohm £69.50
Elac 63" d/cone, roll surr. 8 ohm £3.50 Gauss 15”7 full range 8 ohm £75.00
Elac 63" dfcone 8 ohm £2.65 Gauss 15” Bass 8 ohm £75.00
Elac TW4 4” tweeter £1.50 Gauss 187 full range 8 ohm £80.00
Etac 10” 10RM239 d/c 8 ohi £2.65 Gauss 18” Bass 8 ohm £80.00
Elac 8” 3 ohm £2.50 All the above Gauss (American) speakers are
Eagle Crossover 3, 8 or 16 ochm £1.50 fitted with 41" voice coils and can handle 200 watts
Eagle CT5 cone tweeter 8 ohm £1.75 RMS.
Eagle CT10 tweeter 8 or 16 ohm £2.55 Kef T27 £5.25
Eagle DT33 dome tweeter 8 ohm £5.45 Kef T15 £6.00
Eagle FF5 3 way crossover £3.15 Kef B110 £7.25
Eagle SN75 crossover with tw. control  £4.00 Kef B200 £8.25
Eagle FF28 multicell, horn £7.75 Kef B139 £1425
‘Eagle HT15 horn tw. 16 ohm £3.80 Kef DN8 £2.00
Eagle HT21 horn tw. 8 ohm £5.88 Kef DN12 £4.95
Eagle MHT10 horn tw. 8 ohm £3.80 Kef DN13 £3.30
Eagle FR4 4” full range £5.30 Richard Allan 12” d/cone 3 or 15 ohm £2.75
Eagle FR65 61” full range £8.35 Richard Allan CGS8T 8” d/c roll surr. 8 ohm £6,35
Eagle FR8 8” full range £10.65 STC 4001G super tweeter £6.19
Fane Pop 15 watt 12” £5.25 2} 64 ohm, 70mm 8 ohm, 70mm 80 ohm .65
Fane Pop 25T 30 watt 12" €7.25 2375 ohm -50
Fane Pop 50 wart 12" £12.00 7" x 4" 3,8 or 15 ohm £1.40
Fane Pop.55 12" 60 watt £12.50 8" x5”3,8 0r 15 ohm £1.50
Fane Pop 60 watt 15” £13.25 10" x 6”3, 8 or 15 ohm £2.30
: The
best
€3 Cassettes
i - 1 .5 10
P 2 Agfa Low Noise Cassettes ggg gzp 2'843 S.;g'
AT LESS THAN HALF PRICE! i 633 €310 £6.20
1 H 10
AGFA HIGHDYNAMIC SUPER S8+¢ %0p £2.40 2000
C120 99p, £4.90 £9.90
| 1 L 10
AGFA STEREO-CHROM Co0  85p €420 £8.30
CHROMIUM DIOXIDE  c90 £1.08 £5.35£10.60
SAME DAY DESPATCH
WILMSLOW AUDIO Dept. RC
10 Swan Street, Wilmslow, Cheshire
: SK9 1HF
Cut-price prerecorded cassettes' — send stamp
P. & P. 15p per order for list

10 SWAN ST., WILMSLOW, CHESHIRE |

SPEAKER KITS (Carr. 75p each. £1.50 pair)

Baker Major Module 3, 8 or 15 ohm each £10.75
Goodmans Mezzo pair £45.00
Goodmans DIN 20 4 ohm each £9.75
Helme XLK25 pair £22.00
Helme XLK30 pair £14.95
Helme XLKS0 pair £39.95
Kefkit 1 each £29.95
Kefkit 3 each £36.75.
Peerless 315 (3 sp. system) each £15.00
Peerless 20/2 each £14.95
Peerless 30/2 each £20.95
Peerless 20/3 each £22.95
Peerless 50/4 each £34.95
Richard Allan Twinkit each £8.95
Richard Allan Triple 8 each £13.75
Richard Allan Triple each £19.95
Richard Allan Super Triple each £23.75
Wharfedale Linton 2 kit pair £19.25
Wharfedale Glendale 3 kit pair £34.50
Wharfedale Dovedale 3 kit pair £52.50
PA/DISCO AMPLIFIERS (Carr. and ins.-£1)
Baker Major 100 watt £49.75
Linear 30/40 £30.00
Linear 40/60 £35.00
Linear 80/100 £58.95
Linear 100 watt slave £44.00
Eagle PRO A120. 120 watts RMS £129.00
Eagle PRO A65. 65 watts RMS £98.50
Eagle PRO A35. 35 watts RMS £77.00
Eagle TPA40 mains/12v mobile £50.00
Eagle HH5 36 watts mobile 12v, £37.50
Eagle TPA20 paging amplifier £45.00
Eagle RA859 Reverb (p. & p. 75p) £18.25
Eagle RA856 Reverb {(p. & p. 75p) £12.50
MICROPHONES (p. & p. 50p)

Shure 515 SB Low Impedance £14.95
Shure 515 SA High Impedance £15.75
Shure 545 Dual Impedance £29.95
Shure 588 SB Low Impedance £19.95
Shure 588 SA High Impedance £20.50

FREE with loudspeaker orders over £7 -
“HiFi Loudspeaker Enclosures” book

All items guaranteed new and perfect
Prompt despatch

Carriage: 38p per speaker, 20p per tweeter,
crossover or 21”/70mm speaker, kits 75p each
(£1.50 pair) .
ALL PRICES QUOTED INCLUDE VAT.
Send stamp for free booklet ‘Choosing a speaker’
Big discounts

on Grundig, ITT, Koyo, etc.

Send stamp for list

WILMSLOW
AUDIO

DEPT RC

LOUDSPEAKERS: SWAN WORKS
BANK SQUARE, WILMSLOW, CHESHIRE ‘

AMPLIFIERS, RADIO ETC.
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DENCO (CLACTON) LIMITED
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

Our components are chosen by Technical Authors and Constructors throughout
the Wor]d for their' performance and reliability, every coil being inspected twice
plus a final test and near spot-on alignment as a final check.

Our General Catalogue showing full product
DTB4 Transistor & Valve circuitry for D.P. Co

range
ils

DTB9 Valve Type Coil Pack Application circuity

MD 1 Decoder Circuitry for Stereo Reception

24p
24p
24p
24p

All P?St paid, but plgase enclose S.A.E. with all other requests in the interests of
retaining lowest possible prices to actual consumers

!
A
| for

“Radio & Electronics
Constructor”

Available only from:—

Data Publications Ltd.

NEW STYLE

SELF-BINDER

The “CORDEX" Patent Self-Binding
Case will keep your issues in mint
condition. Copies can be inserted or
removed with the greatest of ease. Rich
maroon finish, gold lettering on spine.

Specially constructed Binding Cords are made
from Super Liren of great strength, very hard
twisted and twice doubled. They are attached

PRICE

£1.00

including V.A.T.
P.&P.20p

to strong RUSTLESS Springs
under tension, and the method
adopted ensures PERMANENT
RESILIENCE of the Cords. Any
slack that may develop is
immediately compensated for
and the Cords will always
remain taut and strong. It is
impossible to overstretch the
springs, as a safety check
device is fitted to each.

57 Maida Vale London W9 ISN
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ELECTROVALUE

IMPORTANT
ANNOUNCEMENT

PRICE STABILIZATION

is the year of challenge. Rather than
sit back and wait we have produced

CATALOGUE DISCOUNTS
our own policy to help stabiiize price

structure and maintain the services

which have made ELECTROVALUE pre-eminent.

as shown in our latest catalogue
(No. 7, issue 3) will be maintained
at least until March 31st next

(except in severe cases of market
fluctuation) and then held after review for further
3-month periods instead of day to day price changes.

Catalogue No7Issue 3

is now ready with 108 pages of bargains and information-
Price — 30p post paid, including 25p refund voucher
for use on orders for £5 or more.

the few where prices

nlsco““'s are shown NETT. 5% on

ordersfrom£5to £14.99;10% on orders value £15 ormore,

FREE POST & PACKING

in U.K. for pre-paid mail orders over £2 (except Baxan-
dall cabinets). With orders under £2 there is an additional
handiing charge of 10p.

QUALITY GUARANTEE

All goods are sold on the understanding that they con-
form to makers’ specifications. No rejects, seconds or-
sub-standard merchandise.

apply on all items except

SUPPLIERS OF QUALITY COMPONENTS AND
SEMI-CONDUCTORS AT COMPETITIVE PRICES

ELECTROVALUE LTD.

28 St. Judes Rd., Englefield Green, Egham,
Surrey TW20 OHB Telephone Egham 3603 Telex
264475

NORTHERN BRANCH:680Burnage Lane, Burnage,
Manchester M19 1NA Telephone (061) 432.4945

All written communications to Egham address
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“| MADE IT MYSELF”

Imagine the thrill yow’ll feel! Imagine how impressed \
people will be when they’re hearing a programme on a =
modern radio you made yourself.

Ve

Now! Learn the secrets of radio
and electronics by building your
own modern transistor radio!

Practical lessons teach you sooner
than you would dream possible.

What a wonderful way to learn — and pave the way 10 a
new, better-paid career! No dreary ploughing through page
after page of dull facts and figures. With this fascinating
Technatron Course, you learn by building!

You build a modern' Transistor
Radio . . . a Burglar Alarm. You
learn Radio and Electronics by doing
actual projects you enjoy -~ making
things with your own hands that
you’ll be proud to own! No wonder
it’s so fast and easy to learn this
way. Because learning becomes a
hobby! And what a profitable hobby.
Because opportunities in the field
of Radio and Electronics are growing
faster than they can find people to
fill the jobs!

No soldering — yet you
learn faster than you
ever dfeamed possible.
Yes! Faster than you can imagine,
you pick up the technical know
how you need. Specially prepared
step-by-step lessons show you how
to read circuits — assemble compon-
ents ~ build things — expeliment.
You enjoy every minute of it!

You get everything you need.
Tools. Components. Even a versatile
Multimeter that we teach you how
to use. All included in the course.
AT NO EXTRA CHARGE! And
this is a course anyone can afford.
(You can even pay for it by easy
instalmepts).

POST
TODAY FOR
FREE BOOK

DEPT. CRE 02

To: ALDERMASTON COLLEGE

So fast, so easy,

this personalised course
will teach you even if
you don’t know a thing
today!
No matter how little you know now,
no matter what your background
or education, we’ll teach you. Step
by step, in simple easy-to-understand
language, you pick up the secrefs
of radio and electronics.

You become a man who makes
things, not just another of the
millions, who don’t understand.
And you could pave the way to a
great new career, to add to the
thrill and pride you receive when
you look at what you have achieved.
Within weeks you could hold in
your hand your own transistor
radio. And after the course you
can go on to acquire highpowered
technical qualifications, because our
famous courses go right up to City
& Guilds levels.

Send now for FREE
76 page book — see how
easy it is — read what
others say!
Find out more now! This is the
gateway to a thrilling new career,
or a wonderful hobbv you'll enjoy
for years. Send the coupon now.
There’s no obligation.

CRE 02

READING RG7 4PF ]
Yes, I'd like to know more about your course. Please send
me free details—plus your big, 76-page book that tells
about all your courses.




010 (Components) LTD . Dept

65p. plu533p32§1.‘1‘"c°

Send off the coupon today. It's
your first step to solving your
component buying problems.
The price of 98p applies only to customers in
the U.K.'and to BFPO addresses.
396

-240 London Road, Mitcham,CR4 3HD Phorie 01-648 8422

On a cold dark winter's evening, with the rain
lashing down and the wind howling- around,
there’s nothing | like better than to curl up in front
of a fire, with tea and toasted scones at my side. ..
and my catalogue on my lap. | then start choosing
the bits and pieces for my next project. Home
Radio Components had sent me one of their
special order packs, so | had six order forms and
six pre-paid addressed envelopes to simplify my
job. I've now gone even one better. When I've
written out my order, |.pick up the phone and
order direct. This was another thoughtful idea of
Home Radio. They've made it easy for anyone to
open a Credit Account without the delay and
formality of references and all that fiddle faddle.

Once you have an account, you can order any-
thing, any time during the 24 hours! Just think
what a boon that is, if you run out of wire or solder
late at night.

How ABOUT YOU?

| expect by now you're itching to know how to get in on this. It's really
quite easy; but for a start you need the fabulous Home Radio Components
Catalogue. It costs 65 pence, plus 33p post and packing; but with the
catalogue you get 14 vouchers, each worth 5 pence when used as
directed, so you can recover 70 pence of your investment. Why hesitate
any longer ? Post off the coupon below today, with your cheque or PO
for 98p, and join the merry band of Armchair Shoppers !

e - - — — —

Please write your Name and Address in block capitals >

| HOME RADIO (Components) LTD., Dept. RC, Regd. No.
234-240 London Road, Mitcham, Surrey CR4 3HD 912966 London
e D - ae -GS - - S = I N - s
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TUNING
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TWO

TRANSISTOR

RECEIVER

By A. P. Roberts

This is a simple design which provides
earphone reception of the more
powerful transmissions in the medium
wave band. A simple modification
enables the long wave Radio 2 signal
to be picked up in areas where this is
received at good strength.

HE RECEIVER DESCRIBED IN THIS ARTICLE COVERS THE

medium wave band, and is suitable for the reception
of local B.B.C. radio stations, as well as Radio Luxem-
bourg and several other Continental stations after dark.
The output is for a crystal earphone. Only two tran-
sistors are used in the circuit, one of these being a field
effect type. Despite its very simple design the set is both
sensitive and selective, and the output quality is good
with a low noise level. An unusual feature of the circuit,
in comparison with most t.r.f. designs, is that no stage of
audio amplification is used.

The set is easy to construct, and should present little
difficulty to anyone capable of preparing a printed
circuit board. A simple modification is described which
enables reception of Radio 2 on 1,500 metres long wave,
and this modification requires only the addition of two
capacitors and a switch.

398

CIRCUIT OPERATION

The circuit of the receiver is shown in Fig. 1. There
are only two stages: an r.f. amplifier incorporating TR.1,
and a regenerative detector utilising TR2.

TRI1 is connected in the grounded source mode, and
is provided with a very stable off-set gate biasing system.
R1 and R2 form a simple potential divider, and these
produce a small positive voltage which is applied to the
gate of TR1. The voltage across the source bias
resistor, R4, is equal to the voltage at the junction of R1
and R2 plus the f.e.t. gate-source voltage. This gate-
source voltage can vary widely between individual
specimens of the f.e.t. specified but, by making the gate
bias voltage fairly large in comparison, the voltage
across the source resistor and thus the current drawn by
the f.e.t. can be reliably set.

L1 is the aerial tuned winding, and is wound on a
ferrite rod. It is via this winding that the gate bias
voltage is fed to TR1. C1 bypasses one side of the aerial
winding to the negative supply rail. VC1 is the tuning
capacitor and is connected across L1: Since the fe.t.
has an extremely high input impedanck there is no need
to employ a low impedance coupling winding on the
aerial rod, as would be the case if an ordinary bipolar
transistor were used. TR1 causes very little loading on
the aerial and so a relatively high level of selectivity is
obtained, this being especially good when it is con-
sidered that only a single tuned circuit is used.

The output of TR1 is developed across the drain load
resistor, R3, and is coupled to the base of TR2 via C4.
TR2 is wired in the common emitter mode, and has R5
as base bias resistor and R6 as collector load. Due to a
certain level of non-linearity in its operation it functions

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 1. The circuit of the two transistor receiver. The output is coupled to a crystal earphone

as a detector.

Normally, a capacitor would be connected directly
between TR2 collector and the negative supply rail, so
as to bypass the r.f. content of the signal at TR2
collector and thereby leave only the required audio
signal. In the present circuit, however, R7 is interposed
between the collector and the bypass capacitor, which is
C5. In consequence no r.f. signal is present at the output
jack socket SK1, whilst a small level of r.f. is still
present at the collector of TR2. TR1 and TR2 each
produce a 180° phase shift, and so the signals at TR1
gate and TR2 collector are in phase. The capacitor
shown as CX can, therefore, introduce a pre-set level of

regeneration to the overall circuit. This regeneration
will, of course, greatly increase the receiver sensitivity
and selectivity.

The receiver audio output is available at SK1, into
which a crystal earphone may be plugged. It is important
to note that the receiver can only function successfully
with a crystal earphone, and that a magnetic earphone
must not be used.

C3 is an r.f. bypass capacitor across the supply rails.
S1 is the on-off switch, a slide type being used in the
prototype set. Power is obtained from a PP3 battery and,
since the current consumption of the receiver is a mere
1.5mA or so, battery life is extremely prolonged.

Resistors _
(All 1 watt 109%)
R1 270k
R2 27k
R3 4.7k
R4 4.7kQ
RS '1.5MQ
R6 5.6kQ2
R7 47Q
Capacitors
C1 0.022uF plastic foil, side wires
C2 0.022pF plastic foil, side wires
C3 0.033uF plastic foil
C4 0.47uF plastic foil, side wires
Cs 0.022uF plastic foil, side wires
VCi 300-350pF variable (see text)
Inductor
L1 Ferrite aerial (see text)

COMPONENTS

Semiconductors

TRI1 MPF102

TR2 BC109

Switch

S1 Slide switch (see text)
Socket

SK1 3.5mm jack socket
Miscellaneous

9 volt battery type PP3 (Ever Ready)
Battery connector

Crystal earphone with 3.5mm. jack plug
Knob

Ferrite rod, 34 by 5in- dia. (see text)
Case (see text)

Materials for printed circuit board.

FEBRUARY 1975
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This photograph of the recejver shows the
earphone socket mounted on the case side
opposite the on-off switch

FERRITE AERIAL

The ferrite rod aerial is home-made, and only
requires the one winding. This consists of 70 turns of
enamelled or double rayon covered copper wire close-
wound on a 3iin. by =in. ferrite rod. The wire gauge
can be 30 to 34 s.w.g. The winding starts about one
inch from one end of the rod, and then proceeds
towards the centre. The winding ends are held in place
by two lengths of insulating tape wound around the rod.
The coil is made up as neatly as possible with all the
turns in a single layer.

It may not be possible to obtain a rod of the specified
length, but this can be cut from a longer piece as was
the rod for the prototype. The rod is marked with a file

.at the appropriate point and the excess. then carefully
snapped off. Alternatively, a rod of a slightly different
length can be used, and a suitable 4in. by &in. rod can
be obtained from Henry’s Radio, Ltd. Henry’s Radio
also list, %in. rods in lengths of 5in., 6in. and 8in. if it is
desired to obtain the 3iin. length from one of these.

The fixed capacitors and resistors are all standard
types. Cl, C2, C4 and CS5 are specified as having side
wires, and suitable capacitors are available from Home
Radio. VCI requires a value of the order of 300 to
350pF, and the component employed in the prototype
receiver was a non-standard type having dimensions
similar to those of the Jackson Bros. type ‘O’ or type
‘00” capacitors. Any of these capacitors may be used
in the present circuit, as can any other variable air-
spaced capacitor of the requisite value and having small

dimensions. If the capacitor obtained has. integral
trimmers, these should be set for minimum capacitance. °

400

PRINTED CIRCUIT BOARD

With the exceptions of the battery and on-0:Y switch,
all the components are mounted on a small printed
circuit board. Fig. 2 shows full-size diagrams of the
copper and component sides of the board. The diagram
showing the copper side may be traced, if desired.

VCI1 is mounted on the printed circuit board in the
position indicated, and the hole required for its spindle
is marked out with the aid of the capacitor itself. It
should be just clear of R1 and Cl, and its body should
be at least iin. away from the ferrite rod. If a Jackson
Bros. type ‘0’ or 0°0’ capacitor is used, its front plate
may be held direct against the printed board surface by
drilling out a §in. hole in the latter. Alternatively, a iin.
hole can be drilled for the spindle, and the capacitor
front plate spaced off with spacing washers. These
capacitors are secured by three 4BA bolts passing into
tapped holes in the front plate, and the positions of these
holes may be marked out with the aid of a paper tem-
plate which has been pressed against the capacitor front
plate. The mounting bolts must be short; if their ends
pass inside the front plate of the capacitor they can
damage the fixed or moving vanes.

The printed board is prepared in the normal way, and
when marking out the pattern on the copper side of the
board it is advisable to use an etch resist pen, as the
pattern is fairly small and detailed and would be more
difficult to prepare using any other method. When the
board has been etched and drilled, including the drilling
of the mounting hole or holes for VCI, the various
components can be mounted and soldered into position.

The ferrite rod is held in position by two pieces of
stout tinned copper wire at its ends. If the diagram
showing the copper pattern is examined, it will be seen
that there is a small circle of copper around each of the
holes through which the pieces of wire pass. The wires
can be soldered to these copper circles. The ends of the
pieces of wire must be insulated from each other as,
otherwise, short-circuited turns would be effectively
applied around the ferrite rod and it would be prevented
from functioning correctly. Each of the wires must be

A view inside the case. There is ample space for
the small number of parts required
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Ferrite rod

\

Rear of VCj

Fig. 2. The copper and component sides of the
printed circuit board

pulled tight. The author found that the best method of
doing this was to take a short length of the wire and
solder one end of this at one of the holes in the board.
The other end of the wire, after passing over the ferrite
rod, was then passed through the other hole, and firmly
pulled tight from the copper side of the board using a
pair of pliers. This end was then soldered at its hole and
the excess wire cut off with a pair of wire clippers.
Capacitor-CX consists of two lengths of single strand

p.v.c. covered wire about 14in. long. These are twisted

together as shown in the dlagram

To complete the panel the connections to VCI, and
the external wiring to SK1, S1 and the battery connector
can be carried out. The external leads should be long
enough’ to reach the- appropriate components com-
fortably. The only connection not shown in Fig. 2 is
that between the positive battery clip and the tag of S1
which does not connect to the printed circuit board.

FEBRUARY 1975

THE CASE

The prototype receiver was housed in a ready-made
plastic case havmg internal dimensions of 23 by 4% by
1-%in. This is described as a ‘Norman Rose Type PBl’
case and is available from Trampus Electronics Ltd.,
58-60 Grove Road, Windsor, Berks. Readers are
advised to ensure that the case will accommodate the
particular capacitor employed for VCI1 before obtaining
it. Any alternative non-metallic case of around the same
dimensions can, of course, also be used. A suitable case
could, again, be assembled with plywood.

The general layout inside the case can be seen from
the photographs of the prototype receiver. The exact
positioning of the parts is not critical. A standard size
slide switch is used as the on-off switch in the prototype,
but there is barely enough space for this and it would
probably be found more convenient to employ a
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‘miniature type. Make sure that the printed circuit board
is positioned well towards the top of the case so that
there is sufficient space beneath it to accommodate the
battery.

If the case used by the author is employed there is
little danger of cracking the plastic when drilling it, as
it is made from a fairly soft and pliable material. It is
rather awkward to drill, however, and so great care
should be taken during this operation. The rectangular
cut-out for the slide switch can be made with the aid of a
sharp modelling knife, which easily penetrates the soft
plastic. .

When all the drilling has been completed, the parts
can be mounted in the case. The author held the printed
circuit board in position by the simple expedient of
fitting a piece of foam plastic to the case lid underside
which pressed down on the back of VCI when the lid
was fitted. A second piece of foam plastic can be used to
similarly hold the battery in place. Suitable alternative
means of securing the printed circuit board may be
devised, if necessary.

TESTING

Now that the constructional work has been completed
a battery can be connected, but the back of the case
should not be fitted yet. The wires forming CX should
only be partially and loosely twisted together at this
stage. Plug a crystal earphone into the output socket and
switch the set on.

It should be found that rotating the control knob of
VCI enables a few stations to be received, although
perhaps only fairly weakly. Twisting the two wires
which form CX more tightly together should improve
performance up to a point. If they are twisted too tightly
together the set will oscillate and proper reception will
be impossible. Oscillation is heard as a whistle as the set
is tuned over a station. For best results the two wires are
twisted together as tightly as possible without the set
breaking into oscillation at any setting of VC1. When
this adjustment has been made the back of the case can
be fitted, and the set is ready for use.
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Another view of the receiver components

LONG WAVE RECEPTION

A simple modification which will allow reception of
B.B.C. Radio 2 on the long wave band is shown in Fig.
3. It should be noted that this modification should only
be carried out if the receiver is used in areas where there
is good reception of the Radio 2 signal. A switch is
added which, when closed, connects two capacitors in
parallel across the tuned circuit, thus reducing its
resonant frequency so that it can be tuned through that
of Radio 2, i.e. 200kHz. When the switch is open the
circuit operates as before.

> Cy
r. € +9V
vC
680pF 500 2 '
rl T =
4 o>
/- TET0 # TR| qate
Additional Ly
components-
M.W.'\ Lw.
R BC

Fig. 3. A simple modification which enables the
long wave Radio 2 signal to be received in areas
of good signal strength

The values shown for the two capacitors are those
which were found to be suitable with the prototype.
The 680pF component may need to be replaced by one
having a slightly different value with other receivers, due
to slight differences between individual ferrite rod
aerials and the tolerances of the capacitors. The added
capacitors may be silvered mica or ceramic.

There should be sufficient space in the case above S1
to take the extra switch. The two capacitors are wired
between this and the fixed vanes tag of VCI. B
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REGENT PUBLICATIONS i |§

RADIOISOTOPE EXPERIMENTS IN PHYSICS, CHEMISTRY AND BIOLOGY. By
J. B. Dance. 246 pages, 215 x 140 mm. (8% x5%in.) Published by Hutchinson Educational Ltd.
Price £1.75.

This title is a considerably expanded and updated version of the author’s ‘Radioisotope Experi-
ments for Schools and Colleges’ which was first published by Pergamon Press in 1967. The main
object of the previous and present works is to demonstrate that many safe and instructive experi-
ments can be carried out using compounds of the naturally occurring radioisotopes together with
a few sealed sources. Also included in the present book are experiments which show typical
applications of unsealed isotopes in chemical and biological work. No sophisticated counting
equipment is required and in most cases simple geiger counters or photographic emulsions are
employed.

The first section of the book deals with fundamentals, radiation measurement, naturally occurring
radioisotopes, health physics and practical considerations. These are then followed by the experi-
ments, of which there are 77. After the experiments, some 21 pages are taken up by sample
examinatian questions, these being followed by appendices, references and the index. Included
among the appendices is a summary of the statutory requirements which need to be observed in
the handling and transportation of radioisotopesin the U.K.

The volume forms a very helpful textbook for GCE and Advanced level students. The experiments
are described in an economic and concise style, and all the essential practical details are dealt with
in full. Diagrams are drawn clearly and there are 8 pages of photographs.

RADIO-ELECTRONICS HOBBY PROJECTS. 198 pages, 215 x 130 mm. (8% x 5%. in)
Published by Foulsham-Tab Limited. Price £1.45.

This book, which is in the Foulsham-Tab list of American texts with introductory chapters for
U.K. readers, is made up of projects which originally appeared in the American journal Radjo-
Electronics. As such, they can be looked upon as having a reliability which has been proven by
previous magazine publication. The projects are divided into five broad categories: stereo and hi-fi,
electronic musical devices, automobile ancillaries, projects for the home, and test and measuring
equipment.

All the active devices used in the 33 projects which appear in the book are solid state, being
transistors or integrated circuits. The projects will hold most appeal for the more experienced con-
structor, who will be more capable of finding equivalents for those components and transistors
which are not directly available in this country. The book also provides a useful source of ideas for
the experimenter, as well as illustrating constructional thinking on the other side of the Atlantic.

ACOUSTIC TECHNIQUES FOR HOME AND STUDIO. By F. Alton Everest.
230 pages, 215 x 130 mm. (8% x 5% in.) Published by Foulsham-Tab Limited. Price £1.50.

Another title in the Foulsham-Tab series of American texts, ‘Acoustic Techniques for Home and
Studio’ deals with the acoustic treatment of rooms and studios intended both for the reproduction of
sound and for the recording, or broadcast, of sound. q

The book describes in detail the effects of reverberation and sound reflection, and discusses the
various treatments needed to overcome unwanted respnances and similar undesirable character-
istics. A wide range of techniques can be employed here, these including contour shaping of walls
and ceiling, the use of materials having different absorption characteristics and the fitting of
polycylindrical diffusers, or ‘polys’. Also dealt with is the exclusion of external noise, and the
author discusses, further, economical solutions to acoustic problems which have been employed
by small low-budget broadcasting stations.

This is a most interesting book on a subject which receives infrequent attention. It has particular
appeal for the reader who is interested in the recording or broadcasting of high fidelity sound as
well as for the general hi-fi enthusiast.

LEARN ELECTRONICS BY BUILDING EASY-TO-BUILD PROJECTS. By John Schroeder.
214 pages, 215 x 130 mm. (8% x 5% in.) Published by Foulsham-Tab Limited. Price £1.35

Written for the beginner, this book is intended to show how experience with elementary
electronics may be gained by the assembly of simple working circuits. The book commences with
a general review of radio as a hobby then carries on to tools and soldering. Further chapters discuss’
frequency and wavelength, resistors, capacitors, coils, resonant circuits, transformers, component
symbols and circuit diagrams. The subsequent chapters are concerned mainly with the construction-
al projects, these including a crystal receiver, 2 and 4-transistor amplifiers, a regenerative valve
receiver, a regenerative transistor receiver and a pocket transistor receiver.

The book can be readily followed by anyone having a basic knowledge of electricity and the
ability to undertake simple constructional work.,
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By G. A. French

N TABILIZED POWER SUPPLY DESIGNS
appear fairly frequently in the
pages of the technical press, and range
from elementary circuits to quite com-
plicated assemblies offering a wide
variety of facilities. The design to be
described in this article is reasonably
simple and will be found especially
suitable for amateur experimental
work. The output voltage is continu-
ously variable from zero to about 12.5
volts and the output current can be
limited at any leve! between 20 and
150mA. This last feature offers a
particular advantage for experimental
work since it ensures that the current
flowing in the supplied equipment can-
not exceed the limiting value. Thus,
components in the supplied circuit are
automatically protected from excessive
current flow if there is an accident, an
error or a fault which would otherwise
cause damage. If desired, the limiting
current range can be altered to 30 to
200mA by changing the value of one
component in the supply. The voltage
regulation is reasonably good and
should be more than adequate for most
amateur experimental work.

CIRCUIT DIAGRAM

The circuit-of the supply appears.in
Fig. 1, and it will be noted that the
rectifying and voltage adjustment
section follows conventional practice.
The 17 volt secondary of transformer
T1 couples to the bridge rectifier given
by D1 to D4, whereupon a rectified
voltage appears across the reservoir
capacitor Cl. This rectified voltage is
applied to R1 and ZD1 in series,
causing a stabilized voltage of about
15 volts to appear across the zener
diode. The voltage control potentio-
meter, VR1, is connected across ZDI1
and its slider can be adjusted to tap off
any potential, with respect to the lower
circuit rail, between zero and the full
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POWER SUPPLY

zener voltage. VR1 slider connects to
the input base of the Darlington pair
given by TR1 and TR2, These offer a
considerable amount of current gain
and a positive output with a high cur-
rent capability is available at the
emitter of TR2. The voltage at this
positive output point is equal to the
voltage tapped off by VR1 slider less
about 1.2 volts dropped in the base-
emitter junctions of the two tran-
sistors. Capacitor C2, between the
slider of VR1 and the lower circuit
rail, smooths out any ripple that may
still be present across the zener diode.
It also enables the positive output
point to be at a low a.c. impedance
with respect to the lower rail.

The section of the circuit so far
described follows standard practice for
a simple variable voltage power supply.
The circuitry around TR3 and TR4
provides the current limiting facility,
and this is not so conventional.
Essentially, TR3 and TR4 form a con-
stant current generator. A stabilized
voltage of about 1.7 volts is formed
across the forward biased light-
emitting diode, LED1, and this voltage
is applied to the base of the germanium
transistor TR3. A voltage drop of
around 0.1 volt appeats in its base-
emittet junction, causing a voltage of
some 1.6 volts to be applied to the base
of TR4. TR4 is a silicon transistor,
with a 0.6 volt drop in its base-emitter
junction, whereupon about 1 volt ap-
pears across the two potentiometers
VR2 and VR3.

The collector current of TR4 cannot
be greater than its emitter current and,
since the emitter voltage is fixed at
about 1 volt, the emitter current can be
adjusted by varying the values of VR2
and VR3. The collector-current of TR4
flows in.the supplied equipment and, if
this current is lower than the limiting
emitter current value in VR2 and VR3,
TR4 simply functions as a hard-on
transistor with a drop of around 0.2
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volt across its emitter and collector. If
TR4 collector current, and hence the
power supply output current, rises to
become nearly equal to the limiting
emitter current value the voltage across
TR4 increases, thereby causing less
output voltage to be available from the
power supply. Any attempt to increase
the output current merely resuits in a
reduced power supply output voltage.
If the output terminals are short-
circuited the collector of TR4 takes up
the same potential as the emitter of
TR2 and the current which flows
through the short-circuit is the limiting
value set up by VR2 and VR3.

Besides serving as a voltage stabi-
lizing device, LED] also functions as
an indicator that the power supply is
switched on. It can be mounted on the
front panel of the supply, and it gives a
bright red glow when the mains is
applied and on-off switch S1 is closed.

Connected across the output termi-
nals is resistor R4. The function of this
resistor is simply that of drawing a few
milliamps when no current, or a very
low current, is otherwise taken from
the power supply. This improves
regulation at these current levels.

When the unit has been assembled,
VR2 is set up such that a limiting out-
put current of 150mA is given when
VR3 inserts minimum resistance into
circuit. Lower values of limiting cur-
rent may then be selected by suitable

-adjustment of VR3, the limiting cur-

rent value decreasing as this potentio-
meter inserts more and more resistance
into circuit. If TR4 emitter is at the
theoretically assumed level of 1 volt,
the lowest limiting current of 20maA is-
given by an emitter resistance of 50Q.
In practice it was found that VR3 had
to insert some 60 to 70Q into circuit to
obtain a 20mA limiting current, and’
for this reason a 100Q potentiometer is
specified for VR3. This enables the
20mA setting to be passed through as
the potentiometer spindle is rotated.

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 1. Complete circuit of the current limiting power supply. Output voltage is controlled by VR1 and

It is possible to calibrate VR3 in
terms of limiting current. Also, VR1
may be calibrated in terms of approxi-
mate output voltage. In consequence,
the power supply can, when assembled,
be very quickly set up to produce any
desired output voltage and limiting
output current within its range, either
before or during the time it is connect-
ed to the supplied equipment.

If needed, an electrolytic capacitor of
any value up to 1,000wF may be con-
nected across the output terminals. A
high value capacitor will result in a
rather sluggish change in output
voltage as VR1 is adjusted, but this
effect does not represent a serious
disadvantage.. With a large value
capacitor across the output terminals

it is possible for a high surge current to-

flow from the capacitor should there
be a sudden increase in current demand
by the supplied equipment. This surge
current does not flow from the power
supply itself, the output current of
which cannot exceed the limiting
value.

A chassis connection to the supply is
made at the negative output terminal.
No other points in the supply are con-
nected to chassis.
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limiting current level by VR3

FURTHER FACTORS

A number of further factors may
now be considered in detail.

As already stated, the positive out-
put point of the supply has a potential
equal to that on the slider of VR1 less.
the voltage drop in the base-emitter
junctions of TR1 and TR2. In conse-
quence, it is evident that there will be
no positive output voltage until the
slider of VR1 taps off at least 1.2 volts
as it travels up from the lower end of
its track. Also, the negative output
terminal of the supply unit is about 1.2
volts positive of the lower circuit rail
due to the circuit around TR4, with the
result that VR1 slider has to advance
to a setting which taps off about 2.4
volts before an output voltage becomes
available at the two output terminals.
Because of these two points, some 15%,
of the total adjustment available in
VR1 is ‘wasted’, since the first 15% of
spindle rotation corresponds to zero
output voltage. This fact causes no
practical difficulties, as the remaining
859, of total slider rotation is still more
than adequate to allow precise resolu-
tion of the output voltage. Neverthe-
less, if it is desired to ensure that

nearly all the adjustment in VR 1 causes
a useful voltage change, a 750 } watt
fixed resistor may be inserted between
the lower end of VRI1 track and the
lower circuit rail.

There are also several points out-
standing concerning the current limit-
ing section of the supply, and readers
who are familiar with constant current
circuits may be curious about the in-
clusion of TR3 between the stabilized
voltage point given by LED1 and the
base of TR4.

An explanation can be given here
with the aid of Figs.2(a) and (b).
Fig. 2(a) shows a circuit in which TR4
base is coupled directly to the light-
emitting diode, and this represents the
usual form taken up by a bipolar tran-
sistor when it is employed as a con-
stant current generator. The circuit
works quite satisfactorily as a current
limiting device, and the constant cur-
rent-from the collector is very nearly
equal to the emitter current which is
set up by VR2 and VR3.

For the present application, how-
ever, the arrangement of Fig. 2(a)
suffers from a disadvantage. When the
collector current is lower than the con-
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Fig. 2 (a). The current limiting circuit which would be set up if TR3

(b). The inclusion of TR3 ensures tha
of TR4 does not vary with different collector ¢

stant current limiting value there is in-
sufficient current available to the tran-
sistor to maintain the required voltage
across VR2 and VR3. In consequence
there is an increase in the current
flowing into the base of TR4 via R2.
The extreme instance occurs when
there is zero collector current, since
current from R2 then flows directly
into VR2 and . VR3 by way of the
transistor base-emitter junction, which
is now acting as a forward biased
diode. As a result there is an increased
voltage drop across R2, a reduced
voltage at TR4 base and very little
current in the light-emitting diode.
Further, the voltage at the emitter falls,
as also does the voltage at the tran-
sistor collector. The overall effect is
that the collector goes negative as
collector current decreases or, con-
versely, the collector goes positive as
collector current increases. In the
present application the collector of
TR4 is also the negative output
terminal of the power supply, and it
needs to be held at a constant potential
for all output currents from zero up to
nearly the full limiting current. With
the circuit of Fig. 2(a) the collector of
TR4 goes positive as output current,
below the limiting value, increases, and
the result is a worsening of the overall
voltage regulation performance of the
power supply.

The problem is overcome by insert-
ing TR3 between the l.e.d. and TR4,
as shown in Fig. 2(b). TR3 is a power
transistor and its function is to main-
tain the required full current in VR2
and VR3 at all times. When TR4 col-

a06

Output

VR3

[]

(b)

were omitted

lector current is high, the output
current from TR3 emitter into TR4
base is merely that needed to maintain
the collector current in TR4. When
TR4 collector current is low an in-

creased current flows from TR3

emitter via the base-emitter junction of
TR4 into VR2 and VR3, whereupon
the voltage across these two Compo-
nents, and in consequence that at the
collector of TR4, remains unchanged.
At the same time, the maximum cur-
rent drawn from R2 by TR3 base still
cannot exceed the maximum emitter
current in TR3 divided by the current
gain of this transistor.

Resistor R3 is a current limiting
resistor which prevents needless power
dissipation in. TR3. If VR2 and VR3.
are set up for a limiting current of
150mA and zero current flows in TR4
collector, then 150mA. flows from TR3
emitter into the base-emitter junction
of TR4. R3 has a value of 68Q and the
current of 150mA causes a voltage of
10 volts to be dropped across it. The
voltage remaining for TR3 is more than
adequate for this transistor to function
as an emitter follower. The value
specified for R3 is satisfactory also if it
is desired to have a maximum limiting
current of 200 instead of 150mA, this
being the next outstanding point to be
discussed. TR3 is germanium instead
of silicon, incidentally, because the
high reverse base-emitter voltage rat-
ing of a germanium transistor prevents
possible problems at switch-off when a
high value electrolytic capacitor is
connected across the supply unit output
terminals.

t the collector potential'
urrents

The maximum limiting output cur-
rent can be increased to 200mA by
employing a 680 wire-wound potenti-
ometer for VR3 instead of the 1002
component shown in Fig. 1. Since the
maximum limiting current is given
when VR3 inserts minimum resistance
into circuit it would appear that its
maximum resistance value cannot
affect the matter, but what has to be
taken into account here is the current
which the potentiometer itself has to
pass. Virtually all the wire-wound
potentiometers available on the U.K.
home constructor market are rated at
3 watts for the entire track, and this
limits maximum current over any part
of the track to 170mA for a 100Q com-
ponent and 210mA for a 682 com-
ponent. Employing a 68Q potentio-
meter for VR3 will result in the mini-
mum limiting current which can be
conveniently obtained being of the
order of 30mA. If, however, a 100Q
wire-wound potentiometer with a rat-
ing of 5 watts or more can be obtained
this may be employed for VR3, where-
upon the maximum limiting current
rating can extend to 200mA whilst the
minimum current rating remains, at
20mA. Suitable 3 watt potentiometers
in both 100Q and 68Q are available
from Home Radio. VR2 is a small
pre-set wire-wound potentiometer and
can have a rating of 1 watt or more.
1t should be added that the circuit, in
its present simple form, is not suitable
for the provision of maximum limiting
currents which are much higher
than 200mA.
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COMPONENTS

The components are all readily
‘obtainable, and the two wire-wound
potentiometers have already been
dealt with. The voltage control, VR,
can be a standard size carbon track
potentiometer. Long-term perform-
ance will probably be improved if a
‘moulded track’ or wire-wound poten-
tiometer is used here.

T1 is a small battery charging trans-
former having a secondary rated at
around 17 volts at 1 amp. Diodes D1
to D4 were 2 amp silicon rectifiers in
a,metal encapsulation, They may have
a p.i.v. rating of 100 volts or more.

Assuming a 200mA. maximum out-
put, the maximum possible dissipation
in TR2 approaches 4 watts, whilst
maximum dissipation in TR3 and TR4
is 1 watt and 2.5 watts respectively. All
three transistors need to be mounted on
heat sinks. A suitable sink for TR2
would be a flat metal plate about 4 in
by 4 in, whilst those for TR4 and TR3
can be proportionately smaller. If a-

l}.
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zero to about 12.5 volts by adjustment
of VRI. Finally set VR1 for maximum
output voltage and switch off again.
Connect a testmeter switched to read
150mA or 200mA, according to the
desired output current, across the out-
put terminals and switch on again. A
low current of around 10 to 30mA will
be indicated. Slowly adjust VR3 until
it is at the point where it inserts
minimum resistance into circuit. This
adjustment should cause the output
current to gradually increase, but it will
still be below the maximum level. Then
carefully adjust VR2 until the desired
maximum current figure is obtained.
Great care must be taken to ensure that
VR2 does not insert too low a resist-
ance into circuit as the output current
will then be excessive. As soon as VR2
has been set up it should be left alone
and all subsequent current adjustments
carried out by VR3 only. This poten-_
tiometer may be calibrated in terms of
the current indicated by the meter. The
current reading meter is then discon-
nected and a voltmeter connected in its
place, allowing VR1 to be calibrated in
terms of output voltage.

80

Output current (mA)

Fig. 3. Curves showing output voltage against output current for.
limiting current levels of 20mA and 100mA

metal chassis is employed, TR4 can be
bolted directly to this, the chassis
acting as the heat sink.

When the power supply has been
constructed it becomes necessary to
set up VR2 and to calibrate VR3 and
VRI. hitially adjust VR2 and VR3 to
insert maximum resistance into circuit,
connect a voltmeter across the output
terminals and switch on. It should be
possible to obtain output voltages from
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Fig. 3 shows typical regulation
curves for the unit. Both curves in this
diagram are for a 10 volt output, one
being for a limiting current adjustment
of 20mA and the other for a limiting
current adjustment of 100 mA.. As can
be seen, the fall in voltage as the limit-
ing current is approached is quite
rapid and in neither instance is the
limiting current exceeded. [ ]
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NEWS

AND

IMPROVEMENT VACUUM RECORD
CLEANER

Groovac II, the latest version of their unique vacuum
record cleaner, is now available from R.I. Audio, of
Kernick Road, Penryn, Cornwall. It is more efficient,
has even better tracking performance and fits every type
of turntable.

Vacuum cleaning is the most effective way of remov-
ing the fine dust particles which accumulate at the
bottom of record grooves. It is these fine dust particles
which cause record and stylus wear, and which generate
spurious audible clicks etc. Just as the vacuum cleaner
has replaced the broom in the home and elsewhere, so
vacuum cleaning is now replacing brush cleaning for
records.

The Groovac consistsof an arm, similar in appearance
and operation to a pick-up arm, together with a suction
enclosure. The arm mounts magnetically or by adhesive
pad onto the motor board and is connected by light
tubing to the suction enclosure. The enclosure can be
situated beside the record player or a short distance
away. In operation the Groovac arm tracks inwards
and removes dust from a band of grooves which in-
cludes the track in which the stylus is running.

An anti-skating device has been incorporated into the
arm to ensure correct tracking at the very low tracking
force of 0.6 gram. This low tracking force permits the
use of fine cleaning nozzle hairs which penetrate to the
bottom of record grooves, and achieves an almost
immeasurable reduction in turntable speed.

Price £11.90 plus VAT (95p): Postage and packing
65p.
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HEADPHONES TO PREVENT
DEAFNESS

Workpeople sometimes think they’re getting used to the
noise of surrounding plant or machinery but in fact they
are going slowly deaf under the battering of their ear-
drums. But even when they know the danger they are
hard to persuade to wear officially-provided ear-
defenders, Now this may change — there is a defender
with a built-in persuader, as BBC World Service
industrial health correspondent reported. Many work-
people, he said, don’t like the feeling of isolation they
get when the noise from their surroundings is muffled
by ear-defenders.

One way to remove this sense of isolation and at the
same time give a person a positive incentive to wear
ear-defenders is to turn the defenders into headphones
through which music is played.

But a headphone plugged into a wall socket in effect
tethers a person to the spot, which can be dangerous as
well as a nuisance. The right answer is wire-less trans-
mission of the music to the headphones, and this is the
new ear-defender system that has just been launched by
the British firm Rediffusion Reditune Ltd.

Anyone who does not want the “piped” music at any
time can switch it off with a control knob on one of the
earpieces. He can use the same knob to control the
volume of the music too.

The defenders have been developed for the company
by a former BBC development engineer, Barry Pyatt.
He has adapted a commercial type of ear-defender,
trademarked Amplivox Sonogard, of the sort used to
protect workers’_ hearing against noise on aerodrome
runways.

This may make the defender seem almost too im-
pregnable, but in fact the wearer can hear what is said
to him by a person nearby. Tests have shown that the
loss of understanding of speech with music in one ear
only is much less than with music in both ears.

Radio transmission to the headphones is by means of
an induction loop.

TV FAULT FINDING

We have recently published an extensively revised,
and enlarged, edition of one of our most popular data
books. »

TV Fault Finding-for 405/625 lines is now in its fifth
revised edition, after numerous reprintings. This latest
edition has been brought up to date by J. R. Davies,
Technical Editor of this magazine.

The book contains more than 100 illustrations,
including 60 photographs of a television screen after
the appropriate faults have been deliberately introduced.

- Tt also contains a valuable comprehensive Fault Find-

ing Guide, cross-referenced to methods of fault
rectification described at greater length in the text.

At 132 pages for 90p, it is marvellous value - copies
by post £1.00.
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COMMENT

AMATEUR RADIO NEWS SERVICE

The Amateur Radio News Service was founded some
years ago to fill a void in amateur radio in that there was
no worthwhile organisation which sought to create co-
operation between the various club paper editors and
the public relations people working towards the better
understanding of the place of amateur radio in society.

The ARNS has two basic services: Publications and
Public Relations. There is a Vice-President for each of
these divisions. The ARNS philosophy is that the back-
bone of amateur radio is the radio club and the most
successful clubs are those having a successful club
paper. :

In the publications field, ARNS exists to aid and
assist amateur radio newspaper editors in any manner
possible to improve their publication, whether it be
from the purely technical viewpoint or the material
itself. Newcomers to editing should find the service
invaluable in solving problems.

ARNS members derive benefits including a copy of
the monthly Bulletin, a 20-page offset printed periodical,
mailed directly from the printer in Kansas around the
10th of each month.

Details from: N. A. S. Fitch, G3FPK, 40 Eskdale
Gardens, Purley, Surrey.

MARCONI WINS CONTRACT FOR
SATELLITE EARTH STATIONS

Marconi Communication Systems Limited, a GEC-
Marconi Electronics company, has been awarded
contracts by the British Post Office and Cable and Wire-
less Limited worth nearly £1 million which include the
provision of equipment to two new satellite earth
stations being built in Fiji and Dubai, and to increase
the traffic capacity of six other stations already in
service.

The contract from the British Post Office is for equip-
ment to increase the traffic capacity of the three satellite
earth station terminals at Goonhilly in Cornwall.
Marconi is also to increase the capacity of the Cable and
Wireless terminals at Hong Kong and Bahrain and,
under a contract worth nearly £4 million, will provide
microwave receiver chains, modulators and trans-
mitters for the new Cable and Wireless termmals in Fiji
and Dubai.

COVER PRICE INCREASE

We regret that, because of continuing substantial in-
creases in costs, the cover price of this magazine will be
increased to 30p commencing with next month’s issue.
The new price will enable us to continue our present
standards and maintain our reputation for reliability.
FEBURURY 1975

8 TRACK PLAYER AND CAR RADIO

Radiomobile Limited, of North Circular Road, London,
NW2, announce another addition to their range of equip-
ment. The, Radiomobile 133SR stereo 8 car tape player
and radio.

The new Radiomobile 133SR is meost attractively
styled and is manufactured to Radiomobile’s design
specification by the same Company who produce the very
popular 102S 8 track player.

There is full manual tuning on both long and medium
waves, tone control for both radio and tape, balance
control for optimum speaker settings for the stereo tape.
Special features include a repeat button for a chosen tape
programme and coloured programme indicator panel

The Radiomobile 133SR with its compact size of
7" x 2" x 61" is designed for in-dash or under-shelf
fitting and like ALL Radiomobile players is supplied
complete with its own installation kit and two speakers.

The recommended retail price of the 133SR is £62.50
Pplus VAT.

“Dad, Mum was ever sorsurpnsed
‘I've made her a reading.lamp out ot
the colour TV4”
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SN 7400
OSCILLATORS

N

- When provided with the requisite
Input bias, each of the gates in an
SN7400 integrated circuit is capable
of functioning as an LC controlled
oscillator. Circuit configurations are
described here for the benefit of the
more experienced constructor who is
able to obtain or wind suitable coils.

THE SN7400 1s WELL KNOWN AS A VERY USEFUL DIGITAL

integrated circuit which is easily obtained at low
cost. It is a quad 2-input NAND gate and has been
described in earlier issues of this journal. To remind
readers, Fig. 1(a) shows the pin layout and the connec-
tions to the four gates, whilst Fig. 1(b) gives the internal
circuit for one gate.

Veet 4B 4A 4y 33 3A a3y
l4 N Y Y O O Y

Inputs

7 5 3 ) o 0
IA 1B 1Y 2a 2B 2Y GND
SN7400N
Top view

(a)

By D. F. W. Featherstone

COMPACT OSCILLATOR

Although the SN7400 has many uses in logic applica-
tions, for which of course it was designed, it may not be
appreciated that it can also be used as a very compact
oscillator requiring very few external components. In
this way one SN7400 can provide four separate oscil-

lators.

Output

=0 GND

(b)

£ig. 1 (a). Pin layout and internal connections of the SN7400 integrated circuit
(b). The circuit of one of the gates
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For this application a NAND gate is wired as an
inverter, that is with both inputs connected together.
The basic circuit is shown in Fig. 2.

It will be seen that as the output and input are in
anti-phase a centre-tapped tuned coil is employed in
conjunction with a parallel capacitor to determine the
frequency of operation, the ends of this tuned circuit
being capacitively coupled to the output and input. With
no d.c. connection to the input the output remains in the
low state, and it is necessary to bias the gate towards the
changeover condition to start oscillation. This is achiev-
ed by R1. If R1 is initially a pre-set component of 5kQ
it will be found that by reducing the resistance it
presents to the circuit a value will be found at which the
gate starts to change state and oscillation will begin. If
desired, a fixed resistor of suitable value can then be
wired in the R1 position.

The output waveform obtained from the basic
circuit of Fig. 2 may be almost a square wave, this being
particularly the case at low frequencies. The waveshape
is due to the low impedance and non-linearity of the
NAND gate. An improvement can be given by using
coupling capacitors of suitable value for the frequency
concerned. The circuit of Fig. 2 is reliable and will
operate from the low a.f. to the high r.f. range. Its ad-
vantage lies in the simplicity and the low number of
external components, which make for a compact layout.
The output can be taken from the output pin of the i.c.
or from a secondary winding on the inductor.

In Fig. 3 the circuit is modified slightly by the inclu-
sion of tappings in the inductor. These give better
matching to the NAND gate and, consequently, much
less damping of the tuned circuit. The waveform is
therefore considerably improved but it may not always
be possible to find centre-tapped inductors with suitably
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Fig. 2, The basic oscillator, which cdn incorporate

any one of the gates in the integrated circuit.

At audio frequencies C1 and C2 need to be

electrolytic, at around 5uF, whereupon they have
the polarity shown
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CiCo 150 to I0,000pF for RF. oscillation

Fig. 3. A circuit which gives improved matching

placed tappings, particularly for audio oscillators. Good'
results are obtained when the feedback tappings are
259% to 509% out from the centre tap.

CURRENT DRAIN

The rather high current taken by the device makes it
unattractive for battery powered circuits, but this is not.
likely to be a problem in mains powered equipment.
The Table shows that at the normal supply voltage of 5

TABLE
Current Consumption (One Gate Oscillating)
Relative
Vce Current Output
(mA) Amplitude
5 13 1.0
4 9.5 0.7
3 6 0.4
2.5 ; 4 Very low
2 No oscillation

volts current consumption with one gate functioning as
an oscillator is typically 13mA; but this current can be
reduced considerably by employing a lower supply
voltage. Prolonged operation at 13mA appears to do no
harm to the SN7400 and there is no appreciable temper-
ature rise with only one of the four gates in use. This
may not apply if two or more gates were operated at
13mA. The third column in the Table indicates relative
output amplitude, the amplitude at Vcc = 5 volts being
given the arbitrary value of 1.0.
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Fig. 4. Oscillator circuit with variable frequency
contro/

Fig. 4 shows an arrangement for variable frequency
operation. The output capacitor can connect either to
the top end of the tuned circuit or to a tapping as shown.
A high L/C ratio is preferable in this circuit.

Oscillation appears to be possible up to almost
100MHz but for this sort of frequency the circuit of
Fig. S is more suitable. It will be noticed that this bears a
resemblance to the local oscillator circuit of many
v.h.f. receiver front ends, but it is by no means a
grounded base configuration.

In the lower frequency ranges a convenient check of
oscillation can be made by simply measuring the voltage
at the gate output pin with a good quality testmeter set
to its 5 or 10 volt d.c. range. Vcc should be § volts for
this check: If the gate is not oscillating its output

RADIO & ELECTRONICS CONSTRUCTOR

Connect direct to IC.__
with short leads N

/ "

S50
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L
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T ! A

L= 6turns overall of 16sw.g. tinned copper,
diameter '72”, length 3/4”

C,C2.C4 —ceramic

Fig. 5. Experimental v.h.f. oscillator giving
possible operation at 90MHz

voltage will be high or low, at about 3 volts positive or
near chassis potential. If, on the other hand, the gate is
oscillating the voltage indicated will be the average of
these, which is about 1.5 volts. This is not always a
conclusive test because it is sometimes possible for the
application of the meter test lead to cause oscillation to
cease, but conversely it should not be possible to obtain
a 1.5 volt reading without oscillation taking place. [

‘Carol’ Model TR/7 combined tape recorder and cine
synchronising unit made by Contronics Ltd. — A. J.
Simmonds, 18 Stuart Evans Close, Welling, Kent -
- Information on values of volume and tone controls.

Vancouver Radio Laboratories, Model VRL-401 ~ L. E.
Waldron, 60 Catherine Rqad, Chell Heath, Stoke-on-
Trent, Staffs. — Circuit diagram or any. information.

CAN ANYONE HELP?

Requests for information are inserted in this feature free of charge, subject to space being available. Users of this

servioe undertake to acknowledge all letters, etc., received for to reimburse all reasonable expenses incurred by

correspondents. Circuits, manuals, service sheets, etc., lent by readers must be returned in good condition
within a reasonable period of time.

G.E.C. Brt. 432 Receiver — P. Horeckyj, 76 Main Street,
Broughton Astley, Nr. Leicester, LES 6RD - Circuit or
Service Manual, loan or purchase, or any information.

Trio S.W. Receiver, Jennen 9R-41 — M. Brennan, Green
Hill, Kinsale, Eire — Circuit details, purchase or borrow.

Simpson, Model 260 Multimeter (OPV 20,000 DC,
1000 AC) — F. dill, 19 Leith Road, Sale, Cheshire,
M33 2LR - Circuit and/or Service Sheet, to borrow or
purchase.
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New Products =

CALRECK MICROPHONE

LITESOLD’S THERMAL WIRE

Beyer Dynamic, who are
the Distributors of Calrec
microphones, have intro-
duced the new 656 tran-
sistor capacitor microphone.
These cardioid microphones
offer a choice of bass
response for close talking
and vocal use or full fre-
quency range for instru-
mental use. In fact they
have been particularly de-
signed for the entertainer,
although they will also be
used for reporter/interviews.

The Calrec 600 series
have smooth, extended fre-
quency response. The wide
dynamic range eliminates
overload and has excellent
transient response. The
microphones are robust in
construction and completely
shock resistant. The output
is easily adjustable by the
user to match any amplifier,
mixer or recorder. Finished
in a pearlised satin anti-
glare chrome. Two year
guarantee.

For further information
contact: Eyeline Communi-
cations Ltd., 84-86 Chan-
cery Lane, London, WC2A
1DL.

STRIPPERS

Litesold’s Adamin thermal wire strippers are designed for
easy one-handed operation with virtually no risk of
damage to the wire conductors. They may be used right
or left-handed and will strip coverings up to approxi-
mately 4 mm diameter.

The electrically heated v-shaped jaws are lightly
spring loaded in the open position; closing the jaws
around the wire melts the insulation which is then simply
drawn off the conductor. Thin enamelled copper wires
may also be dealt with by using a light scraping action,
this will leave the conductor ready for soldering.

Two models of Adamin strippers are available, Model
PVC, 14 watts, 12 or 24 volts for PVC, polythene and
other' low-temperature insulations and Model PTFE,
48 watts, 24 volts only, for P.T.F.E. insulation only.

Full details of both types are in the current Litesold
catalogue, available from Light Soldering Developments
Limited, 97-99 Gloucester Road, Croydon, Surrey.

RAACO STORAGE CENTRE

A new idea from Denmark is the Raaco Storage Centre.
Designed to screw easily into any garage or workroom

wall, the Raaco Storage Centre is a neat and tidy way of

storing all tools, tins, paint brushes and small parts.

The bright-orange coloured perforated hardboard
backboard accepts a range of brackets for holding
different tools such as screwdrivers, hammers and.
chisels, while the steel shelves take tins of paint and
other small items for storage. At the base of the unit are
12 drawers in high-impact clear plastic =~ 4 large and
8 small to store nails, plugs and small tools.

Easily assembled from instructions supplied with the
kit, Raaco Storage Centre is supplied in four different:
packs, ranging from the Hobby Storage Wall Centre to
the Tradesman Storage Centre (illustrated) and the
handyman can add to each unit to build a complete:
range of wall storage units.

Each unit measures 25” across, and depths range from
94" to 29", depending on model. Price range is from
about £2.00 to £16,00.
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LATCH

CIRCUIT

By R. N. Reynolds

An unusual latching circuit which can
be controlled by two push-buttons

IN SOME SWITCHING APPLICATIONS IT IS ATTRACTIVE TO

have a mechanical or electronic latching arrange-
ment by means of which a load can be turned on-by
pressing one push-button and turned off by pressing a
second push-button. A psychological factor appears to
be involved here since the push-buttons are carrying out
a function which can be quite satisfactorily met by a
simple switch. There is, nevertheless, a certain fascin-
ation in the control of circuits by push-buttons, and this
is exemplified by the fact that it is more common for
commercially made radio receivers to employ push-
button wave-change selection than to have rotary
wave-change switches.

LATCHING CIRCUIT

The latching circuit to be described here is shown in
Fig. 1, and it has been used successfully by the author
for switching resistive loads drawing currents of up to
30mA. Its method of operation is rather unusual, There
are two push-buttons, these being S1 and S$2. The
contacts of S1 close when'it is pressed whilst those of §2
open when it is pressed.

When the 9 volt supply is applied, TR1 becomes
conductive. The base current to TRI through R1 is
sufficient to turn this transistor hard on, whereupon its
collector is only a small fraction of a volt positive of the
lower negative supply rail. In consequence, no base
current is available for TR2, and this transistor is
turned off. Also, no current flows through the load. The
collector of TR2 is at the same potential as the positive
supply rail and diode D1 is reverse biased.

If S1 is pressed, the base of TR1 becomes connected
to the negative rail and this transistor cuts off. A base
bias current is made available for TR2 via R2 and R3,
and TR2 turns hard on, switching on the load. The
transistors stay latched into this condition after S1 is
released because D1 is then forward biased. The positive
potential on TR2 collector with respect to the negative
rail is a little in excess of 0.1 volt, and the potential at
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the anode of D1 and at the base of TR1 is about 0.25
volt, this being too low to allow the transistor to turn on.
It will be seen that two essential features of the circuit
are that D1 has to be a germanium diode, with a conse-
quent low forward voltage drop, and that TR1 must be
a silicon transistor, which requires a positive voltage
approaching 0.6 volt at its base if it is to become con-
ductive.

The load is switched off by pressing S2. This breaks

+9v
inr
= %
3.9 o
R EE Insert current
OOkh 3 )e/limiting resistor
= R3 here
= 0kn
! o
Push O-OlpF
to S| TRy TRy
close BCIO?7 BCIO7
£ £
Dy
e S2 OA79
i
< Push to
BCIO7 release
Lead-outs

Fig. 1. The basic latch circuit, TR2 turns on and
applies power to the-load when S1 is pressed.
Pressing S2 causes TR2 to turn off again
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the circuit from D] anode to TR1 base, and the latter
then receives its bias current via R1. TR1 turns on,
thereby turning off TR2, and the circuit returns to its
initial state.

If it is-desired to switch on the load once more S1

‘is pressed again, causing TRI to cut off and TR2 to

turn on. And the load can then be switched off after this
by once more pressing S2.

Should the load have a high value electrolytic capaci-
tor across its terminals it is necessary to insert a current
limiting resistor at the point marked with a cross in
Fig. 1. This resistor will ensure that the initial charging
current when the load is switched on does not exceed
the maximum collector current rating of TR2. The
maximum collector current rating for a BCI07 is
200mA, whereupon the current limiting resistor should
have a value of 45Q. A current limiting resistor having
a lower value could be employed if a power transistor
were used in the TR2 position.

If Cl1 is omitted, the circuit has a tendency to slip
into one or other of its two states in random manner.
when the 9 volt supply is initially applied. Capacitor C1
prevents this random action by slowing the rise in
collector potential in TR1, and hence the application of
base bias to TR2. The result is that the circuit always
starts in the state where TR2 is off when the 9 volt
supply is turned on.

The current taken from the supply when TR2 is off
is about 2.3mA, this passing mainly through R2. The
current drawn from the supply when TR2 is on is that
ﬁowmg through the load plus about 0.6mA in R2 and

Apart from operation by means of S1 the circuit can
also be triggered into the state where TR2 is on by
applying a negative-going pulse to the base of TR1.

MULTIVIBRATOR

If the first transistor of Fig. 1 is made part of a one-
shot multivibrator, a sensitive latchmg circuit capable
of being trlggered by a positive-going pulse results. A
practical example is shown in Fig. 2. Here, TR2 and
TR3 perform the same functions as, respect:vely, did
TR1 and TR2 of Fig. 1. TR2, in Fig. 2, also enters a
one-shot multivibrator in combination with TR1 of this
diagram.

Until the circuit is triggered TR2 in the multivibrator
is on, with bias current flowing to its base via R3. Since
TR2 is on, TR3 is off. TR1 is turned off also, because
its base is held just lightly positive of the negative rail by
way of R2. The circuit is stable in this state, and capaci-
tor Cl becomes charged to a voltage whlch is equal to
that of the 4.5 volt supply less the voltage drop in the
base-emitter junction of TR2.

When a positive-going pulse is applied to the base of
TR1, this becomes conductive and its collector goes
negative. So also, by way of the charged capacitor Cl,
does the base of TR2, whereupon TR2 collector goes
positive. The positive excursion of TR2 collector is
passed to the base of TR1 via R2; there is the usual
cumulative amplification given in any multivibrator and

the circuit rapidly changes over to the state where TR2 -

is off and TRI1 is on. Since TR2 is off, TR3 comes on
‘also, and switches on the load.

C1 next commences to discharge by way of R3. If D1
were not in circuit C1 would discharge sufficiently for
TR2 base to go positive of its emitter, whereupon TR2
would once more become conductive and the multi-
vibrator would revert to its initial condition with TR2
FEBRUARY 1975
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Fig. 2. Combining the circuit of Fig. 1 with a

one-shot multivibrator results in a sensitive

latch circuit which can be triggered by a
positive-going pulse

on and TR1 off. In the present circuit, however, the base
of TR2 is clamped below turn-on potential by D1, with
the result that, once triggered by the positive-going
pulse, the circuit remains in the triggered state. It can
only be released by pressing S1. After a very short
period, needed for C1 to discharge a little further into
R3, TR2 then turns on and the circuit returns to its
original state with TR1 off, TR2 on and TR3 off. It is
thtin ready to be triggered by another positive-going
pulse.

If D1 were out of circuit, the length of the period in
the multivibrator during which TR2 is turned off
would be about two-thirds of a second. With D1 in
circuit, this provides considerably more than ample
time for TR3 collector to assume the low potential
needed to clamp TR2 off. A delay in the fall of potential
at TR3 collector is feasible if the load has a very high
value electrolytic capacitor connected across it. The
remarks, when Fig. 1 was discussed, concerning the
fitting of a current limiting resistor in series with the
load apply equally in Fig. 2. The one-shot multivibrator
period can, of course, be reduced if desired by giving
Cl1 alower capacitance.

The 0.01uF capacitor connected between the collector
of TR1 and the negative rail in Fig. 1 is not needed in
Fig. 2 as the circuit always takes up the required con-
dition when the supply potential is applied. Until the.
circuit settles down it may, however, momentarily go
through the state in which TR3 is turned on.

TR1 and TR2 are fed from a 4.5 volt supply in Fig. 2
to ensure that the maximum reverse base-emitter voltage
rating of TR2 is not exceeded when TR1 turns on and
TR2 base is taken negative by the charged C1. The volt-
age rating for a BC107 is 6 volts, whereupon TR1 and
TR2 could alternatively be supplied by a 5 volt line.
The latch then becomes compatible with t.t.l. circuits.

L=
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["HIS AMPLIFIER HAS BEEN DESIGNED TO ACCEPT THE
output from a crystal or ceramic pick-up cartridge,
and is principally intended for use as a simple record
player amplifier. It is capable of a maximum continuous
output power of 2 watts into an 8Q load, but it will
operate well into a 15Q load with a slightly reduced
output power and input sensitivity. An input of
approximately 350mV r.m.s. is required to produce
the full rated output into an 8Q load.

BASS AND TREBLE

Separate bass and treble tone controls are provided.
The treble control provides about 12dB lift and cut at
10kHz with reference to 1kHz, and the bass control
gives about 12dB lift and cut with reference to 1kHz.
The output quality is very acceptable with quite low
noise and distortion levels.

Construction is very simple and, as can be seen from
the accompanying photographs, the whole amplifier is
assembled around a single printed circuit board. The

completed unit is quite compact, and it measures

approximately 6 by 3 by 13in., excluding control knobs.

A full circuit diagram of the unit, including the tone
control networks, is shown in Fig. 1. Six transistors
are used, two in the differential input stage (TR1 and
TR2), one in the emitter follower driver stage (TR3),
one as an amplified bias stabilizing device (TR4) and
two in the complementary output stage (TRS and TR6).

The heart of the unit is the differential input stage.
A differential amplifier has two inputs, one of which
is in phase with the output whilst the other is in anti-
phase with the output. These are normally termed the
non-inverting input (+) and the mvertmg input (—)
respectively. The output of the amplifier is proportional
to the difference in the amplitude of the signals at the
two inputs. Hence the name ‘differential amplifier’.

This explanation of a differential amplifier is some-
what idealised, as in practice the circuit will only
operate properly if the two input voltages are kept
within well defined limits, and there is of course a
limit to the maximum output voltage.
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2 WATT RECORD
PLAYER AMPLIFIER

By R. A. Penfold

Intended for an input from a crystal
or ceramic pick-up, or from a similar
high impedance source, this amplifier
is capable of an output power of 2
watts. The components required are
all readily available, and the circuit
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Fig. 1. Complete circuit of the 2 watt amplifier
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ECORD
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nfold
COMPONENTS
t from a crystal o s Amplifier
r from a similar (All fixed values § watt 5%)
e, this amplifier R1 220kQ
put power of 2 %% ‘1‘;%9
nts required are R4 6300
and the circuit RS 10kQ
| ensive bass and R6 1kQ
t controls. - R7 4.7kQ
- R8 3.9kQ
RY 4.7kQ
R10 15kQ
+18-20V R11 1.5kQ2
RI2  820kQ
3 Tz VR1 2M@ potentiometer, log track
B acley VR2  50kQ potentiometer, linear track
VR3 SOkQ potentiometer, linear track
Cq Capacitors
TRy ma!l Cl 0.22uF plastic foil, Type C280 (Mullard)
oC8ID ; C2 100uF electrolytic, 25 V. Wkg.
C3 4uF electrolytic, 16 V. Wkg.
C4 500uF electrolytic, 12 V. Wkg.
TRe 1 |us C5 10pF electrolytic, 16 V. Wkg.
ACIBB C6 0.002uF plastic foil
R 65; C7 0.022pF plastic foil
3 C8 0.01uF plastic foil
C9 0.1pF plastic foil, Type C280 (Mullard)
. = C10 10uF electrolytic, 16 V. Wkeg.
Rj2
AN Transistors
Cio - TRt BC169C
—l TR2  BCI169C
RS TR3 BCI109
0z e TR4  OC8ID
! . Q TR5  ACI87
Ic bce < TR6 AC188
8 BCI69C BCIO9
iE Lead-outs Lead-outs Speaker

LS1 8Q) speaker

Co !
| I , ec dot Miscellaneous
: ) 3 control knobs
RIS ACIBT ACIES R 2 ;;tg.s;lll(lmlmum sheet for control panel and
g oute Ceagovty Printed circuit board, 6 X 3in.
Screened . wire

Nuts, bolts, etc.

itofthe 2 watt amplifier ; .
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BASIC DIFFERENTIAL CIRCUIT

The circuit of a basic differential amplifier is shown
in Fig. 2. TR1 is biased by RA and RB, and TR2 is
biased by RC and RD. TR1 and TR2 have a common
emitter resistor, RE, and the output is developed across
RL. In a symmetrical circuit there would also be a
resistor in series with the collector of TR1, this resistor
having the same value as RL. However, such a resistor

is not essential in practice and is not included in the

present circuit.

TR1 operates as an emitter follower, and its output,
which is in phase with its input, appears across RE.
If TR1 base goes positive so also does its emitter and,
since the gain of an emitter follower is almost unity,
the voltage change at the emitter will be virtually equal
to the voltage change at the base. When TR1 emitter
goes positive so also does the emitter of TR2. This has
the same effect as would be given if the base of TR2
went negative with respect to its emitter: TR2 collector
current decreases and the collector potential goes
positive. TR2 is, in effect, operating as a grounded
base transistor to the signal at its emitter. The overall
effect is that when TR1 base goes positive, so also does
the collector of TR2. In consequence, the input at
TR1 base is in phase with the output and TR1 base
can be looked upon as providing a non-inverting input.

If a signal is applied to TR2 base this transistor
operates as a common emitter amplifier, and the signal
at its collector is out of phase with that at its base.
Thus, TR2 base provides an inverting input.

Looking down on the board, The screened input
lead to VR1 was not fitted when these photo-
graphs were taken
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Fig. 2. A basic differential amplifier

AMPLIFIER CIRCUIT

Referring back to the complete amplifier circuit of
Fig. 1, a differential amplifier is provided by TR1 and
TR2. TR1 is biased by R1 and R2, and TR2 by R12,
The input signal is coupled via the volume control
VRI1, d.c. blocking capacitor C1 and series resistor
R3 to the non-inverting input of the circuit. R3 is
included to prevent possible amplification at r f.

TR3 is an emitter follower and matches the compara-
tively high output impedance of TR2 to the low input
impedance of the output transistors. A small, relatively
constant, voltage is dropped across TR4, whereupon
R6 functions as the emitter load for TR3. The output
stage is quite conventional, employing a complementary
Class B emitter follower circuit. TRS amplifies the
positive-going half-cycles and TR6 the negative-going
half-cycles. C4 couples the output signal to the speaker
and provides d.c. blocking. TR4 is employed as an
‘amplified diode’, and provides the small standing bias
for the output transistors which is needed to eliminate
crossover distortion. This transistor also gives a level
of thermal stabilization of quiescent output current.

Since TR3, TRS and TR6 are all emitter followers
there is no change of phase between TR2 collector and
the junction of the output emitters, and the inverting
input is 180° out of phase with the output. The bias
resistor, R12,- will therefore introduce negative feed-
back over the amplifier. So also will the tone control
circuits, and the overall feedback level is such as to
produce the performance figures quoted at the start

RADIO & ELECTRONICS CONSTRUCTOR



of this article. With the tone controls at approximately
their central settings, all frequencies in the feedback
circuit have the same level of bypass to chassis. Where
it is desired to boost a range of frequencies the appro-

priate’ control provides a higher level of bypass to
chassis (and thus less feedback), and where it is desired
to cut a range of frequencies these are given a lower
level of bypass to chassis.

VR2, C6 and C7 form the treble control network,
and VR3, R10, Ril, C8 and C9 provide the bass
control circuit. R7 and R9 are needed to reduce
interaction between the two networks, whilst C5 and
C10 give d.c. blocking. :

BOOTSTRAPPING
The bias resistance for TR1 is split into two com-
ponents, R1 and R2, and this enables bootstrapping

to be applied to TR1 base circuit by way of C3. Boot-

strapping greatly reduces the shunting effect of R2 on
the amplifier input impedance and it operates in the
following manner. The voltage gain between TR1 base
and emitter is almost exactly unity whereupon, due to
the presence of C3, any change in signal potential at
the base of TR1 produces a similar change in potential
at the junction of R1 and R2. This means that the
voltage -across R2 will remain virtually constant and
there will be little flow of signal current in it. Thus,
so far as signal voltages are concerned, R2 offers a
much higher effective resistance than its actual value,
and its shunting effect on the input impedance becomes
extremely small.

HEATSINK AND PANEL"

The two output transistors are taken up close to
their maximum power ratings and they require a small
heatsink. This has the dimensions shown in Fig. 3(a)
and is made of 22 s.w.g. aluminium. The transistors are
secured to the panel by two clips in the positions shown
in the photographs. These clips may be Henry’s Radio
type H13 or home-made from a suitable thin metal.
Take care to ensure a good thermal coupling between
each transistor and its clip, and between the clips and
the heatsink panel. The holes required in the panel
for the clips are not shown in Fig. 3(a), as these depend
on the actual clips employed. The clips may be secured
to the panel with 6BA bolts and nuts.

Fig. 3(b) gives the dimensions of the front panel on
which the controls are mounted, and this is also 22
s.w.g. aluminium.

The 90° bends in the heat sink and the front panel
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A view from the rear. The base is the printed
circuit board on which the components other than
the controfs and output transistors are wired

are very easily made if a vice is available. Aluminium
is a fairly soft metal and a comparatively thin gauge is
used here. It is best to carry out the bending operation
after all holes have been drilled or cut out.

’ "
] 6BA clear

(a)

“(b)

Fig. 3 (a) The dimensions of the heatsink
(b). How the front panel is cut out and bent
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PRINTED CIRCUIT BOARD

All the components, except for the controls and out-
put transistors, are mounted on a printed circuit board
measuring 6 by 3in. Details of the copper pattern and
component holes are shown in Fig. 4. This is reproduced
full size and may be traced. It is strongly recommended
that an etch resist pen be used in the preparation of
the board, as it would be difficult to reproduce using
any other method. It will probably not be possible to
obtain a board of the specified size, and it will have to
be cut with a hacksaw from a larger piece.

When the board has been etched and the component
mounting holes drilled, it is next necessary to drill out
the 6BA clear mounting holes for the panel and
heatsink. The positions in which these are mounted
can be seen from the photographs of the prototype
amplifier, and the holes are marked out using the panel
and heatsink as templates. One of the mounting holes
for the front panel passes through a copper area which
is common with the negative supply rail, whereupon
the panel is automatically earthed to this rail. The
heatsink is not earthed and the two holes for this
should be clear of the copper print. The front panel
and heat sink are each mounted with two 6BA bolts
and nuts, and their flanges are on the component side
of the board. The 6BA bolt heads are on the copper
side of the board, and one of the bolts completes the
earthing connection to the front panel

The controls and output transistors are then
mounted, as are the rest of the components. Component
layout and wiring is illustrated in Fig. 5. A link wire
Jjoins two of the copper areas and this must be insulated.
So also must the leads which couple from the board to
VR3 and VR2. A screened lead couples between the
board and VR1. The input lead to the amplifier is
similarly screened, as is indicated in the diagram. This
input lead can be coupled direct to the pick-up or
whatever other equipment provides the input signal.

66—

To avoid the possibility of instability all leads, and
particularly those to VR3 and VR2, should be kept as
short as is reasonably possible. Be very careful to con-
nect up the output transistors correctly. If necessary,
pieces of p.v.c. sleeving of different colours may be
placed over their lead-outs to provide reliable
identification.

There is one output connection for the speaker. The
other speaker connection is to the negative supply rail,
and this may be taken up either at the negative output
point of the power supply unit, or by making a con-
nection to a solder tag held under one of the 6BA nuts
securing the front panel. The speaker impedance must
not be lower than 8Q.

POWER SUPPLY

The amplifier requires a power supply of approx-
imately 18 to 20 volts. The quiescent current drawn is
of the order of 18 to 20mA, this rising to several hun-
dred milliamps at full output. It is possible to supply
the amplifier by two large capacity 9 volt batteries
connected in series, although this would be a rather
expensive way of powering the unit in the long term.

A much more economical method is to use a mains
power supply unit, and the circuit of a suitable design
is given in Fig. 6. This merely consists of a mains
transformer with a centre-tapped secondary feeding
the full-wave rectifier circuit given by D1 and D2,
Capacitor C11 is the reservoir capacitor, and R13 and
Cl12 provide smoothing. The low value in R13 is
desirable to ensure that the output voltage does not
fall to too low a level when a high current is drawn by
the amplifier.

The mains transformer can be any small component
offering a secondary voltage of 12-0-12 volt'or 13-0-13
volt at 0.5 amp or more. The author employed a
12-0-12 volt transformer with the prototype amplifier
and it was found that the supply unit gave an output

Fig. 4. The copper side of the printed circuit board. This is reproduced full size and may be traced
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Fig. 5. Components and wiring on the component side of the board. The screened wire between the board
and VR has its braiding earthed at the end which connects to VRT only
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Fig. 6. A simple power supply unit for the amplifier
m voltage of 19 volts under quiescent conditions. This is
Power Supply Unit a little higher than would be expected theoretically and
Resistor is presumably due to the fact that mains transformer

R13 1Q 3 watt 109,

Capacitors
Cilt 2,000pF electrolytic, 25V. Wke.
Cl12 2,000uF electrolytic, 25V. Wke.

Transfbrmer ?
Ti Mains transformer, secondary 12-0-12V
13-0-13V at 0.5A or more
Rectifiers
D1 1N4001 Swirch
D2 1N4001 Sl d.p.s.t toggle
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secondaries are frequently wound to give a slightly
higher voltage than their nominal figure. Due to the
internal resistance of the circuit, the voltage from the
power supply drops somewhat as the output power of
the amplifier is increased. A 13-0-13 volt transformer
will give a slightly higher output voltage, with a con-
sequent small increase in output quality at high volume
settings.

The construction of the supply unit is not critical
and a small tagboard can be employed to mount the
rectifiers, capacitors and smoothing Ttesistor. The
supply unit should be positioned away from the
amplifier to ensure that there is a minimum of hum
pick-up in the latter.
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THE PRINCIPLES
OF ELECTRONIC

FLASH UNITS

Part 1

By A. Foord

This 2-part series is intended mainly for readers who use, maintain
or service photographic flash units, and it gives general details
on a subject which is not normally covered in the electronics press

HE ELECTRONIC FLASH OFFERS THE PHOTOGRAPHER

many advantages. Large studio units are capable

of producing illumination nearly as bright and approxi-

mately equal in colour temperature to sunlight, with

the result that colour photographs taken by flash need

no filters to correct for colour balance. This retains the
maximum speed of the film.

The short duration of the flash also makes it possible
to obtain sharp images of rapidly moving objects, and if
a stroboscopic flash is used velocity and acceleration
can be studied. Since the light is cool without the heat
produced by conventional illumination, photographs
can be taken of subjects which might be destroyed or
inconvenienced by excessive heat.

DEFINITIONS

Flash duration is the time interval from the instant the
flash reaches one-third of its peak intensity to the
instant it decays to the same value.

Recycle time is the time required for the equipment,
after producing one flash, to produce a second flash
which is 70% as intense as the flash produced when the
energy storagé capacitor is charged to the full peak
voltage. This is equivalent to half a stop less expostire.
Since the light output varies approximately with the
square of the voltage this recycle time can alternatively
be defined as the time required after a flash for the
capacitor to reach 849 of the peak voltage.

Peak voltage is the voltage at the energy storage
capacitor during a charging cycle when the voltage
increase is less than 19 over a 10 second interval.
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BASIC BLOCK DIAGRAM

Three basic sections are needed to operate the tube:
a d.c. power source, an energy bank, and a trigger
circuit. These are shown in Fig. 1, which illustrates
(inside the rectangle) the three different methods
employed to obtain the high tension d.c. supply.

An electronic flash unit is basically very simple: a
capacitor is charged up to a high voltage over a few
seconds and this energy is then discharged through the
flash tube in a millisecond or so. The tube itself needs a
very high voltage pulse to initiate the discharge, and this
is produced by a trigger circuit which is operated from
the camera shutter or separately, as required. The
power supply, capacitor and limiting resistor may be in
one case, with the flash tube and trigger circuit in a
separate case. Smaller low power units may have. all
the circuits combined in one case.

POWER SUPPLY

The type of power supply used is determined by the
light output, operating costs and portability required.
A mains operated unit gives the lowest operating and”
maintenance cost, and studio units are normally mains
operated. For portable units low voltage batteries offer
a choice between wet and dry cells. The cost of dry

- batteries is moderate but they have to be discarded and

replaced when exhausted. Lead-acid cells are heavy but
have the advantage that they can be recharged. Nickel-
cadmium or barium-cadmium batteries are more
convenient to use, but cost more than lead-acid

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 1. Basic arrangement for an electronic flash
unit. Three different methods of obtaining the
high voltage for the energy storage capacitor
appear inside the rectangle
batteries. taken not to touch the high voltage section until the

Most of the recently produced battery operated
electronic flash units contain a transistorised monitoring
circuit which cuts the oscillator off when the capacitor
is fully charged, and thereby reduces the battery drain.
The convenience and rapid recycling of a battery h.t.
source of 450 yolts or so make it perhaps the easiest and
most economical to construct. Although such batteries
have a high initial cost they last for up to 3,000 flashes
and require no maintenance.

CAPACITOR

The capacitor stores the energy from the power supply
and releases it to the flash tube; it determines the
quantity and duration of the light. Two types of capaci-
tor are currently used: an oil filled type for studio
units where very high power is required and where high
voltages are used, and an electrolytic capacitor for
smaller portable units. These have a lower operating
voltage but a correspondingly higher capacitance. An
electrolytic capacitor will need minor care and attention
to maintain its maximum usefulness. Special low leak-
age, high capacitance types are manufactured for photo-
flash work, but idle periods of four weeks or more may
allow the dielectric to deteriorate, causing excessive
drain on the battery when it reforms the capacitor. This
deterioration can be avoided if the flash is switched on
for a few minutes each week. The unit should nor be
flashed before storage, since a residual charge left in the
capacitor will help maintain it in good condition. Avoid
high temperatures, which increase the deforming rate.

If the state of the capacitor is suspected it may be
reformed by using a current limited voltage source,
starting at about 509% of the working voltage and
gradually increasing this up to the normal working
voltage over a period of at least two hours.

If a flash unit has to be dismantled care should be
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capacitor has been discharged. This may be done with a
2.2kQ wire-wound resistor of 25 watts rating mounted
on an insulated handle. The resistor should be connected
across the capacitor terminals several times to remove
the residual charge.

LIMITING RESISTOR

The limiting resistor is required to control the maxi-
mum charging rate and the recycling time of the capaci-
tor. It also enables the flash tube to de-ionise and not go
into a continuous arc after the flash. In some cases
where a step-up transformer 'is employed the high
leakage reactance characteristic of this transformer may
itself be used.

CAPACITOR ENERGY

The energy stored in the capacitor is given by
J=1iCV?
where J is energy in joules, C is capacitance in farads
and V is voltage in volts.

The energy stored in the capacitor provides an easy
method of comparing the relative powers of different
electronic flash units, but it is not necessarily an accurate
indication of the actual light output because the tube
efficiency increases with higher voltages and because the
tube will extinguish before the capacitor is completely
discharged.

In a typical circuit the following conditions may be
found:

V =400 volts,
C=600uF,

J=4CV?
=4600.10-9.4002
=48 joules.

whereupon
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FLASH TUBE

The form of the flash tube will depend on the mount-
ing and reflector shape while its operating parameters
will determine the energy requirements. The tube
‘material is usually hardened glass for low power or
‘quartz for high power, while the arc chamber may be
straight or coiled into a helix.to concentrate the light.
Photographic flash tubes are, in most instances, filled
with xenon gas under high pressure and do not fire
when connected to charged capacitors but need a high
voltage pulse to trigger the discharge. Low pressure
tubes flash immediately they are connected to a voltage
and these are more often used for stroboscopic flash
units where a low power high p.r.f. rate is required.
The energy for each flash is much lower, perhaps 1 to 10
joules.

Typical parameters for a medium power tube are
50 joules per flash, an operating voltage of 400 volts
and a minimum trigger voltage of 2kV. A typical high
power tube can have an energy level per flash of 1,000
joules, an operating voltage of 2kV and a minimum
trigggr voltage of 15kV.

A professional electronic flash system may have a
power unit capable of supplying a total of 1,000 joules
to up to four or five flash heads. The flash heads may be
1,000 joules each unit, with interchangeable reflectors
to give various types of lighting — soft, key, flood, etc.
The power unit will be fitted with switches so that
a total power from 100 to 1,000 joules can be shared
between one to five flash heads by switching. For
example, it would be possible to supply 600 joules on a
wide beam to light a background, 300 joules as the main
light on the subject, and 100 joules to fill in and soften
the shadows on the subject to reduce the contrast ratio.

The flash duration depends on the resistance of the
tube during the gas discharge and the value of the
storage capacitor. For a 50 joule tube this might be
about 300uS.

The tube is not normally polarised and the voltage
can be connected to it with either polarity.

OSCILLATOR POWER SUPPLY

Various types of single ended or push-pull oscillators
can be used for the d.c. to d.c. inverter employed in an
oscillator power supply, the choice of oscillator circuit
depending on the power requirements and the manu-
facturer’s preferences. For the smaller types of flash
unit a blocking oscillator is efficient, while higher
powered units may demand a push-pull square wave
inverter.

The basic free running blocking oscillator is shown in
Fig. 2. The pulse transformer is arranged to give a
polarity inversion, and the diode will be fitted if it is
desired to limit the cut-off collector voltage of the
transistor to Vcc. This is done because the back-e.m.f.
developed in the collector winding as the transistor is
turned off might cause the transistor collector to go
much more positive than Vcc, thus damaging a
transistor with a low collector to emitter voltage rating.

The transformer turns ratio is such that, when the
transistor is operating in its active region, the existing
positive feedback is sufficiently large for the circuit to
become unstable. The transistor is then rapidly driven
into saturation in which condition it will remain for a
short time depending on the transformer and transistor
characteristics. The base current which flows during the
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Fig. 2. A basit blocking oscillator circuit

pulse duration charges the timing capacitor C, tending
to bring the transistor out of saturation. Due to the
positive feedback existing in the system the transistor
again moves very rapidly out of saturation and into cut-
off. When the transistor is completely cut off the capaci-
tor C starts to discharge through the resistor R until the
base voltage is such that the transistor conducts again
to repeat the cycle.

The complete theoretical analysis to determine pulse
width and p.r.f. is quite complex.

COMPLETE BLOCKING OSCILLATOR

A typical power supply circuit using a blocking
oscillator is shown in Fig. 3. When the unit is first
switched on the neon lamp is not conducting and pro-
duces no base current for TR1, which is held non-
conducting by R1. TR2 is also held off and these two
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Fig. 3. A blocking oscillator high voltage supply
circuit
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transistors have no initial effect. At switch on, TR3
acts as a blocking oscillator and produces short pulses
at a p.r.f. of about 6kHz. Step-up action in L1 and L3
produces high voltage pulses across L3 which are
rectified by D1, charging up C2 to a value of between
300 and 400 volts depending on the values of R4 and
RS5. When the capacitor is charged to the right value the
voltage at the junction of R4 and RS is sufficient to
strike the neon. This then provides TR1 with base
current so that both TR1 and TR2 turn on and bottom.
TR3 is cut off and the oscillator stops. No more pulses
are applied to C2 which discharges (through R4, RS and
the neon circuit) until it falls below the extinguishing
voltage for the neon. At this point TR1 and TR2 are
cut off again, TR3 is turned on, and oscillations
recommence to charge C2. This maintains the charge on
C2 at a reasonably constant level and reduces the load
on the battery. The neon.also indicates that the charge
on the capacitor is being maintained.

A typical performance for this type of circuit would

e:

Input voltage 2.5 volts + 509, —15%,
Output voltage 400 volts
Capacitor 300uF
Charging timé& 10 seconds
Power =1CV?2
=%300.10-6.4002
=24 joules.

The amount of light available will depend on the
efficiency of the flash tube and-its reflector, but this is a
low power unit and might have a guide number of about
40 with 125 A.S.A. film. The nominal 2.5 volt input
voltage can be provided by a 2 cell mercury battery. A
typical battery of this type provides an open-circuit
voltage of 2.8 volts which drops to about 2.5 on load.
Alternatively, rechargeablé nickel-cadmium cells give
about 1.2 volts each on load, and two of these would

produce 2.4 volts. Guide numbers will be discussed in
Part 2.

ALTERNATIVE CONTROL CIRCUIT

An alternative control circuit can be derived using a
p.n.p. transistor for TR1, as shown in Fig. 4. Again
initially both TR1 and TR2 are held off, allowing
oscillations to commence. In this case C2 and D1 are
wired to produce a negative voltage and the phasing of
L3 is reversed. When the neon strikes TR1 is turned on,
turning on TR2 and cutting off TR3, whereupon ths
operation is as before. A current limiting resistor (not
shown) may be interposed between TRI1 collector
and TR2 base.

The oscillator high and low voltage sections are
essentially separate because of the isolation given by
T1, but one side of the h.t. circuit may be common

Fig. 5. The simple circuit required with an h.t.
battery supply
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Fig. 4. High vo{tage oscillator circuit with
alternative turn-off contro/

with one side of the low voltage section. Exactly how
this is done will depend on the requirements of the
control stages and the flash trigger circuits.

H.T. BATTERY POWER SUPPLY

With an h.t. battery power supply, as shown in Fig. 5,

‘all that is required is a limiting resistor to limit the

maximum current taken by the capacitor during the
charging part of the cycle. The recycling time is deter-
mined by the time constant of R1 and Cl, while the
power available for the tube is determined by C1 and
the voltage across it, as previously described.

MAINS POWER SUPPLY

Mains operated power supplies can be half wave, full
wave or bridge types. Obviously a half wave supply
operating directly off the mains would be the cheapest
and most compact arrangement, but special care has to
be taken in insulating the complete unit and ensuring
that the camera trigger contact is well insulated from the
camera body. Circuits of this nature cannot be recom-
mended!

The mains power unit may be built-in or found as a
separate item connected -to the flash unit by a plug-in
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lead. A typical circuit is shown in Fig 6. Two output
voltages are taken fromthesecondary of thetransformer,

= —-
Mains Do
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240V é
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4 and
T \ oscillator 3
| .

\ ' ov

Battery charging voltage

Mains power unit

Fig. 6. A mains operated Power Supply

and one of these, after rectification, provides a direct
voltage of 300 or more to charge the capacitor. The
other voltage, of between 2 to 12 volts, is also rectified
and is then used to charge the battery. The diode D2
serves to rectify the high voltage from the mains
transformer or the oscillator transformer, as required.
On studio type flash guns not using a rechargeable
battery the low voltage output and rectifier are omitted.
Some units may have switches giving the four possible
combinations of:

(a) Mains operate only,

(b) Mains operate and charge battery,

(¢) Charge battery only,

(d) Battery operate only.

In this circuit the neon has been shown simply as an
indicator across the supply. If it is coupled back to the
blocking oscillator as previously described then while
the unit is being mains operated it will strike and
automatically cut off the blocking oscillator, allowing
the battery to charge off load.

(To be concluded)
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Radio

Topics

By Recorder

ALVES HAVE BY NO MEANS FLED
the scene yet, and I was interested
to see in Mullard Outlook for January-
February that valve production at the
Mullard Blackburn factory has now
stabilized at around 27 million a year.
These valves consist, mainly, of a
basic 40 types which are employed in
TV receivers.
It is interesting to examine the
history of the replacement of valves
by transisiors over the last two decades.

SOUND RADIO

Transistors were, of course, a
natural choice for sound receivers and
it was only to be expected that they
would dominate the portable radio
sector as soon as it was practicable for
them to do so. Transistors took a
significantly longer time to break into
hi-fi equipment and it is, indeed, only
relatively recently that one well-
known manufacturer of high fidelity
equipment changed over production
from valve to transistor amplifiers.

The slowest of all domestic enter-
tainment units to take advantage of
semiconductor devices has been the
teleévision receiver. Some pioneering
firms, such as Perdio, emharked very
early on transistor televisi /n receivers,
but it is only in recent years that the

major manufacturers have produced-

fully solid state designs, and even
these were preceded by a series of
hybrid sets in which transistors were
intermingled with valves. Judging from
the American technical press, there
has been a similar slowness in changing
over to transistor television designs in
the States. Nowadays, television re-
ceivers are virtually 1009 solid state.
Apart from the tube, of course!

It is not difficult to understand the
relative slowness of transistor incur-
sion into television receiver design. A
television receiver is a far more com-
plex device than a sound radio, and
designers have to be more cautious in
accepting new techniques which may
not have the same known reliability as
are given by existing ones. Somebody
had to be the first to emibark on large
scale manufacture of TV receivers
having a line output transistor instead
of a line output valve. It has trans-
pired that line output transistors are
as reliable, and very probably more
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so, than line output valves, but we
only know this now because -of
actual field experience with line output
transistors. It could well have been
that, say, one in several hundred line
output transistors would go pop after
six month’s use whereupon a TV
manufacturer would find himself sad-
dled with a product having an unen-
viable reputation for unreliability.

TUNER UNITS

And so it was that transistors crept
rather than marched outright into
television receivers. An obvious point
of entry was in u.h.f. tuner units,
where they were capable of offering
lower noise and a more consistent
performance than valves. Then they
sneaked into' the i.f. strip and, after
this, the video amplifier stages. Sur-
prisingly, it was quite some time
before they replaced the valve in the
a.f. amplifier and audio output stages
of television receivers. This was
very probably because these last two
stages could be so readily provided by
‘triode-pentodes of the PCLS82 class,
which require only a few resistors and
capacitors about them to give a com-
plete two-stage amplifier. Provided
that a set had valves elsewhere, where-
upon some form of heater supply had
to be incorporated, it was easier to use
a triode-pentode than the correspond-
ing solid state a.f. amplifier.

But now, at long last, the transistor
reigns supreme in current television
design, and the transistor is, itself,
being ousted by the integrated circuit,
The change to solid state has been
prolonged but this has probably been
a good thing when viewed in the global
sense. It has enabled production and
service engineers to ease themselves
more comfortably into the new think-
ing which is required with semicon-
ductors, and it has also meant that
valve production, which represents a
high capital investment, has been able
to run down gracefully rather than
come to an end with a disastrous
thump.

The days when Auntie May used to
put her linen on top of a warm TV
set for airing have now virtually gone
and we have the added advantage, in
this energy-conscious period, that
power consumption (for a mono-

chrome receiver) has dropped from
around 150 watts to less than a third
of that figure.

REPEAT SPOT FREQUENCY

I am also indebted to the January-
February issued of Mullard Outlook
for a technical term which I don’t
recall having encountered before. The
term, ‘repeat spot’, is used in phrases
such as ‘repeat spot frequency’ and
‘repeat spot response’. It has to do
with interference in superhet receivers
and in the Mullard Outlook in question
is employed in reference to the per-
formance of an f.m. radio front-end.

In general, unwanted signals which
can find their way into a superhet and
cause interference with the desired
signal appear at the intermediate
frequency, the image frequency and
the repeat spot frequency. If a signal
at the intermediate frequency breaks
through the r.f. and mixer stages of
the receiver it will, of course, be
amplified by the i.f. amplifier stages .A
signal at image frequency is spaced
away from the desired signal fre-
quency by twice the intermediate
frequency, and is on the same side of
the desired signal frequency as is the
receiver oscillator frequency. To take
an example, let’s say that we have a
superhet receiver whose intérmediate
frequency has the nice round figure
of 500kHz. If we want to tune in a
signal at 2,000kHz we can set the
receiver local oscillator to 2,500kHz.
The required 2,000kHz signal will
then beat in the mixer with the oscil-
lator signal to produce a 500kHz
signal which can be passed on to the
500kHz i.f. amplifier. If an interfering
signal at 3,000kHz found its way to
the mixer, it could also beat with the
2,500kHz oscillator frequency to pro-
duce a 500kHz signal, and this would
similarly be amplified by the if.
amplifier. That 3,000kHz frequency is
the image frequency.

The repeat spot frequency is spaced
away from the wanted signal frequency
by half the intermediate frequency,
and is on the same side of the wanted
signal frequency as is the receiver local
oscillator frequency. In other words,
it appears midway between the
frequencies of the wanted signal and
the receiver oscillator. The repeat spot
signal can cause interference when its
second harmonic beats with the second
harmonic of the local oscillator, as the
resultant signal is than at intermediate
frequency.

Working from our example, in
which the wanted signal is at 2,000kHz
and the receiver local oscillator is at
2,500kHz, the repeat spot frequency
turns up at 2,250kHz. The second
harmonic of this frequency is 4,500k Hz,
and the; second harmonic of the
oscillator frequency is 5,000kHz. A
frequency of 500kHz, which is the
same as the intermediate frequency in
our example, is given if these two
second harmonics are allowed to beat
together. ]
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EMITTER COUPLED
LIMITER

By A. Foord

Some notes on a simple limiter circuit whose function is to
produce a square wave output from a sine wave input.

F A COMMON EMITTER TRANSISTOR STAGE IS USED AS A

‘switch it may not produce a square wave output for a
sine: wave input. The emitter coupled limiter is much
better in this respect.

The circuit of Fig. 1 can be regarded as an emitter
follower, common base pair, and it can be used as a
double ended clipper to provide a square wave output
for a sine wave input, for testing or instrumentation
applications.

+Vee

/gl i
a0

Output

l TR, r 1 TRy

AAAAA
vYYy
e

=2 —VEE

Fig. 1. The emitter coupled limiter in basic form

CIRCUIT OPERATION

The current I, in R1, is constant and switches between
TRI1 and TR2; when the input voltage is negative with
respect to earth TR1 is cut off and TR2 conducts. When
the input voltage is positive TR1 conducts and TR2 is
cut off, so that the input signal is amplified but twice
limited ; once by the cut off of TR1 and once by the cut
off of TR2. Since the current I switches from TR1 to
TR2, with the total emitter current remaining constant
at all times, this circuit is often referred to as a current
mode switch. It is not necessary for either transistor to
saturate at any time. The circuit can be very rapid in
action, and 500MHz input frequency bistables can be
constructed using current switching in integrated
circuits.

In designing the circuit the junction of the emitters of
TR1 and TR2 is assumed to be at earth potential and
R1 is chosen in conjunction with VEE to give an
appropriate I. The change in output voltage is then LR2
and R2 can be chosen so that this change is equal to the
supply voltage Vcc. This means that the output voltage
will swing between Vcc and earth, but TR2 cannot
saturate and the inherent switching speed of the circuit
is maintained while giving the maximum output.

DESIGN EXAMPLE

To take an example let us say that VEE is —6 volts and
Vcc is 12 volts, and that we choose a current of about
3mA for I. Then the required value in R1 is 6 volts
divided by 3mA, or 2kQ). We can 'in practice émploy
1.8k for this resistor.
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TR1 and TR2 are both germanium transistors having
a voltage drop of about 0.15 volt between base and
emitter so, allowing for this and having R1 equal to
1.8kQ, the actual current in R1 is now 6 minus 0.15 volts
divided by 1.8kQ, or 3.25mA. With Vcc at 12 volts we
can next find the value needed for R2. This is 12 volts
divided by 3.25mA, which is equal to 3.69kQ. A value of
3.9kQ may be used whereupon we arrive at the practical
circuit shown in Fig. 2.

In this circuit the minimum input voltage for good
limiting is 1 volt peak-to-peak, whilst the maximum
input voltage is 15 volts peak-to-peak. Input impedance
is 5.6k, and the output voltage is 12 volts peak-to-
peak. The output rise and fall times are 3uS or less,
depending on the input level and the frequency.

Vee
C+12v
R =
3%an 3
Output
P——C)
¢ <
204F 204F
" = 1R TRy
2NI308 | 2NI308
c 2R
2NI308 T I-8kn
Lead-outs v
. VEE
-6V

Fig. 2. A practical version of the limiter with
component values

SWITCHING ACTION

An exact analysis of the switching action is complex
because the collector currents vary exponentially with
the base-emitter voltages, but it can be shown that the
total input voltage needed to carry the output through
its entire swing is proportional to a parameter which
takes into account the recombination of carriers in the
junction transition region. ‘Such recombination is
negligible in germanium but not in silicon. This factor,
combined with the high reverse base-emitter voltage
rating for germanium transistors, is the reason for using
germanium devices in the circuit of Fig. 2.

The input capacitor in Fig. 2 consists of two elec-
trolytic capacitors connected back to back in series.
A single capacitor could be employed if the d.c. level
from the circuit preceding the limiter allows this. R3 is
given a relatively low value because leakage current in
the germanium transistors could otherwise slightly alter
the symmetrical limiting. Preferably, R3 should not be
greater than 10kQ.
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Fig. 3
The output waveform given when the input is
150mV peak-to-peak

Fig. 4

This output waveform is given by an input of 1 volt
peak-to-peak

Fig. 5

Here the input is 10 volts peak-to-péak. In this
photograph, and in those above, frequency is
TkHz



Fig. 6

The frequency here is 10kHz with an input
waveform of 10 volts peak-to-peak

Fig. 7

An input of 10 volts peak-to-peak at a frequency
of 100kHz gives this output waveform

The circuit works best when overdriven, since there
is no feedback to sharpen up the edges of the output
waveform. The Schmitt trigger is better in this respect
but does not normally give a 1:1 mark-space ratio for a
sine wave input. If really good edges are needed the
emitter coupled limiter should be driven by a 10 volt
peak-to-peak sine wave and followed by a Schmitt
trigger.

WAVEFORMS

The waveforms shown in the photographs are actual’
oscillograms obtained with the circuit of Fig. 2.
Fig. 3 illustrates the output given when the input is

150mV peak-to-peak. The output is 11 