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Light Gontrolled Tone Generator

Producing a continual or interrupted a.f. tone
whose frequency varies with light intensity

IN THIS ISSUE
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PRICES FOR
QUANTITIES 1%
EXCESS OF 10¢

PIECES ON
APPLICATION

IN3819 "5 /-
254679 100+ 5/9

MOTOROLA
Unijunction

IN48 N
25-+59 100-+4/9

N3055 ‘Fowe 197-
25 H137- 100411-

56CAY callium Arsenide

Inira-Red emitter
29/5 each. (Incl. data)

BC107/8/9
Planars
PLESSEY

SLA03 S50

INT. CIRCUIT
ampLirier 4976

/4t

SC41D GE Triac

400piv 6amp 37/6

BYX36/150 2/6
BYX36/3002/10
B8YX36/600 3/8
8YY2l
BYY2)

ELECTRONIC

NKT453

NKT&74

28/
2613

16
9/9

Five Page Data and Clr-
cuits article . 26
Larger quantity prlces
{1004 and 1,0004+) on
application,

Plastic Spreaders . |6

BF180 muLLARD UHF
AMPLIFIER 6/-
25411 100+4/3

N2614 RCA

Low Noise avoro 479
25+ 4/- 100+-37-

CRS3/4DAF STC/ITT
Thyrister 126

430piv 3Amp
25 117- 100+1G'3

IN2826 Low cosT
NPN PLANAR /-
25178 1004 176

COMPONENTS

IN4058
IN4284
2IN4285

INTHA

GRADE +
SERVICE

Whes enquiriag fer
Ilnn please

SHIPEI'I
ADDRESSED
ENVELOPE

P346A
RASII0AF
RASSOBAF
5T140
sTl4)
TiS44
TIs43

2785
zZT270 1908

SILICON RECTIFIERS &

PIV 200mA  750mA 2 Amp

50 6d - 23
100 9d 116 2/3 46
200 13 2- 29 5~

400 . 2/6 4/~ 8/
600 . 3 4/6 9/6
800 . 1173
V4

N

10 Amp

THYRISTORS -SCRs

(% 10A
50 . 7/6 9/« 7/6
00 . 10/~ 10/
200 . 8/6 12/6
300 . 1/
400 12/6 15/~
600 . 20/
800

NEW SPECIAL ITEMS!!

40602 — Dual Gate MOS-FET 9/- each
L14B— Photo-Darlington Amplifier 266
MGA100—Gallium Arsenide Infra Red Light

Source 35/
31F2— Infra Red Detector Diode 286
3N84—  Silicon Controlled Switch 296
TAA320—Monolithic IC with MOS-FET input

followed by Bi-Polar transistor 136
Datasheets I7-on request—free with above items.

www americanradiohistorv com

LED,

~w GOMPONENTS —k—

RESISTORS | or | Watt 57, LOW NOISE CARBON
10. 12, 15, 18. 22, 27, 33. 39, 47, 56, 68. B2 ohms and
decades (X 10, x 100, x1.000, x10.000) | Meg etc. 10 8.2
Megohms (10, tolerance). PRICES: 1-25 4d. 2699 3d,
100 +2d (your selection | and /or | Watt mixed).
SKELETON PRESET POTS. 20% Tol. Linear. Low
noise. Available in sub-miniature or standard size, horizon-
tal or vertical. 100. 250, 500, Ik, 2.5k, Sk. 10k 25k, 50k,
100k. 250k, 500k, | He, 2.5 Mez. 5 Meg, NEW PRICE!
I/~ each or any selection of 12 pieces 10/-.
ELECTROLYTIC CAPACITORS (Mullard). -i0°,
to +50° tol. Subminiture f(all _values in uF).
v 8 32 64 125 251 400

MIN. POLYESTER CAPACITORS. Printed circuit
type 250 Vdc working. 0.01.0.015. 0 022. 7d each. 0.033.
0.047, 8d each; 0.068, 0.10, 9d each.

VEROBOARD 0.15" Matrix FLUX COATE

23 x 317, /3 21 x 5% 31 x 337 ¥l 37 e, 5/6.
3} x 18" i8/~. BARGAIN PACK of 36 square inches all
200d size pieces only 10/~ pack.

VEROBOARD 0.1" Matrix, 3, x 2", 3,9

VEROPINS for 0.157, 36 picces 31—

VER CUTTER 9 - (including free sample picces).

Single "'DeC” with
S'DEES accessories and pro-
ject manual .. 29/6

“2.DeC” kit contains  (wo
“DeCs" component tray acces-
sories, instruction book, all
packed in atcraceive plastic
69/6

bo

“4-DeC” kit contains four “D:Cs " accessorics, manual,
etc. S117ie
BOOKS FROH STOCK
General Electric Transistor Manual, 660 pages of data
and circuits oo 29/6

A Transistor Manual, 554 pages includes SCR
circuics . L. 28/~
Dzs:gnzrs Guide to British Transistors. Excellent data
book lists over 1.000 common types plus Compuur-
selected substitution ch =

(ADD 2/6 POST & PACKING FOR ALL BOOKS)

NEONS
Signal neons for many types of circuit, type "N
Price 1/6 each or 16/~ dozen
HEATSINKS. Suitable for 2 X OC]S. cte.
commercial equipment. Type 10|
ALUMINIUM CHASSIS
6 X 4 X 21" with reinforced corners 6/9 each (P & P 1/6).
Ally panet to fit 1/6. Paxolin panel to fit 2/~ Many other
sizes in stock up to 12 X 8 X 2!7 (see catalogue).
ZENER DIODES. 400mW (07 Tolerance. Completc
range preferred values 3 volt to 30 volt, cach B 1)
SOLAR CELLS
B2M 0.2-0.4 volts i 2mA Selenium type .
B3M 0.2-0.4 volts @ 1{-2!mA Selcnium type
SIM 0.3-0.4 volts v 10 16mA Silicon
54M 0 3 0.4 volts « 25-40mA Silicon

As used in
o 8-

ULTRASONIC TRANSDUCERS

Operate at 40kc/s. Can be used for remote control systems
tthout  cables
pe electronic
links. Type (404
trans-ducers  can
transmit and
reccive.
FREE: With each
pair our complete
transmicter  and
receiver circuit.
PRICE

£5.18.0 Pair
(Sold only in pairs)

Prices quoted are current at time
of going to press and may be.
subject to variation.
Semiconductors oHered  bear
Manufacturers’ original markings
and are subject to our full repiace-
ment guarantee il not to pub-
lished specifications.

E DO NOT offer "'Re-marked™
Semiconductors.
Our 1969;,70 Catalogue is avail-
able FREE on request.
Piease enclose a stamped addressed
envelope with any queries.
Quantity Prices on application.
Retail: Cash with order, please.
Tradt Please furnish usual refece

< if Credit facilities required.
Post & Packing | /- per order (FIRST CLASS),

MAIL ORDER DEPT. & RETAIL SHOP:—

LST, 7 Coptfold Road, Brentwood, Essex
Telephone: 226470/1 (Sales Ocpartment)

EXPORT ENQUIRIES PARTICULARLY WELCOME
GIRO No. 388-3159
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VALUE ALL THE WAY

each.

fully tested,

1/6 each; 25.99,

|6/- each

INTEGRATED Sil. trans. suitable UALlTY TESTED PAKS
for P.E. Organ. Metal i o
C'E..CPL,{LTS Tolia Eayt 2700 KING OF THE PAKS Unequalled Value and Quality Q
MONOLITHIC pacachIony QLY 6 Matched Trans. OC44/45/81/810 . 10/~
DIG(:I?L“C!rR()ClSJ)ITS SU PER PAK NEW BI-PAK UNTESTED | 20 rRed Spot AFRTr_?_ns PNP:‘P ......
ea - 16 White Spot RF Trans. %
BP30SA, 6-nput AND | AD 161 new SEMICONDUCTORS 5 Silicon Reces. 3 A 100400 Piv .l
gate, 9/6 each. 2 10 A Silicon Rects. 100 PIV . P
BP314A, 7-nput NOR | AD 162 pne Satisfagtion GUARANTEED in Every Pak, or money back. 2 OCI 140 Trans. NPN sw.:chmg T
BETaA S 3 MATCHED COMPLE- | pak N L ASCRI0PV ter-
9 ual -tnput i al o. . L 35 rans. PN -
NOR gate, 9/6 each. MENTARY PAIRS OF } (] 120 Glass Sub-min. General Purpose Germanium Diodes WL' 4 Zener Diodes 240mW 3-12V ..... [0/=
BR3ISA: Dusl Zinbuc | &8 R Ki4ToRS, " | UZ__ 60 Mixed Germanium Transistors AF/RF 10/ | 3 200 tcrs Si-Frans PN 85Y26737 Jo1-
able), 9/g:t:ach'expan " | For mains driven out- | U3 75 Germanium Gold Bonded Diodes sim. OAS, 0A47 10/~ i E!T::EE;?::: Teane. OC?Z :v‘t‘. IOI:
BP320A, lJ;K‘;Bina':y ele- ::; srgaa%ei;ifefmeiﬂers U4 40 Germanium Transistors like OCB1, ACI28........ 10/=} 2 Power Transistors | o%gl OC15 :gl—
BPISIA, | Dual T-input SgrlhOgESTRPRICE U5 60 200mA Sub-min. Sil. Diodes. .. -« -c.- ... 2 .7 :z;. § Silicon Rects., 400 PIV 250mA..... |o;:
OR gate, 9/6 each. PER PAIR. Us 40 Silicon Planar Transistors NPN sim. BSY95A, 2N706 - | Power Trans, OC20 IO0V &
BIZPAI U7 16 Silicon Rectifiers Top-Hat 750mA up to 1,000 10/- | 10 ©A202 Sil. Diodes Sub-min
MONOLITHIC sicon teciifers o0 - Trans, NPN 2N929/30 10/-
AMPLIFIERS S PV ER SILI- | G850 Sil. Planar Diodes 250mA OA/200/202 ... .- 10/ | o NP VB 100 ZTSéI 101
P70(E°O-5 8 lead) SISTORS. TO-3. U9 20 Mixed Volts | watt Zener Diodes . .............. 10/-1 8 OABI Diodes ..........n wive. 1Of=
e D,ize; ,gf_’*‘e‘;‘c’,’.‘f"am' \T/%:)éfoso 1s|0344A NPN | OTT 30 PNP Silicon Planar Transistors TO-5 sim. 2N1132.. (0/- iggg ;::::;:zg:z A :g;:
BP701C, Operational am- CT 15M/cs | Y13 30 PNP-NPN Sil. Transistors OC200 & 25004 ........ 10/=1 4 Sil. Rects. 400 PIV 500mA . cee 10/=
535:5:) (lv;.llleheac%en" VCEIO0  Ptot. 40w | Ul4 150 Mixed Silicon and Germanium Diodes ... .. 10/~ g gs;gg; :Il:rans EQ:: 88:; o s :8;:
BP702C, Operational am- | YEB8 hFEé’“'P“r]ce 7530 NPN Silicon Planar Transistors TO<5 sim. SNGST . T0j- SRS e RO, See 1E
plifier " (with dr:"e“ 5/~ mach | U16 10 3-Amp Silicon Rectifiers Stud Type up to , 1000 | PIV 10/~ | 3 GT31 LF Low Noise Germ Trans. 10/=
BP%‘atnp\‘;\!/)iheut!:n?;rﬁp|;. 2N3055, '1"‘ each U730 Germanium PNP AF Transistors TO-5 like ACY 17-22 10/-| & 10314 é‘!rn‘?‘t’a".zzlfsi';’.if,ﬂ“ﬁm :g;:
fier, 18/~ each. U188 6-Amp Silicon Rectifiers BYZ 13 Type up to 600 PIV 10/~ 3 NPN Germ. Trans. NKT773 Eqvt.. 10/~
R ';‘.’,f,:"‘.'}',"'i;';'hd' ol o oy ofyour | UT9__30 Silicon NPN Transiscors like BCI08 ... ... - 10/-| 20C22 Power Trans. Germ. ... :g;-
., 14/~ cach. - orsa e wi 5 e 10)-
BP20IC, General pur- | ownchoicefree with | U20 12 I-5-amp Silicon Rectifiers Top-Hat up to 1,000 PIV. 10/= | 2 X5 2000 0B High Gain. ... 10/=
reoasde) azrvnzlli(';; (;I'rojre :;‘::FS valued £4 or | 21 30 A F. Germamum alloy Transistors 26300 Serles & o7 ;;rs:zzg)ggpcgw‘p‘cﬁ:; ;::inN :g;_
i} - . — - 0 3 . ‘ms
e Ehachy U033 30 Madt sTike MAT Series PNP T.—ﬂs.i(i 19/- | 7 CC62H Germy. Diodes Eave. C Sa7i 101~
fier w;:)hl Zener output. ggN DF!ZFCl)JSE)DDEJIIE)': U24__ 20 Germanium I-amp Rectifiers GIM up to 300 PIV. .. 10/=] 3 Assorted G""}N%of’es M,,.k,d” :gf’
YRS QUICULELAUHC, NPN Silicon Transistors 2N708, BSY27... 10/= 4 A erm. Fans: o ps -
Pt B Lead TO-5 | DIODE TYPE Tis701 | U25 25300 Mcis 0 : : A o/
S g::glﬁ) nifer . ape [ 53630 Fast Switching Silicon Diodes Jike IN914 Micro-min_10/- 4|siliconiRert Y 0Ol °"‘A R
. B swi - >
i i 028" E enters’ Assortment of Integrated Circuits, un- 7 OC8| Type Tranms... verees 10f=
50‘;"|‘|’"c° I%/6 cach :r:‘gd ?S:t:‘fzs_uresr%ecf texsrt’:;"gar(‘esrﬂlp Flops, Registers, etc., 8 Assorted Pieces 20/=| 3 OC|71 Trans...... i :8/-
prey éf::cer:i for® 220mW, OUR _PRICE [ U250 1 amp SCR's TO-5 can up t0 600 PIV CRSI1725600. 20/ | $2N2526 il $‘;‘a’,’,‘! T_"f““_‘ S e w;:
OTHER T X 030 15 Plastic Silicon Planar trans. NPN 2N2924-2N2926 .. 10/= | 2 76701 Sil. Trans. Texas. PRy
MONOLITHIC | OVER 8/s. EACH. ; Amp ZN3707 ... 10/=| 3 12 VoIt Zener 400mW 10/-
DEVICES FULL DETAILS. lgy 20 Sil. Planar NPN trans. low noise Amp 210 A B8 PV S, Reces. |S45R T lols
BP424, Zero voltage U32 25 Zener diodes 400mW D07 case mixed Volts, 3- I8 10/~ 3 BC108 Sit. NPN High Gain Trans. 10/~
switch, 8/6 each. g Silicon Rectifiers IN4000 series .. 10/= ]| | 2N910 NPN Sil. Trans. VCB 100 . 10/-
i § R LOW COST F.E.T.s | U33 IS Plastic case l-amp Si
This device is a mono- 2 1000 PIV Sil. Rect. 15 A R53310 AF 10/-
i Fully Tested, Guaran- | (34 Sil. PNP alloy trans. TO-5 BCY26, 25302/4 10/~ e
!:l;:':‘t:)n!.e%. :ﬁtztsh:fésdif teed Perameters equit. i ;2 S!I PI o ra;:qp TO-18 2N2906 10/- § %SJ”AsSu"TT""‘ RN 200mchs :3;:
tector and trigger circuit | 12, 2N3819. MPF102, u3s o Angtnans. 2 ngggo L rah?s e G T 10/=
for Commnmgsa Ceiachit 2N5459. 1-24 7/6 each; | U36 25 Sil. Planar NPN trans. TO-5 BFY50/S1/52 ......... 10/- e, PNgv;-h :I;$EQ ermam rans 1o/
is designed to pulse the | 25,99 ¢/3 gach; 100 up § U37" 30 Sil. alloy trans, SO-2 PNP. OC20025322 . o 0/- ] L RENIT PN High Fred TPt L tofm
gate of 2 chyristor ac the | 21 <300 CON8Ar S 75 1 U380 Fast Switching Sil. trans. NPN 400Mc/s 2N301T. ... 10/= | 4 Made's 2 MATI00 & 2 MATI20... 0/~
B o rereiora . tion. X case. U39 30 RF Germ. PNP trans. 2N1303/5 TO5 .. ... (0| | FEClEs LA IO T (Al qogy H1
nate radio fr y U40 10 Dual trans. 6 lead TO-5 2N2060 10/= | 3 AC127 NPN Germ. Trans. ...... 10/-
T A CEL e TOT U417 30 RF Germ. trans. TO-1 OC45 NKT72 ... ... . 10/- | 123906 Sit. PNP Trans, » Motorola . 1o/
. g i
DI3DI Silicon Unilateral | 307 carf: 6, 400 Piv. | U42 10 VHF Germ. PNP trans. TO-1 NKT667 AFII7...... 10/-| 120 poner Recrs “NPN 1001
P colullgfsaeach: TO-66 case, 25/- each! TK201A -
ilicon Planar, mono- 10A, 400 PIV TO-48 3 . id he type of device 6 Zener Diodes SV Sub-m
lithicintegral circuit hav- } - 35/- each. New Code Nos. mentioned above are given as a guide to the typ: 2 2N1132 PNP Epnuxaal Planar |
lcr'\‘g”atcig::::::c: ;Ie:txlctar: Hnd "'u“”ested.' in the Pak. The devices themselves are normally unmarked. 3 f;NéW Ep'ux'erl PIanaEr Trans. 5
'l erm ower rans QV(
an anode gate and a built- | Unijunction Trans. 2N2646 ... .. |
in “Zemer” diode be-| LUCAS 35A SIL. RECTS. OVeb ZT83/84 15/
i Zo ded 8 | (LVSASIRSERESTS | oLy mance oF zenen | FET'S 2 5, P Sabiich abvee 2ot i
Full daca and application | stud eype, vine oa ¥ e AT | VOLTAGE RANGE 2-16V. IN3es-eco 20l | 2203710 S Epoxy Planar WFE22S 151
FAIR pANEI0NE i il e M G RS OO D ) et MPFI05 8/= | 25Sil. and Germ. Trans. Mixed, all
FAIRCHILD (U.S.A.) | 90AF—BYT97400R.2N 777,10/~ | 1-5W (Top-Hay) ..... 16 eac il M0 gl A T I ey g e 0/~
RTUL MICROLOGIC [ each; 25-99, 9/- each; 100 up | |0W (SO-10 Stud) ....5/= each OCP71 Type. 8/6 %
INTEGRATED 8/6 each. All kfu‘lily (estec.ll 5% tol. andd
CIRCUITS NPIN SILICOMN PLANAR marked state voltage required. ——
tEep;:y ezl T3 e2d | sCiozimrs, 2 cach;  50-99. UNIJUNCTION
5S°C. 'OLO00,  Buffer, | 116 racn Foriy tosecs s caaed | SILICON HIGH VOLTAGE | Uras. Eqve. 2N2646,
G ol ) TO-18 case. RECTIFIERS Eqve. TIS43, BEN3000
ual ( p
gate. 10/6 e PNP SIL. PLASTIC TRANS. | 10-Amp 3-K.V. (3000 P.I.V.) 5tud 7/6 EACH
UL923 J-K- ﬂlp flop, 14/= | Similar to 2N3702, uncoded but Type with Flying 25-99 5/.- 100 UP 4/- - I‘

Complete data and cir-
cuu(s for the Fairchild
1.C.’s available in booklet
form priced | /6.
MULLARD I.C.
AMPLIFIERS
TA A243, Operational
ampl-ﬁer 70/~ each.
TA A263, Linear AF
amplifier, 18/6 each.
TA A293, General pur-
pose amplifier, 2I1/-
each.

CA3020 RCA (U.S.A))
LINEAR
INTEGRATED
CIRCUITS
Audio Power Amplifier,

30/~ each.

Owing to the mass of I.C.
printed matter often re-
quired by customers in
connection withthe |.C.'s
themselves we ask you to
help us in the cost of
reproducing this literae
ture by adding 2s. to.
wards same. This is only
necessary when a number
of different sheets are
required.

KING OF THE PAKS

DECEMBER 1969

1/3 each; 100 up, )/~ each.

“TRANSISTOREN"
Transistor equit.

book. New

Dutch edition printed in English.
Equit. to European, American

and Japanese Trans.
15/- each.

[90 pages,

SPECIAL CLEARANCE
GETI20
PNP Med. Power Trans.

OF

com-

plete with heatsink, Mica wash-

12 up,

ers, etc, slmllar to NKT303,
I.C. 2A, 5W, 2/6 each;
2/- each.

BRAND NEW TEXAS
GERM. TRANSISTORS

Coded and Guaranteed

EQVT.
QC7I ..

9 2N
TI10 82G417 AFI17

10/~
10/~
10/~
10/-
10/~
10/~
10/~
10/~
10/~
10/~

2N2060 NPN_ SIL. DUAL
TRANS. CODE DI1699 TEXAS.
OUR PRICE 5/~ each.

120 VCB NIXIE DRIVER
TRANSISTOR Sim. BSX21 &
C407. 2N 1893 FULLY TESTED
AND CODED ND120. 1-24 3/6
each. TO-5 NPN 25 up 3/- each.

PLEASE NOTE. To avoid any
further Increased Postal Charges
to our Customers and enable us
to keep our By Return Postal
service' whichis second to none,
we have re-organized and
streamlined our Despatch Order
Departmentand we now request
you to send all your orders to-
gether with your remittance,
direct to our Warehouse and
Despatch Department, postal
address: BI-PAK SEMICON-
DUCTORS, Despatch Dept.,

P.O. BOXG W ARE, HERTS.
Postage and packing s:iII |{- per
order. Minimum order 10/-.

CADMIUM CELLS
ORP60 ORP61 8/= each

TESTED SCR’S
PIV IA 7A 16A 30A

50 7[6
100
200
300
400
500
600

SIL. RECTS. TESTED
PIV 750mA 3A 10A 30A
)/~ 9/6
173
L9

50/-

2/3 22/~
2/6 25/
0 3/- 30/~
33 37/~
3/6 40/-
5/ 50/-

6/6 11/6 15/-

www americanradiohistorv com

500, Chesham House,
150 Regent Street,
LONDON, W.1.

BI-PAK GCUARNTE SATSHCTIONGE MONEY BACK

257
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AMATRONIX LTD.

GUARANTEED TRANSISTORS

AD161-2 12/. GET693 1/3 2N3055 16/6
AF239 10/ HKO041 2/6 2N3707 4/.
B5000G 11/3 HKI101 2/- 2N3794 3/.
BD121  18/- HK601 2/6 2N3983 5/8
B8C107B  3/- 1544 1/4 2N4058 4/6
BC168B 2/3 MEMS64C 16/- 2N4285 3/.
BC169C 2/6 SF115 3/- 2N4289 3/
BF167 5/3 TIS18 7/- 2N4291 3/-
BF178 9/- TIS60M 4/8 2N4292 3/.
8F224 4/- TIS6IM  4/11 2SB187 2/-
BF225 4/- INT06 /7 2SB40S  5/.
BFYS1 4/- 2N2926G 2/6 2SD72 5/-
40468A 7/6

RECTIFIERS:

800piv, 500mA Si, IS557, 3/-; 50piv, 100mA.
1/-. Submin. Selenium Bridge, 30Vrms, 150mA
dc, 3/6: Contact-cooled Sel. Bridge, 30Vrms.
ZOOmA dec, 6/-. Silicon Bridge, 80Vrms, 1Adc,
0/-.

£1 = 25/-7?
It does, if you cash in on our
XMAS BARGAIN OFFER

For every whole £ you send, select
25/- worth of goods from this
advert or our current list

FOR ONE MONTH ONLY
ENDS JANUARY 1

356 Setsdon Road,
South Croydan,
Surrey, CR2 ODE

Mait Order Only. Prompt Service.
Orders over 10/- UK post paid.

COMPONENT KITS

NEW! in reéponse to many requests,
we have designed an amplifier circuit for
use with low-impedance speakers. The
new AXS5 delivers 3W to 3§ and uses
the well-tried arrangement of the AX4,
plus one extra stage for higher sensitiv-
ity and input impedance.

* 3W rms to 3Q. Higher loads usable

* —3dB at S50Hz and 20kHz

* 30mV in 300k for full output

The AXS needs a 12V, 500mA supply
and will work from up to 15V. Com-
ponent Kit with Data Sheet 35/-.

AND ALSO OUR REGULAR PACKS—
RELIABLE AND EFFICIENT:

AX2 Mini 9V Amplifier for any load.
Still only 12/6.

AX3 9V Amplifier, 800mW to 8. Still
only 22/6.

AX4 18-24V Amplifier, up to SW in 852,
4W in 158, Still only 30/-.

AX9 TRF Receiver Kit (printed circuit).
Still only 45/-.

v

CAPACITORS

Polystyrene. 160V, small, close tolerance.
6d. each: 10, 12, 15, 18, 22, 39pF, + |pF
9d. each: 56, 82, 100, 120, 150, 180, 220,
270, 330, 390, 560, 680, 820pF, + 2{%
1 /- each: 3300pF (.0033uF). 10,000pF
(.01uF), 15,000pF (.01uF), +2}%
|2/3 each: 22,000pF (.022uF, 22nF), +

+%

Min. Metallised Polyester, 250V:

.01uF, 8d.; 0.1uf, 10d.; 0.22uf, 1/-.

J. B. Tuning_Capacitors: 300pF Dilemin,
10/-; 4-gang 3-17pF FM type, built-in slow

motion drive, 17/-.

RESISTORS

Carbon Film, }W, miniature, low noise.
10, 12, 15, 18, 22, 27, 33, 39, 47, 56,

68, 820 and so on to 10M. Tol. + 5% to
1M, 10% above IM. All 3d. each.
Carbon Skeleton Presets. Submin., vertical,
linear, 100mW. 50, 150, 5002 and so on
to 1.5M, Egen Type 467, 1/6 each.
Volume Control, 10K log. with d.p. switch
and long aluminium spindle with flat.
Standard size, Egen. 5/6 each.

R. F. CHOKES. Repanco: CHI, 2.5mH, 2/6;
CH2, 5mH, 3/-; CH3, 7.5mH, 3/-; CH4.
10mH, 3/-; CHS5, 1.5mH, 2/6. All small,
ferrite-cored,

FERRITE RODS: 4in. or 4}in. x in.. wound
for MW (300pF), 5/-; unwound, 2/-; oval,
unwound, 2 x § x }in., with data, 2/6.
TRANSFORMERS, MINI. A.F.: Eagle
LT700, 12002 c.t. to 3Q. 200mW, S/-;
Repanco TT47 driver for single ended push-
pull, 4.5 to (1) + (1), 6/-.
TELESCOPIC AERIAL: 7iin.
47in.. 9/-.

BATTERY HOLDER BH2 for two 1.5V pen
cells, with snap connector, 2/6.
EARPIECES, all 3.5mm plugged, crystal,
4/9; magnetic, 8Q. 2/6; 50Q, 3/-.

opening to

30s.

Servicing with the Oscilloscope
by Gordon J. King. 28s.

Colour Television PAL System

Postage 1s,

THE MODERN BOOK CO
TRANSISTOR, AUDIO AND RADIO CIRCUIT

For Radio Receivers, Radiograms, Record Players,
Tape Record Players and Hi-Fi Equipment

A Mullard Publication

Radio Servicing Problems
by W. A. L. Smith. 9s.

Amateur Radio Call Book 1970

Postage 1s

Postage 6d.

by G. N. Patchett. 40s. ~ Postage 1s. by RSGB. 6s.6d. Postage 6d.
Audio Amplifiers Basic Theory and Application of
by DATA. 10s.6d. Postage 6d. Transistors. 17s. Postage 1s

Television Engineers’ Pocket Book
by J. P. Hawker. 21s. Postage 1s,

Beginner’s Guide to Radio Control
by Warring. 18s. 6d.  Postage 1s.

Electronics Pocket Book
by J. P. Hawker. 21s. Postage 1s.

Mathematics for Radio and Electronics
Technicians by Fritz Bergtold. 50s.
® postage 1s.

The Hi-Fi and Tape Recorder Handbook
by Gordon J. King. 40s. Postage 1s.

Transistor Manual
by General Electric Company. 21s. Postage 2s,

Solution of Problems in Electronics and
Telecommunications by Henson. 38s.
Postage 2s.

Beginner’s Guide to Colour Television
by Squires. 15s.  Postage 1s,

We have the Finest Selection of English and American Radio Books in the Country

19-21 PRAED STREET (Dept RC) LONDON W2
Telephone PADdington 4185
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There's Somethin
g for Everyone in
NEW HEATHKIT CATALO(tihGE!

e GUITAR PRACTICE
AMPLIFIER

e ELECTRONIC
METRONOME

o AMBASSADOR @ HLFl
SYSTEMS

SPEAKERS
e AUTO TUNE-UP METER

e AIRCRAFT MONITOR RECEIVER

e CAR RADIO

e TECHNICIANS’
LOW-COST VVM

|. v,

| Loolk whalts 305! || e SEVERN o SW

aew fron e - Am/Em RADIO  RECEIVERS
il e FABULOUS STEREO

HI.FI COMPACTS

' STEREO
RECORD PLAYER

e D..Y. SPEAKER SETS
GENERATORS, RF, AUDIO, TV
e POWER SUPPLIES
e D.LY. RADIOGRAM PACKS

e MANY OTHER MODELS
TOO NUMEROUS TO
MENTION

Send for this
FREE Catalogue

and see for yourself, Today!

o] FIEHATEINIT

DAYSTROM LIMITED,
HEATHKIT DIVISION,
GLOUCESTER, GL2-6EE
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BOUND VOLUME
No. 22
“The Radio :}Znstructor”

FOR YOUR LIBRARY

UGUST 1968

T to JULY 1969

800 pages
plus index

PRICE 39/ = Postage 46

Special discount of 10/- for regular readers
Just cut the heading from each month's
contents page, including title and month of
issue, and this will be sufficient evidence of
readership to qualify for the discount.

Thus regular readers will still retain their
copies for workbench use, while having a
splendid bound volume containing issues in
mint condition.

PRICE 25/-

Postage 4/6

MOlVY A FAST EASY WAY
TO LEARN BASIC RADIO
AND ELECTRONICS

Build as you learn with the exciting new
TECHNATRON Qutfit! No mathematics.

No soldering—but you learn the practical way.

Now you can learn basic Radio and Electronics at home—the
fast, modern way. You can give yourself the essential technical
‘know-how’ sooner than you would have thought possible—
read circuits, assemble standard components, experiment,
build . . . and enjoy every moment of it. B.I.E.T’s Simplified
Study Method and the remarkabie new TECHNATRON Self-
Build Outfit take the mystery out of the subject—make learn-
ing easy and interesting.

Even if you don’t know the first thing about Radio now,
you'll build your own Radio set within a month or so!

Limited Number of Volume 21
(August 1967 to July 1968) still available
Price 35/- Postage 4/6

Available only from:-

Data Publications Ltd.
h7 Maida Vale London W9

. . . and what’'s more,
YOU'LL UNDERSTAND
EXACTLY WHAT YOU
ARE DOING. The Tech-
natron Outfit contains every-
thing you need, from tools to
transistors . . . even a versatile
Multimeter which we teach
you how to use. You need
only a little of your spare
time, the cost is surprisingly
low and the fee may be paid
by convenient monthly instal-
ments. You can use the
equipment again and again—
and it remains your own
property.

You LEARN-hut it's as
fascinating as a hohby,

Among many other interest-
ing experiments, the Radio
set you build—and it’s a good
one—is really a bonus; this is
first and last a reaching
Course. But the training is as
rewarding and interesting as
any hobby. It could be the
springboard for a career in
Radio and Electronics or
provide a great new, spare-
time interest.

BRITISH INSTITUTE OF

ENGINEERING TECHNOLOGY
Dept. 3708, Aldermaston Court,
Aldermaston, Berkshire,

A 14-year-old could under-
stand and benefit from this
Course—but it teaches the
real thing. Bite-size lessons—
wonderfully clear and easy to
understand, practical projects
from a burglar-alarm to a
sophisticated Radio set . . .
here's your chance to master
basic Radio and Electronics,
even if you think you're a
‘non-technical’ type. And, if
you want to carry on to more
advanced work, B.LLE.T. has
a fine range of Courses up to
A.M.LLE.R.E. and City and
Guilds standards.

Send now for free 164-page book.
Like to know more about this
intriguing new way to learn
Radio and Electronics? Fill
in the coupon and post it
today. We’ll send you full
details and a 164-page book
—'ENGINEERING OP-
PORTUNITIES'—Free and
without any obligation.

r--------—----ﬁ

|
1
\
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To: BIET, Dept. 3708, ALDERMASTON COURT,  §
ALDERMASTON, BERKS,

I would like to know more about your
Practical Radio & Electronics Course. Please
send me fulldetailsand FREE 164-page book. I

name... ...

.............................. age....... 1
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Don’t read on unless you're feeling really strong. This all you have to pay for thie great big hunk of temotaticn
beck will start you on a mad, crazy spending spree. s 13,- (including packaging and postage).
Irta : ig(;tn ?/ﬁlryftlhrln nagr;;but evenything for the do-it-yourself sO fillinthe COUPON NOW. |f yoare_
Everythirg from a vast range of electronic components Enclose PO/ceque made out to _l
ava lableto the home electronics constructor, to a EIE;tCroEilquis (pr%%ri%t;rsbsmr;}d\a«;d Ti‘qep|h°res |
1 0t 4 en ables Limited), nburg ay, Harlow.

\(;Vql‘;?'lsttiéagggko; 2y WAL for the radio “ham”. Essex. Telephone: Harlow 26811. l
Tre Electroniques Constructors Catalogue. Mame I
Only the most exciting, mot th-watering items are there. l Aadress
Cerzfully placed in 6 sections for easy reference. And l
backed by truly efficient.sales service. I

]

Sc if you order any of the vast selection of goods, you're
sure to get it pretty soon.
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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 World 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 range ... ... 2s. 6d.
DTB4 Transistor & Valve circuitry for D.P. Coils ... 2s. 6d.
DTB3 Valve Type Coil Pack Application circuitry ... 2s. 6d.
MD.1 Decoder Circuitry for Stereo Reception ... 4s. 0d.

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

Read all about building a —

DIGITAL PROPORTIONAL

6-CHANNEL RADIO CONTROL OUTFIT
in “RADIO MODELLER” magazine

@ SPECIAL OFFER —

TWO ISSUES—Containing the 2-part article
on building up the Remcon “QUANTUM SIX”
six function digital proportional superhet
receiver and transmitter

for only §/- (normaliy 7/-)

Send now, enclosing 5/- P.0. or cheque to:—
@ RADIO MODELLER, (Dept. S.0.),
64 WELLINGTON ROAD, HAMPTON HILL, MIDDLESEX
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Bi-PRE-PAK

LIMITED

FULLY TESTED AND MARKED NEW TESTED & GUARANTEED PAKS
Ag|g7 g;z OCl170 3/- TRY OUR X PACKS FOR 82 4 F;hotos\?ellss. S;n Batteries. ]0/_
ACI26 ocCi71 4/- .3 to0 .5V, .5 to 2mA.

AC127 2/6 0€200 3/6 UNEQUALLED VALUE 877 7 ADIGI_ADI62  NPN/PNP
AC)28 2/6 0OC201 7/- 2 Trans. Comp. output Pair ]0/-
ACI76  5/- 2G30] 2/6 §| xa PAK - 2Ly Lo L
ACY17 3/: 2G303 2/6 Germanium PNP type transistors, equiva- 879 4 'I(%%ooz Sil.  Rec, .[’?nodes. ]0/-
AF114 4/ 2N711 10/~ A Piv. 1 amp Miniature.
AFITS 376 IN1302-3 4 lents to a large part of the OC range, i.e. =, = = -
i HH N0 5;: 44, 45, 71, 72. 81, etc. BBT ] Reed Switches. Mixed types 10/-
AF117 376 IN1306-7 6/ PRICE £S5 PER 1.000 largeRandiismally
AF186 10/- 2N1308.9 8/- POST & PACKING 4/6 U.K. B89 9 55P5 Light Sensitive Cells. ]0/-
AFI139  10/- IN38IS  9/. B Light res. 400g). Dark 1Mg).
G a0 Bower ore XB PAK : B91 g NKT163/164 PNP Germ. to (/.
BSY2S 776 0C20 10/~ i‘”Ni;on To.(]je ]CAN type transistors NPN/ —5. Equiv. to OC44, OC4S5.
BSY26 3/= 0C23 10/- mixe: ots, with equivalents to § B92 NPN Sil. Trans. A06=BSX 20, J
BSY27 3/- 0C25 sf_ OC200-1, 2N706a, BSY27/29, BSY9SA. 4 2N236I9. 500 MHz. 360 mw. 10/
BSY28 3/- 0C26 5/- § PRICE £4.5.0 PER 500 £8 PER 1,000 ;
0 B93 GET113 Trans. equivalent to .
Bivaea 3 e 40 POST & PACKING 2/6 U K. 5 RV 721 Prp “Cerm. 10/
OC41 2/6 0OC36 7/6 B4 6 NPN Sil. Planar Epitaxial ]0/_
0C44 2/6 AD149  10/— § XC PaK Trans. CS4 similar to BSY38
8%;? %;: Q#BYOISOS I‘ig;- Slilicon diﬁdes |miniature glass types, finished or BC108.
- black with polarity marked. equivalents to : .
0c72 2/6 Diodes OA200, OA202, BAY31-39 and DKI0, ecc. § B7¢ 5 2N3136 PNP Sil Teans TO- 10/-
ger3 D oAy - PRICE €4.10.0 PER 1,000 200 MHz.
9c81D };s S 19 POST & PACKING 2/6 UK. 898 10 XBII2 & XB102 equiv. to 10/-
- A79 1/ — AC126, ACI56, ©OC81/2.
e A et ”z ALL THE ABOVE UNTESTED PACKS HAVE _OC71/2, NKT271, ete.
/ AN AVERAGE OF 757 OR MORE GOOD §89990(Q Capacitors, Electrolytics, 10/-
= SHIBER e e bt | B e S
2 9 . R Postage on this pak 6.
FR&E'E;C% otfheyoggluzwgfdl‘?)‘;f MUST NOT BE LESS THAN THE MINI- [ Haocg Mixed Rerpstors, 10/-
® with orders over £4. AMOUNTS QUOTED PER PACK. Post & packing 2/-.

LOOK! TRANSISTORS ONLY 1/- EACH Return of the unbeatable P.1 Pak.

TYPE A TYPE B i TYPE C Now greater value than ever
PNP SILICON ALLOY PNP SILICON PLASTIC NPN SILICON TO-18 Full of short lead semiconductors and electronic
TO-5 CA ENCAPSULATION CAN components, approx. 170, We guarantee at

-5 CAN
Spec:— hFE 15-100. ICER least 30 really high quality factory marked
pl Spec:— hFE 10-200 Spec:— hFE 50-900 a
'al'th VCE 20Vf |t;‘nA 224336(0. ICER at VCE=10V 1ImA | ICER at VCE—20V ImA [ Transistors PNP and NPN, and a host of
ese 3":. h°‘ e reer | Max. Max. diodes and rectifiers. Mounted on printed
;ar:JgiSalewnc‘cto ItsheaOCIZrOe(‘J:- These are of the 2N3702-3 These are similar to BC108-9 circuit panels. ldentification chart supplied to
q and 2N4059-62 range. Types. give some information on the transistors.

205 range.
P.1 PLEASE ASK FOR PAK P.1 ONLY ]0/
2/- P & P on this Pak.

NEW UNMARKED UNTESTED PAKS
= — MAKE A REY., COUNTER for your Car., The

B78 Int d C , Data &
12 rearated G 2212 10/~ | -TACHO BLOCK'. This encapsutated block will
o with orders. turn any 0-1mA meter into a perfectly linear
80 @ Dual Trans. Matched O/P ]0/_ and accurate rev. counter for 20/_ each

airs NPN. Sil. in TO-S can. .
SPEC,AL O’FFER 882 10 :C_)C45. Moﬁeldo ’& O‘(::BI ]0/- any car. State 4 or 6 cylinder.
-k rans, ullar ass £y
rabitised | B e ety _ | FREE CATALOGUE AND LISTS for:-
12 volt Staol ¢ 200535 S S 10/
power units i B84 10QSilicon Diodes DO-7 glass 10/- ZENER DIODES

10-250V.- AC ‘ EM—W,?_OO%AZOL_ TRANSISTORS, RECTIFIERS
tnput 2 Aav, stabilised 15058 gl Typer - Dio%es 10/- FULL PRE-PAK LISTS
outeut V1 Kme: B86 50 31 Diodes sub min 51470/ | & SUBSTITUTION CHART

887 Germ. PNP Trans, equiv. t
100 Germ: PRE LG, 2 10/- FMINIMUM  ORDER  10/-. CASH WITH

B88 Sit. T T NPN.  PNP. ORDER PLEASE., Add 1/- post and packing
50 2uivalent o OC260/1 7 10/= R per order. OVERSEAS ADD EXTRA FOR

2N706A, BSY95A, etc. AIRMAIL.

B60 10 7  Watt Zener Diodes. ]0/_ S S e e

Mixed voltages.
H5 16 ! Amp. Plastic Diodes. 50- ]0/_

1000 Volts. Semiconductor & Valve 3 6
H6 40 250mW.  Zener _ Diodes ]0/_ Data & equivalents.
EACH

DO-7 min. Glass Type. Postage 6d.

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS

DEPT. C, 252-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX
TELEPHONE: SOUTHEND (0702) 46344
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... or any day you please (Sundays included) — any time of day or night.
Your message will be received loud and clear. Even if we are not there
“live” at the other end of the line, our telephone recording machine will take
your message for us to deal with as soon as we are back on the job. If your
message is a fat order we’ll be delighted. If it's just a teeny weeny order
we’ll still be delighted.

This “order-by-phone” facility is just one of the many advantages offered
by our new CREDIT ACCOUNT SERVICE. Here are a few more advantages:—
Order forms and prepaid envelopes are provided, so if you want to order
by post, you don’t even have to find a stamp. To settle your account you
need only one cheque, postal order or money order per month. Normally
on credit accounts there is a minimum invoice charge of 30/-, but we
stipulate no minimum.

Of course, this Credit Account Service is available only if you are already
using our catalogue for ordering components, but after you have been in the
service for 12 months we regularly send you an up-to-date catalogue FREE
of charge.

Like to know more about this trouble-saving, money-saving service? Then
drop us a line or give us aring, 01-648 8422.

You should certainly have an up-
to-date copy of the Home Radio

%&%&&&&&&&&%&%&&&&&%&&ﬁ?

2

Catalogue even if you do not in- 5y : ; ; 3}@;
tend to use our Credit Account srg; Please write your Name and Address in block capitals 3%
Service. It's a must for every Radio ; o
and ElectrOnics enthusiast It has % NAME .................................................... Sé—
350 pages and lists 8,000 com- 3{% ADDRESS 3&2
ponents, over 1,500 of them illus- SE ............................................. %
trated. Moreover it contains 6 i A Bappy s
vouchers, each worth 1/- when 3“{; ................................................. § ¥ 3\%
used as indicated. Give yourself a 3%* ................................................... Christmas 3@;
Christmas present this year. Post S o to all our 33
the coupon with 12/- (8/6 plus 3/6 3%  Home Radio (Components) Ltd,, vers 1|
post and packing) and we’ll send N Dept. R.C., 234-240 London Road, Mitcham CR4 3HD. reavers ! W
your catalogue by return of post. ik , o g
P A A R A A AT P A S T
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THE “SPONTAFLEX”

SILICON

S.A.3. PORTABLE

by

SIR DOUGLAS HALL, K.C.M.G, M.A.(Oxon)

This medium and long wave receiver updates the author’s

earlier S.A.4 design by employing modern silicon transistors.

Only three transistors are required and the extremely low

capacitive loading across the single tuned circuit is amply

demonstrated by the fact that the whole of the medium wave
band is covered with a 100pF tuning capacitor

receiver is based on that used in

the Spontaflex S.A.4., published
in The Radio Constructor for May,
1968. That is to say it makes use of
the Spontaflex principle, but employs
two transistors connected as a super-
alpha pair at radio frequencies. The
second transistor amplifies at audio
frequencies in the common base

THE CIRCUIT OF THIS PORTABLE

configuration, and the first gives a
further stage of audio frequency
amplification as a common collector
device. The advantage of using a
super-alpha pair at radio frequencies
i1s that the input to the first transis-
tor is maintained at a very high im-
pedance with the result that very
little damping is imposed on the
tuned circuit, even though the whole

The receiver removed from its cabinet

A

!
1
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of this is applied across the input.
At the same time, the output of the
pair is at low impedance and offers
a good match to the low impedance
diode used for detection. This results
in an unusually high degree of both
sensitivjty and selectivity.

The earlier circuit used micro-
alloy transistors, and two effects
manifested themselves. First, there
was instability if an attempt was
made to use all the current amplifi-
cation available at radio frequen-
cies, and the intermediate coupling
stage had to be damped to overcome
this. Secondly, the receiver proved
unstable at the high frequency end
of the medium wave band unless
about S0pF capacitance was present
in the tuned circuit. As a result, a
normal tuned circuit consisting of a
fixed inductance and variable capaci-
tor would require that capacitor to
have a maximum of 500pF to cover
the wave band. This could cause
severe loss at the low frequency end
of the band as a fairly high induct-
ance to capacitance ratio is essential
for efficient working of this circuit.
Use was made, therefore, of a vari-
able inductance shunted by a trim-
mer adjusted to about 50pF.

NEW TRANSISTORS

Since the previous circuit was
designed the author has carried out
many experiments with various
newer types of silicon transistor for
the super-alpha pair, and has found
that with the Texas BF225 (which
is a very high frequency type). as
TRI and a 2N3707 as TR2 stability
is maintained without the need to
damp the intermediate coupling, and
without the need for any extra
capacitance, over ana above inevit-
able strays, in the tuned circuit at
the high frequency end The result
is even greater amplification at the
high frequency end of the medium
wave band, and the possibility of
covering the whole band with a
100pF tuning capacitor. The inter-
nal capacitances of the BF225 are
exceptionally low, and the induct-
ance of the long and medium wave-
band coils is about 800xH and
10mH respectively. These induct-
ances are over three times the
normal for transistor tuners and this
in itself gives a starting gain of
about 10 times the normal. The pre-
sent receiver is easier to build than
the S.A.4 since the special tuner re-
quired for the latter does not have
to be made, and there are, of course,
fewer components. The present ver-
sion also covers the whole of the
long wave band instead of the Radio
2 programme on 1500 metres only.

The need for a high ‘Q’ in the
tuned circuit was demonstrated by
the fact that the prototype of this
receiver was first fitted with a solid
dielectric tuning capacitor. This was
later replaced by the air spaced type
specified, with a marked increase in

THE RADIO CONSTRUCTOR
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efficiency over the low frequency
half of the medium wave band.

CIRCUIT OPERATION

To study the functioning of the

| COMPONENTS

Resistors
(All fixed values 4 watt 10%)
R1 68052
R2 2.2kQ
R3 S5.6kQ
R4 47k
RS 5.6k%
R6 750
VR1 5kQ potentiometer,

log, moulded track
(c.g. Cat. No. VRISB,
Home Radio)

Capacitors
Cl S60pF siiver-mica
C2 0.01uF paper or

plastic foil

C3 0.054F paper or
plastic foil

C4 2,000pF paper or
plastic foil

C5 2.000pF paper or
plastic foil

Co6 0.01uF paper or
plastic foil

Cc7 100uF electrolytic,
2.5V wkg.

C8 S50uF electrolytic,
2.5V wkg.

VC1 100pF variable, type

C.804 (Jackson Bros.)

Inductors

L1, L2, L3, L4 See text

LS5 2.5mH choke type
CHI (Repanco)

L6 2.5mHl choke type
CHI1 (Repanco)

T1 Output transformer
type TTS (Repanco—
Home Radio Cat. No.

TRC33)
Semiconductors
TRI1 BF225
TR2 2N3707
TR3 BCI168B
D1 OA73
Switch

St 3-pole 3-way
miniature rotary

Speaker
302 elliptical 8in. x Sin.

Miscellaneous
8in. x #in. dia. ferrite rod
10-way Bulgin tagboard, Cat.
No. C125 (Home Radio)
Epciyclic slow motion drive,
Cat. No. 4511/F (Jackson
Bros.)
3 knobs
PP9 battery
Plywood, Paxolin,
ete.

Perspex,

DECEMBER 1969

A simple case for the.receiver can be readily made up. In this
view the speaker aperture is visible at the left

circuit in detail, Fig. 1 should be
examined. The signal is picked up
by the ferrite rod assembly and
passed to the base of TR1 which is
at very high impedance. The out-
put appears at the emitter of TR1
and across R1 and LS, in series with
each other, L6 being cffectively in
parallel with these two. R1, which
does not appear in the S.A.4 circuit,

is included to prevent L5 and L6
resonating and causing the possibil-
ity of instability at the natural fre-
quency of these chokes, tuned by
strays. Such effects can cause spuri-
ous oscillation.

TR2 acts as a second common col-
lector r.f. amplifier and the output, at
low impedance, appears across the
diode, D1. Reaction is taken over

+oVv

(4

(o]

BF 225
M | cad-outs
L

b@gc

2N3707
B8C168B

Lead-outs

Fig. 1. The circuit of the “"Spontaflex" Silicon S.A.3 Portable

www americanradiohistorv com
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both stages and is controlled by VR1.
This component acts as a true
volume control since it also damps
the tuned circuit at low settings. The
diode, being in the emitter circuit,
allows TR2 to amplify as a com-
mon base audio frequency device,
without the need for any coupling
components, the a.f. output appear-
ing across R4 at high impedance.
The signal is then directly coupled
back to TR! which acts as a com-
mon collector audio frequency am-
plifier with the output across RI,
L5 and R2, most of the signal volt-
age being across R2. Direct coupling
takes place from R2 to the base of
TR3 which is a silicon transistor
with an exceptionally high amplifi-
cation factor not so very far short
of that given by both the transistors
used as TR3 and TR4 in the S.A4
design. There is overall negative
feedback of d.c. through R5 which,
in conjunction with R6, provides
suitable bias for all three transistors.

Overall amplification will be
found to be a little less than with
the S.A.4., which used an extra
audio frequency stage, but the dif-

Battery —

ference is not great, particularly at
the high frequency end of the
medium wave band. Tested alongside
a commercially made superhet with
a Sin. ferrite slab for pickup, to-
gether with two if. stages and two
audio stages in addition to the fre-
quency changes, the S.A.3 gave good
programme value from several
stations which were only just audible
on the superhet. The latter had
slightly less spread on the very
powerful local Radio 4 station, but
on all other stations any superiority
in sclectivity on the part of the
superhet was of no practical value.
Note that there is no electrolytic
capacitor across the battery lines.
Phase rclationships are such that
any internal resistance in the battery
provides a small amount of negative
fecdback which helps to maintain
stability and improve quality.

CONSTRUCTION
The layout shown in Fig. 2 is re-
commended. Most of the com-

ponents are mounted on the 10-way
tagboard, which should be wired up

Ferrite rod assembly

I' T i
| i
] i
Fixed vanes -Moving vanes
|
54’
|
|
|
|
|
)
i
Y.
‘ Screwed to
| Battery + ‘ baseboard
e — —_— 3‘/2” 7—'
Fig. 2. Wiring and layout diagram. The lead marked “L.S.” from
the positive supply line may connect initially to either of the
speaker tags
268

wwWwW americanradiohistorv com

first. The exact positioning of com-
ponents need not be as shown in
Fig. 2, which has been drawn with
clarity in view. There is no reason
why components shouid not in prac-
tice, cross each other in the interests
of short wiring.

The controls are mounted on a
piece of 4in. plywood, 5iin. by 3%in.
The mounting of VR1 and Sl is
obvious. VC1 should be mounted on
a small sub-panel of Paxolin or
Perspex as the use of a slow motion
drive is essential. An epicyclic ball
drive is used and is mounted on the
back of the plywood panel. Two
4BA bolts are then used with a
total of three nuts cach, to space
the sub-panel so that the spindle of
VCi1 fits the ball drive.

AERIAL COILS

An 8in. length of 3in. ferrite rod
is used, and two scparate sleeves are
required for the coils. L1 and L2
are on one sleeve, and L3 and 14
on the other. The sleeves can be
made of adhesive backed plastic,
such as Contact or Fablon, the pro-
tective paper being left on except
for a small strip cut away so as to
allow the sleeve to be stuck to itself
after passing round the rod. A few
inches are wound round the rod, not
too tightly, starting with the paper
backed edge. The coils are wound
on these slceves with a home-con-
structed “tag panel” betwecen them,
as in Fig. 3(a).

For the “tag panel”, cut out a
piece of Paxolin lin. by 2in, and
drill a 3in. hole in it for the rod, as
shown in Fig. 3(b). Fit six short 6BA
bolts and nuts to this, these taking
up the positions shown lettered A to
F in Fig. 2, each bolt securing a
solder tag. This “tag panel” is then
passed over the rod to the position
shown in Fig. 3(a) and cemented
firm. The “tag panel” takes the coil
connections A to F shown in Figs.
3(a) and Fig. 2. In Fig. 2 the L4
end of the rod is towards the reader.
The other end of the rod is, later,
cemented to a in. hole in the panel
of Fig. 2, after the coils have been
fitted to the rod and wired to the
“tag panel”.

Fit plastic sleeves to the rod, that
for L1 and L2 being free to move
along the rod slightly for final ad-
justment when setting up the re-
ceiver. (The sleeve length can be
trimmed after winding with a razor
blade.) The coils are then wound.

Lt has 125 turns of 32 sw.g.
enamelled wire, close-wound, and
L2, separated by about }in. has 10
turns of the same wire, also close-
wound. L3 uses 38 s.w.g. enamelled
wire and has 500 turns. These need
not be close-wound, but a 2}in. sec-
tion of the sleeve should be divided
by pencil marks into five sections
each #in. wide, and 100 turns of
wire pile-wound into each section,
giving more or less continuous pile
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24in. long. L4 has 20 turns of 38
s.w.g. enamelled wire separated from
L3 by 3in. All windings are in the
same direction. After winding, the
coil ends are connected to the cen-
tral “tag panel”, leaving suflicient
slack in L1 and L2 leads for the
sleeve on which these coils are
wound to be moved slightly along
the rod.

A piece of 4in. plywood, 2in. x
11in. with a #in. hole drilled through
it is required as in Fig. 3(c). A fur-
ther piece of similar plywood should
be cut to measure 8in. x 3{in., this
forming a baseboard. The control
panel is screwed to this as in Fig.
4. The 8in. x Sin. speaker is also
fixed to this bascboard, by means
of two stout metal brackets.

An important point to observe at
this stage has to do with the shape
of the speaker employed. If possible,
the cdge of the speaker should be
_close up to the panel. However, the
shape of some speakers may result
in the moving vanes of VCI being
fouled when they are open, where-
upon the speaker must be moved
along the baseboard by an appro-
priate amount. Moving the speaker
position causes no difhculties so far
as construction up to the present
stage is concerned, but it does mean
that the length of the case will nced
to be incrcased by a corresponding
amount when this comes to be made.

The small piece of plywood in
Fig. 3(c) is fitted over the end of
the ferrite rod, having first becn
equipped with a bracket to couple
it to the appropriate top mounting
hole of the spcaker. A further brac-
ket connects the other top mounting
hole of the speaker to the plywood
panel. If sufficiently strong brackets
have been usecd, the whole assembly
will now be rigid. The small piece
of plywood in Fig. 3(c) also serves
to hold the top of the PP9 battery
steady.

TESTING

The receiver, when assembled and
wired up, may next be tested. No
adjustments are necessary except,
perhaps, to move L1 and L2 a little
along the rod to obtain correct
coverage of the medium waveband.
If motor-boating, low frequency
howling or distortion should be pre-
sent, reverse the primary lead con-
nections of TI. Try, also, taking
the lead from the positive line to
the other speaker tag or removing it
altogether. Keep the battery leads
reasonably short and ensure that
they are not too close to the aerial
assembly. Make sure that the lead
from T1 to the collector of TR3
does not pass too close to VCI, in-
cluding the moving vanes when
these are in the open position. As
a last, and very unlikely, resort in-
crease the value of R4 to, say, 56kQ
or so.
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= —al Tag panel
L L L3 Lg
1) A
E gt FIA™ D Rl C AB
1Ot 20t
(@)
Six 6BA clear 73/81'holc for rod
holes ___ 15
& ‘To ) } 1,
BOO 1 12 O’ . _Top of battery
A0 1 £ 'I held down here
38"hole. \ A
for rod 3" Paxolin Plywood _| Syl
(SR | S
(b) (c)

Fig. 3(a). Details of the aerial and reaction coils on the ferrite rod

(b). Dimensions of the aerial rod tag panel prior to fitting
the solder tags

(¢). The end support for the ferrite rod

MAKING THE CASE

It is a simple matter to make a
suitable case for the receiver, and
the directions which follow apply to
the prototype. As was mentioned
carlier, it may be neccessary 4 cX-
tend the length of the case to accom-
modate some loudspeakers. If this
course should be necessary, the
appropriate dimensions next to be
referred to  should be modified

To commence with, two pieces
of in. plywood, 84in. x 34in. should
be cut for the top and bottom, one
piece Sin. x 3iin. for the side (the
other side is occupied by the con-
trol panel) and a piece 84in. x 5in.,
with a suitable apcrture for the
speaker, for the front. See Fig. §5,
which also shows a stiff wire handle.
One end of this passes through a
hole in the Sin. x 3iin. side and the
other through a second hole drilled

accordingly. through the top of the control panel,
Brackets
Tag panel ltem fig.3c
1/‘1
- rd
OA’/ a O
7 Speaker Vol \
Eﬂ Ve ' PP
Battery
7 \\A A 2
\
g ’ N
Panel of 1 Groupboard Brackets’ 14" plywood
tig. 2 | baseboard
e ——— B” -

Fig. 4. The control panel is secured to the base board as shown
here. Also illustrated are the mounting arrangements for the
speaker and ferrite rod
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Top. 82 x 312"

’ Stiff wire handle

»
Opening for speaker

/

Front,8Y2 x 513
~

-

|- Receiver slides®
in here

Bottom, 81/2'x 312"

Side, 5% 312"

Fig. 5. Front view of the receiver case

5% 192" plywood

75%h2"% 2"

s’ Stpegboard

Control \\ /
\

!

1l
L_—4Jo __Q Q [o

\l} ’

[~ [~ [~ [~
[~ [e] [~ [~
[e] [~ [e] [~

’ s%1l/a”
_5° “ plywood

. Panel of receiver

Base of receiver

Fig. 6. The back of the case

care being taken not to damage the
ferrite rod.

The back consists of two pieces
of plywood measuring 5in. x 14in.
and 5in. x 1}in. respectively, screwed
into position as shown in Fig. 6. A
piece of {in. square wood, 7in. long
is screwed inside the top of the case
by screws passing through the two
5in, strips just mentioned. The
square section wood serves as a sup-
port for the top of a piece of peg
board which is cut to fit the open
space left at the back. The bottom
of the peg board is screwed to the
baseboard of the receiver when this
has been pushed into place. In order
to replace the battery it is ngcessary
to remove the handle and the peg
board and then slide the receiver
partly out of the case.

Do not attempt to save trouble
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by substituting a solid plywood back
for the case. This was done in the
first instance with the prototype, but
it was found that selectivity was
such that it was necessary for most
of the back to be of non-resonating
material with air holes. Microphonic
howling, which had been present
with loud signals, disappeared com-
pletely when the change to the peg
board was made, and quality was
improved.

The front of the control panel
should be covered with white card
and calibrated for wavelength (an
casy task with the very large num-
ber of stations receivable after dark)
and marked as to the functions of
the controls. A piece of Perspex,
suitable drilled, and with the pointer
moving behind it, gives a very neat
finish if used as a final outer cover-

&
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ing for the control panel. Adhesive
plastic may be used to cover the
case (but not the peg board back!)
and a piece of speaker gauze may
be slipped in front of the. speaker.

COMPONENTS

Finally, a word about components.
TRI1 and TR2 must be as specified.
There may be others which would
work as well, but their use might
need many changes in component
values. TR3 may be a different type,
but this would probably result in a
loss of amplification. (The author
obtained all three transistors from
Amatronix, Ltd.) If a more com-
monly used type of diode such as
an OAS8I is employed instead of the
OA73, there will be a marked drop
in sensitivity. T1 may be any output
transformer with a ratio from about
15:1 to 20:1 and capable of passing
10mA without saturation. An LT700
could be used, but the TTS5 gives a
little more bass. ’

The author cannot recommend
modifications to this particular cir-
cuit to enable frequencies higher
than about 1.6Mc/s to be received
satisfactorily, but he would be most
interested to hear from any reader
who is able to report success along
these lines.

|

SPLICER FOR
CASSETTE } inch
TAPE

Bib Division of Multicore Solders
Ltd. announce the introduction of
the Bib Model 24, Cassette Tape
(3in.) Splicing and Editing Kit.

Contained in a plastic wallet,
attractively packed for peg board
display, is a Bib Splicer with %in.
width recessed block and fitted
with chromium plated clamps for
holding the tape while making
diagonal or butt splices. Other
accessories include: Plastic handle
razor cutter, tape marker which
may also be used for manually
rotating the cassette hubs, reel of
splicing tape on dispenser, device

for withdrawing tape from the .

cassette and a
instruction leaflet.

This kit is believed to be the
first to be marketed for §in. Tape,
and has a recommended retail
price of 29s. 0d.

The kit has been specifically de-
signed for use in joining tape from
C.60, C.S0 or C.120 cassettes when
it is required to cut out damaged
tape and editing recordings, par-
ticularly when they have been made
to synchronise with cine films or
slides. It also enables music from
pre-recorded cassettes to be joined
so that the playing time of a single
cassette is extended.

THE RADIO CONSTRUCTOR
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SIMPLE

LOW-COST

R-C BRIDGE

by

P. L. MATTHEWS

Simple circuitry and economy in components are combined in this design, which
measures resistance from 10 to 1MQ and capacitance from 330pF to 10n.F

NE OF THE MOST IMPORTANT INSTRUMENTS IN THE
home constructor’s workshop is a reasonably
accurate resistance and capacitance measuring

bridge, and the design to be described aims at fulfilling
this requirement at a considerably lower cost than is in-
curred with commercial units. The circuit employs
only one transistor and about a dozen other com-
ponents to provide a useful coverage of capacitance
and resistance. As may be seen from the Table,
capacitance readings are from approximately 330pF
to 10uF in two ranges, and resistance readings are
from 1Q to IMQ in five ranges. ’

CIRCUIT OPERATION

In order to obviate the expense of a null-reading
meter or indicator tube it was decided to energise
the bridge on both resistance and capacitance ranges
by an audio oscillator, as is shown in Fig. 1. A crystal
earpiece is then employed for null detection.

+9V
)

oA AAA,

SKT) Unknown
VR Z Earpiece

linear

Ro

ALt
v

8CIo7
L ead-outs

Fig. 1. The circuit of the resistance and
capacitance bridge
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Resistors

(R2 to R6 and VR1—see text) C
R1 220kQ 1 watt 109, 0
R2 200 M
R3 200Q P
R4 2kQ
RS  20kQ (o)
R6  200kQ N
VR1 1kQ wirewound, linear E
Capacitors N
C2, C3 (see text) T
Cl1 0.221F, paper or plastic foil S
C2 0.005uF
C3 05uF
Transformer

T1 Radiospares transformer type T/T2
(Home Radio Cat. No. TR60)

Semiconductors
TR1 BC107
D1 0OA91

Switches
S1 1-pole 12-way, miniature rotary
S2 s.p.s.t., toggle or slide
Socket
SKTI1 3.5mm plastic jack socket (Home
Radio Cat. No. JH24 or JH25)

Battery
9-volt battery type PP7

Miscellaneous

Crystal earpiece with 3.5mm jack plug

6-way groupboard (Home Radio Cat. No.
BTS13)

Battery connectors

Aluminium chassis, 6 x 4 x 2in.

Pointer knob

Self-adhesive plastic sheet (see text) I

2 insulated terminals

Paxolin backing sheet for groupboard

0 .
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TABLE
Resistance and Capacitance Ranges

Resistance ranges are given to extreme ends, but
accuracy increases for resistance readings near the
centre of a range. On Range 6 the product of dial
reading and capacitance equals 0.1uF, and on Range
7 the product of dial reading and capacitance equals
10uF.

S. Position Range
1 12 -330Q
2 10Q - 3.3kQ
3 10092 - 33k
4 1kQ - 330kQ
5 10kQ - 1IMQ
6 330pF — 0.1uF
7 0.03uF — 10uF

The oscillator is a series-fed Hartley type, with
TR1 as the oscillator transistor. T1 is a Radiospares
transistor output tranformer type T/T2, originally in-
tended for feeding a 3Q speaker from two OC72 out-
put transistors. In the present arrangement the centre-
tapped primary appears in the oscillator circuit (ter-
minals “a”, “b” and “c”) whilst the secondary (ter-
minals “d” and “e”) couples to the bridge. The
oscillator circuit is economical of components al-
though there is a slight frequency shift when the
transformer secondary is loaded. The frequency of
oscillation is about 1 kHz, but this can be reduced,
if desired, by connecting a capacitor whose value is
found experimentally across the primary between
points “a” and “c”. The function of diode D1, which
must not be omitted, is to reduce the magnitude of
negative pulses appearing on the base of TR1. DI
would not be necessary but for the excessive feedback

It

VR

d

Battery +
Y By

Fig. 2. The oscillator section is wired on a
6-way groupboard
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in the circuit due to the centre-tapping of the tuning
inductance.

From the secondary of TI1, the audio signal is
applied to the arms of the bridge, this consisting of
VRI1 and the standard and “unknown” components.
The standard components are C2 and C3, and R2 to
R6 inclusive. The potentiometer is directly calibrated
on the front panel and it has been found possible to
measure three decades without altering the standard.
However, in order to provide a more accurate deter-
mination, the resistance standards are changed every
decade and the capacitance standards every two
decades, making seven ranges in all. The values of
the standard resistors were dictated by the author’s
requirement of accurate measurement down to 1Q
and an indication to 0.5Q, and this was found con-
venient when a value of 20Q was employed for R2.
Remaining resistance standards then go up in decades
to 200k€2, the upper limit of measurement being set
at 1IMQ by the difficuity of obtaining a proper
balance due to stray capacitances. The capacitance
ranges were not required to be as accurate or as com-
prehensive as those for resistance, and it is possible
to extend the coverage in both directions provided
due care is taken to minimise “strays” on the lower
ranges. Unfortunately, the capacitance readings in-
crease in the opposite direction to resistance readings,
but the use of suitable standards enables the values
to be calculated from a simple formula.

For the 0.005u.F standard,

(dial reading) x (value of capacitance) = 0.1uF
and for the 0.5,F standard,
(dial reading) x (value of capacitance) = 10uF

Readers not wishing to carry out the requisite cal-
culations when taking readings can, of course, add a
capacitance scale to the potentiometer dial, this being
graduated from the resistance values on the resistance
scale.

It should be noted that the values of electrolytic
capacitors cannot be measured with this bridge.

COMPONENTS

The standard resistors R2 to R6 should have a
tolerance of 2% or better. Suitable resistors, in } watt
or } watt, are available with 19 tolerance from
Home Radio (Components) Ltd. The same supplier
also stocks 0.005uF and 0.5uF capacitors in 19,
tolerance for C2 and C3 respectively. If a high degree
of accuracy for either resistance or capacitance is not
required, the associated standard components could
have a tolerance of 5%,.

The potentiometer used for VR should be a good
quality wirewound component. The writer employed
a Radiospares “Semi-Precision” wirewound control,
but this unfortunately is not listed in the catalogues
of the large mail order houses, although any radio
dealer should be able to order it for the reader.
(Radiospares components may only be obtained
through retailers). Fig. 4 gives a dial calibration
which applies to the Radiospares component, and
which will be equally applicable to any other linear
wirewound component provided that the overall
angle of useful rotation is the same. In practice, this
requirement should be met by most conventional
potentiometers. VR is specified in the Components
List as 1k, but this value is not at all critical, and
values between 25Q and 25kQ have been used with
equal success. This last point could be of particular
assistance to constructors who already have an assort-
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Fig. 3. The components are mounted inside an aluminium chassis, the upper surface of which
(away from the reader here) forms the front panel of the instrument

ment of wirewound potentiometers on hand.

The bridge is assembled on an aluminium chassis
measuring 6in. by 4in. by 2in. deep. Chassis of this
size are available from Home Radio (Components)
Ltd.

A miniature plastic jack socket is employed for
SKTI!, whilst two insulated terminals are used for
the “unknown’” component connections.

S1 is a single pole 12-way miniature rotary switch.
Five of its positions are unused.

As a final point it should be noted that the case
of the transistor specified is common to its collector.
The transistor case should not, in consequence, touch
any other connections.

CONSTRUCTION

The construction of the bridge is simplified by
mounting the oscillator section on a small 6-way
groupboard. It was found convenient to solder the
mounting lugs of transformer T1, which are intended
for insertion into a printed circuit board, to two
flattened tags of the groupboard, as shown in Fig. 2.
After the transformer leads have been connected, the
remaining four components can be soldered in posi-
tion, the transistor being fitted last. The oscillator
may now be checked by wiring a 9 volt battery to
the correct tags and connecting the crystal earpiece
across the secondary of the transformer, whereupon
a loud whistle should be heard.

DECEMBER 1969

If all is well, the main chassis can next be prepared.
As already mentioned, this is a 6 by 4 by 2in. deep
aluminium chassis, and it should first be drilled as
shown in Fig. 3. Six holes are required for the con-
trols, socket and terminals, and probably two or
more for mounting the battery. In the prototype,
battery mounting was accomplished by bolting a
simplé L-shaped piece of aluminium through slots in
the chassis, this being arranged to hold the PP7
battery against the chassis wall.

Once the chassis has been drilled it should be
covered, inside and out, with self-adhesive sheeting,
such as “Contact” or “Fablon”, to provide electrical
insulation and improve the appearance. A soldering
iron will be found helpful in trimming the edges of
holes through the plastic, but it must be cleaned care-
fully afterwards.

The next stage is to fit the battery, controls, socket
and terminals. It is important to ensure that the
sockets and terminals are insulated from the chassis.
The component board should be glued to a piece of
Paxolin or similar to act as “backing” before being
glued to the chassis as, otherwise, the plastic under-
neath the metal tags would melt when soldering tc
the tags.

After all the assembly has been completed, the
bridge should be wired up. Note that no direct con-
nection is made to the chassis. At this stage only the
2kQ resistance standard (R4) should be fitted. The
remaining resistance standards are wired in later.
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30 25 2O|BI6|5

Fig. 4. The scale calibration obtained with
the prototype

CALIBRATION

The bridge can now be switched on and tested, two
of the remaining standards being employed for deter-
mining the position of the dial scale.

The scale obtained with the prototype is shown in
Fig. 4, and this may be cut out and affixed to the
instrument panel, if desired. For the reasons already
discussed, the scale will be accurate if the same type
of potentiometer as was used in the prototype is
employed. The scale should be reasonably accurate
with most other potentiometers. First, select Range
3, connect the 200Q standard resistor to the “un-
known” terminals and balance the bridge. This re-
sistor corresponds to “2” on the scale. Repeat with
the 20kQ resistor, which corresponds to “200” on the
scale. These two settings enable the correct orienta-
tion of the scale to be found, whereupon it may be
permanently affixed in position. If, due to the use
of a different potentiometer, the angle of rotation
between the “2” and “20” positions is considerably
different from that given on the scale it will be neces-
sary to calibrate a new scale from known values of
resistance. However, the scale illustrated in Fig. 4
should be satisfactory for most potentiometers.

The remaining standards, R2, R3, R5 and R6 may
now be wired in, whereupon the bridge is ready for
use. A sharp null will be obtained on Ranges | and
2, this becoming progressively less distinct on the
higher resistance ranges. As a final test, the accuracy
of the bridge can be checked against any resistors
and capacitors which are available. B

BETTER ELECTRON MICROSCOPES

Electron microscopes which will work at no less
than one million volts, ten times a common voltage in
use today: this is a development pioneered by
Britain’s National Physical Laboratory, and is being
put into practical form by GEC-AEI Reporting in a
BBC broadcast, Richard Oliver said the electron
microscope is the most powerful tool we have for
looking at the microstructure of crystalline materials
— metals, for instance. With modern machines
scientists can get an idea of the way the individual
atoms are linked together. These minute bonds
govern the fundamental properties of everything, and
knowledge of them is a step towards production of
new materials which are stronger and lighter than
those we have now.

The voltage of an electron microscope governs the
thickness of specimens one can lock at. By moving
to one million volts, the scientists expect to see
through specimens six times the thickness they can
handle at present.
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JANUARY ISSUE

HIGH SELECTIVITY
T.R.F. RECEIVER

An efficient 2-valve design — 6BR7, ECL82 —
in which particular care has been taken to en-
sure efficient regeneration over the entire fre-

quency coverage (150kHz to 36MHz). Full
details of tests carried out giving direct com-
parison between its performance and that of a
superhet receiver.

VERSATILE A.C.
MILLIVOLTMETER

Intended for the more experienced con-
structor, this article describes a versatile and
inexpensive design which incorporates many
attractive features. These include low battery
consumption and the ability to operate with any
moving-coil meter having an f.s.d. within the
limits 500xA to 5mA. Measuring ranges depend
on the existing scale marking on the meter and
may be typically, 5mV to 500V. The frequency
response within 5% error extends from 20Hz to

30kHz.
CLASS-A
BATTERY AMPLIFIER

Incorporating a field effect transistor, this
design may be either constructed in the form
of an a.f. amplifier, or as an amplifier combined
with a single transistor medium wave tuning
head. In the latter instance, some of the com-
ponents perform dual functions at a.f. and r.f.

PLUS

@® OTHER CONSTRUCTIONAL
PROJECTS

DATA SHEET 34 :
SUPPORTING FEATURES

ON SALE 1st JANUARY
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3-VOLT NEON
TEST UNIT

by G. A. FRENCH

NE OF THE SIMPLEST ITEMS OF
Otest gear which may be em-

ployed in the amateur workshop
is a device that is often referred to
as a “neon leakage tester”. The cir-
cuit for such a tester appears in
Fig. 1, all that it requires consisting
of a source of direct voitage, a small
neon bulb and a series resistor. As
is to be expected, the neon bulb
glows when the test terminals are
short-circuited. It also glows when
very high values of resistance are
applied to the test terminals, where-
upon it becomes capable of check-
ing for leakage. The tester is partic-
ularly useful for checking non-elec-
trolytic capacitors having a working
voltage equal to or greater than that
of the neon bulb supply. If a capaci-
tor in good condition is connected
across the fest terminals the neon
bulb flashes once and then remains
extinguished. The initial flash is due
to charging current in the capacitor,
and the neon bulb then remains ex-
tinguished because the capacitor re-
tains the charge imparted to it. A
slightly leaky capacitor causes the
neon bulb to give a continual series
of flashes. The reason for this effect
is that the capacitor slowly loses its
charge after each flash, the falling

resistance is less than the normal
resistive value needed to produce
such a glow.

HIGH DIRECT VOLTAGE

The only disadvantage with the
simple circuit of Fig. 1 is that a
high supply voltage is required, this
being preferably of the order of 150
to 200 volts. The necessity of pro-
viding a voltage of this nature raises
difficulties when it is desired to
make the tester portable. The use of
batteries to provide the voltage
directly would not, of course, be a
particularly attractive proposition in
a portable unit. -

This month’s ‘Suggested Circuit’
offers an alternative solution, and it
consists basically of an oscillator
which causes a series of pulses to be
applied to a step-up transformer and
following rectifier. As a result it is
possible to obtain an off-load out-
put voltage well in excess of 200
volts from a supply battery of 3
volts only. The output power is
more than adequate for the opera-
tion of a neon tester or, indeed, for
any other high voltage circuit having

low current requirements. An in-
teresting feature of the circuit is
that the step-up transformer is an
ordinary valve speaker transformer
having its normal secondary em-
ployed as a primary. Since this
transformer is used in an applica-
tion for which it was not intended,
the efficiency of the circuit is not
as high as if a specially designed
component were employed. Never-
theless, an efficiency of nearly 50%
can be achieved, which seems
reasonable in the circumstances.
The circuit is given in Fig. 2. In
this diagram, TR1 and TR2 form
a multivibrator whose function is
to cause TR3 to pass a high collec-
tor current during the multivibrator
periods when TR2 is on. In conse-
quence a series of relatively heavy
current pulses are applied to the
winding of Tl which appears in
the collector circuit of TR3. TI
provides the step-up function, and
causes high pulse voltages to be
passed to D1, with the result that
reservoir capacitor C3 charges up to
their peak potentjal with its upper
plate positive. The voltage across
C3 then provides the d.c. voltage

voltage across its plates causing the . Neon ‘
neon bulb voltage to increase until Series bulb I

striking potential is again reached esiston oo 4

and the neon bulb once morc - o/ Source
flashes. A continual glow in the of
neon bulb indicates that the capaci- direct

tor under test has so low a leakage voltage
resistance that it is wunable to

acquire sufficient charge to extin- [ ——

guish the neon bulb. Capacitors

having very low capacitance values
do not allow sufficient charging cur-
rent to flow in the neon bulb to pro-
duce an initial flash. Nevertheless,
the neon bulb will still give a con- Fig. 1. The circuit of a neon leakage tester. The polarity of the
tinual glow if the capacitor leakage ! direct voltage is unimportant
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required for RS and NEI, the neon
tester components.

Particular attention has been paid,
in the design, to ensuring that a low
current is drawn from the battery.
Maximum current, during the mul-
tivibrator cycle, is taken when TR3
is conductive. Since the winding of
T1 in TR3 collector circuit has neg-
ligible resistance, TR3 collector cur-
rent can rise to the product of its
base current (given, when TR2 is
on, by current in R3 and R4 plus
initial charge current in C2 after the
multivibrator changeover) and its
gain. The time constants in the
multivibrator circuit are calculated
such that TR! is on for about 0.0035
second in each cycle whilst TR2 is
on for about 0.0002 second only.
Thus, both TR2 and TR3 are con-
ductive for approximately one-
seventeenth part of each multivibra-
tor cycle, and the average overall
current is reduced accordingly. With
the prototype, the current drawn
from the 3 volt battery was 30mA
and, working from the reasoning
just given, this figure would indicate
a collector current of about 510mA
in TR3. Such a figure seems
reasonable when the hee spread (80
to 250) for an ACY!9 is considered,
and the calculations take no account
of component tolerances.
event, the current drawn from the
battery can, in the practical circuit,
be varied over quite wide limits by
adjusting the value of R3, and
thereby altering the ratio between
the two periods in the multivibrator
cycle. The electrolytic capacitor
across the supply lines, C4, pro-

In any .

vides a low impedance for the pulse
currents in the Tl winding in TR3
collector circuit, and also ensures
that the overall current drawn from
the battery is kept to an average
value.

THE TRANSFORMER

As already stated, transformer T1
is a valve speaker transformer with
its normal secondary connected in
TR3 collector circuit. The trans-
former employed by the author was
an Elstone type MO/T (Home Radio
Cat. No. TO12) this being a com-
ponent of small physical size having
a tapped primary which offers, in
its normal application, ratios of
90:1, 55:1 and 33:1. When used in
the present arrangement as a 1:90
step-up transformer, the off-load
voltage across C3 was 400; whilst
the 1:55 and 1:33 ratios gave off-
load voltages of 240 and 130 respec-
tively. The 400 volt output offered
by the 1:90 ratio was too high for
the present application and all
further work was carried out with
the 1:55 ratio. Judging from these
results, output voltages suitable for
a neon tester would be given by any
valve speaker transformer having
a ratio, in its normal application,
between some 45:1 and 60:1. Due
to the pulse drive to the transformer
a s]iggtly higher rectified output
voltage is given when the winding
in the TR3 collector circuit is con-
nected one way round rather than
the other.

Rectifier D1 can be any silicon
rectifier having a p.i.wv. of 1,

Sy
Op-Off
—
Dy
J ) Y
2R 2R Ry R4§: Bree
J22ka FI00ka  I0kaT 223 Test
:‘ ka c; l terminals
o
1
-ID<-l C4 min B ﬁ
C Ca Rs 1005 -
I Co - 3V -
O-2uF 100kn WF . +
TR, 00025 OS5F TR, ERE 3vwkg
ACYlo MF ACY19 >
TR3 NE|
ACYI9

)
(4
ACYI9
Lead-cuts

T{,NE| - see text

Fig. 2. A portable neon leakage tester. The necessary high

voltage is provided by step-up transformer T1, this being a

standard valve output transformer with its normal secondary in
TR3 collector circuit
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volts or more. The writer employed
a BY100 which happened to be on
hand, but any similar rectifier could
be used instead. There is no advant-
age in employing a high value reser-
voir capacitor in the C3 position,
and the 0.2:F component specified
is quite adequate. A high value
reservoir capacitor can, indeed, in-
troduce a disadvantage, since it may
take an appreciable time to charge
up to full voltage after the unit has
been switched on.

The neon bulb can be either a
Hivac 16L or 34L (obtainable from
Henry’s Radio) or the Home Radio
Cat. No. PL32A. It is a small wire-
ended component which strikes at
around 65 volts. There is a mar-
ginal advantage in coupling the neon
bulb to the positive supply line
from the battery, as shown, rather
than to the positive rectified volt-
age from DI, since there is then
less demand on the insulation resist-
ance between the bulb with its series
resistor RS, and the majority of the
other components and wiring in the
circuit. As a rcsult, the upper test
terminal carries a positive potential
of some 200 volts with respect to
either of the battery supply lines.
The whole unit must, therefore, be
assembled in an insulated case with
no external metalwork connected to
either of the battery supply lines.
The insulation between the test ter-
minals themselves must be of a high
order.

When, in the prototype, the test
terminals were short-circuited, the
voltage across C3 dropped to 105
volts, with 65 volts appearing across
the illuminated neon bulb. Under
these conditions, the total output is
105 volts at 0.4mA, representing a
power of 42mW. Since the input is
3 volts at 30mA (reprcsenting a
power of 90mW) the corresponding
efficiency is a little lower than 507%.

COMPONENTS AND
CONSTRUCTION

Some of the components have
already been discussed, but a few
further words are needed with re-

spect to those not yet dealt with.-

All the five resistors can bc %

watt 10% types. C3 should have
a working voltage of 250 or more.
Cl and C2 can be low working
voltage capacitors, but must not be
ceramic types of the high-K or low
leakage resistance variety. Construc-
tors unable to identify these last two
types are advised to choose a paper
or plastic foil capacitor for C2, and
either a silvered mica or a paper
or plastic foil capacitor for C1. C4
can, of course, have a working volt-
tage higher than the 3 volt figure
shown in Fig. 2.

The author used ACY19’s for
both TR1 and TR2, but it is prob-
able that many other germanium
p.n.p. typcs could be employed in-
stead. TR3 needs to be a high-gain
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transistor with a maximum collector
current rating in excess of 1 amp,
and this requirement is met by the
ACY19 specified.

Any 3 volt battery can be em-
ployed for Bl. A long life can be
expected from a battery of the twin-
cell cycle lamp type. Supply voltages
higher than 3 volts must not, inci-
dentally, be applied to the circuit.

The wunit should be initially
assembled and wired up with no
connection made betwecen TR3 col-
lector and T1. This is because TR3
can pass a heavy standing current
if, for any reason, the multivibrator
is not-running. Multivibrator opera-
tion can then be checked by tem-
porarily connecting a magnetic car-
phone betwecen the collector of TR3
and the negative battery supply lige.
If the multivibrator is running, a
strong audio tone will be heard in
the earphone. Because of the values
chosen for Cl and R2 it may be
found that some transistors, other
than the ACY19, may not operate
in the TR position.

When the multivibrator is run-
ning properly the earphone may be
removed and the collector of TR3
connected to TI1, as shown in the
diagram. With the prototype it was
found that the multivibrator tone
then became faintly audible from
the laminations of the transformer
itself. Using a high resistance volt-
meter, preferably 10,0002 per volt
or better, next check the voltage
across C3. This should be of the
order of 200 volts, the actual figure
given varying according to the ratio
of the transformer employed for T1.
Try reversing the connections to the
winding of T1 which is in TR3 col-
lector circuit. A slightly higher out-
put voltage will be given with this
winding connected one way round,
and the mcthod of connection re-
sulting in the higher voltage should
be determined and wired in per-
manently.

Next, insert a current reading
meter between the battery and C4.
If this gives a rcading of some 25
to 30mA, no further adjustments are
required. Higher or lower rcadings
may be catered for by varying the
value of R3 and, in consequence,
the ratio between the periods when
TR3 is conducting and when it is
not. Increasing R3 reduces battery
current and vice versa. The circuit
should always be switched off when
changing the value of R3 if this
operation necessitates stopping the
multivibrator.

RESULTS WITH THE
PROTOTYPE

As a high direct voltage generat-
ing device, the prototype unit gave
the results which have already been
described. Reliable operation was
still given when the battery voltage
dropped to 2 volts, although the
output voltage naturally reduced
accordingly.
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The usefulness of the unit as a
leakage and capacitor tester was
next evaluated. The neon bulb gave
a visible glow for leakage resistance
across the test terminals of greater
than 25M£. When capacitors were
applied to the test terminals, those
with acceptable leakage resistance
caused an initial flash with no fur-

ther illumination in the neon bulb.
Faulty capacitors either caused a
continuing series of flashes or a con-
tinual glow. It was found that the
neon bulb was sufficiently sensitive
to give a visible initial flash for
capacitors as low in value as 300pF.

EXPANSION OF COLOUR TV FACILITIES

New British electronic equipment developed by the BBC, the Ad-
vanced Field-Store Television Standards Converter, should give an
international boost to colour TV reception. It was announced recently
that the BBC has agreed that Rank Precision Industries Ltd. in its
British factories can manufacture the BBC converter under licence and
market it abroad. This will mean that high quality colour transmissions
from America can be available to television audiences throughout the
world.

It was during the Mexico Olympics that the BBC used this equip-
ment for the first time, for a total of 170 hours of transmission via
satellite relay across the Atlantic. The high quality pictures were seen in
nine other European countries in colour, and nineteen more in black-
and-white. Audiences were estimated at 200 million for black-and-white
and one million for colour.

At the moment there is only one of these units in existence, at the
BBC Television Centre in London. Under the agreement, Rand Preci-
sion Industries will now make other units at its British factories in
Welwyn Garden City and Leicester, and eventually at Ware, and these
will be marketed abroad. A Rank spokesman has estimated that the
costs of each converter will run into six figures, and there is a potential
market for about a hundred.

“TESTING, TESTING, [/, II, lil, IV, V".
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NEWS . . .

AND .

DRY WICK METHOD OF DESOLDERING

5 i

This illustration shows “Soder Wick”, a dry method of desoldering

electronic joints and electrical connections, being used, with the aid

of a standard soldering iron, to desolder a joint on a printed circuit
board

Southern Watch and Clock Supplies Ltd., 48/56 High Street, Orping-
ton, Kent, have been appointed U.K. Selling Agents for “Soder Wick”,
a dry wick method of effectively desoldering electronic joints and elec-
trical connections in just one second.

As can be seen in the illustration, “Soder Wick” is supplied in reel
form and is used by direct contact with the joint or connection together
with a perfectly standard soldering iron for heating purposes.

The two main advantages to be gained in the use of “Soder Wick”
are, firstly, that no flux is required thus, flux contamination is entirely
eliminated and the circuit board or connections are left entirely clean
and ready for resoldering.

The second advantage is that because the operation takes only one
second there is little heat build-up since “Soder Wick™ draws the solder
into itself quickly and without the need for excessive heat.

It can be used for all sizes of electronic joints and electrical connec-
tions from integrated circuits and printed circuit boards to telephones
or any other normal electrical appliance.

The desoldered joint is left solder free, pure and non-corrosive,
leaving even plated through holes clean.

“Soder Wick” is supplied complete in a transparent plastic dispenser
with a colour-coded label and a table is available giving pad sizes,
widths, strands, colour codes and reference number for the various
reels available.

The diameter of the dispenser is 1in. and there is approximately
60in. of dry wick in each dispenser.

Prices range from 18/- to 20/- per reel, according to pad size and
width,

For those who would like to try one reel for evaluation purposes a
special offer, which is open until the end of this month, is being made
of 16/- for the one reel, no matter what pad size and width is required.
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QUOTE

“Now is the time to bring all the
colours of the spectrum into our
homes. Nobody pretends that colour
sets are cheap, and here the Govern-
ment who wisely decided that we
should go into colour could be of
great help to us all. I mean by re-
ducing the amount of deposit that
the viewer has to pay on a colour
set. It would be a great pity if the
huge capital sums spent by the
broudcasters on instruction from the
Government were to be sterilised by
cconomic restrictions imposed upon
the consumer.”

From a speech by Lord Aylestone,
Chairman of the [.T.A., opening the
Colour Television Service Show at
Leicester.

NEW CRANK KNOB

Radiatron Limited announce the
introduction of a new knob to their
range of Elma collet fixing instru-
ment knobs. The new knob is a
crank type which is particularly suit-
able for heavy duty operation for
applications where multi-turn com-
ponents are used. e.g. 10 turn poten-
tiometers.

The knob has a 36mm. base dia-
meter and is available for spindle
sizes of %in. or 6, 8 and 10mm. A
small knob acts as the ‘handle’ and
is fixed to a freely rotating shaft
through the main knob allowing
simple and rapid rotation of the
complete assembly. The knobs are
available with colour coded caps.

ond B v
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COMMENT

BRITISH-MADE 1060 WATT PROFESSIONAL AMPLIFIER

Adastra Electronics Lid. have just [
relcased the “Centurion” 100 wait
Amplifier which has a suggested list
price of £99 and fecatures a hand
assembled 25 transistor 6 diode prin-
ted circuit construction. The four
individually gain controlled inputs
have a sensitivity range from 1mV
to 20V.

A unique feature of the “Cen-
turion” is that its generously rated
design allows its output (100 watts
at 4Q; 140 watts peak) to be open
or short circuited without ill effect.
Presentation is in a black leather-
cloth cabinet with carrying handles
and matching silver/black control
scale.

MAGNETIC BUBBLES FOR DATA
PROCESSING

Magnetic “bubbles’’—tiny, movable magnetic dots,
each smaller than the diameter of a human hair—may
one day perform much of the work of a computer
within a piece of material the size of a shilling.

The bubbles can be moved around in precise
patterns so that they can represent coded information,
do computations or switch signals—all on a small chip
of solid material.

This technology now being developed at Bell Tele-
phone Laboratories may have an important impact on
digital data processing whether in computers or in
telephone switching.

The bubbles are tiny magnetised regions in certain
iron oxide materials. When a pattern of magnetic fields
is generated in the material, the bubbles can be made
to race around at high speeds in patterns conforming
to the magnetic field.

L.F. AMATEUR BANDS LISTENERS’
CONTEST — 1970

The above event is being organised by the Inter-
national Short Wave League.

The contest will be held in two parts, viz. CW only
and phone only, and entrants may take part in either
or both sections. The CW only section starts at 1900
hours on Saturday, 3rd_January 1970, and ends at
1100 hours on Sunday, 4th January 1970. The phone
only section (AM and SSB) starts at 1900 hours on
Saturday, 10th January 1970, and ends at 1100 hours
on Sunday, 11th January 1970. The times given refer
to local time at the contestant’s QTH.

The contest is only open to League members,
details may be obtained from the Contests Manager,
Clifford A. Tooke, 6 Chelmer Avenue, Rayleigh,
Essex. Entries must arrive not later than 13th Feb-
ruary, 1970 for both sections.

DECEMBER 1969

R.T.R.A. 1970 LONDON EXHIBITION

The Radio and Television Retailers Association is
to hold a trade show in conjunction with its annual
conference next year. The conference is to be held
at the Grosvenor House Hotel from 31st March to
2nd April. Previous conferences have been held in
the provinces.
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SUB-STANDARD
UNIT

by
FRANK A. BALDWIN

This article is the sixth in a series of constructional projects in which each
item is built in an Eddystone diecast aluminium alloy box. Previous articles
in this series were “Aerial Tuner Unit for the SWL"”, published in the August
1968 issue; ‘“‘Q-Multiplier and Audio Filter Unit”, September 1968; ‘“3-Band
Self-Powered Preselector’”, December 1968"; “100/10Kc/s Frequency Sub-
Standard Unit’, March 1969 and “Short Wave Aerial and Changeover
System”, April 1969. These matching units comprise a series of ancillary
equipment for use with a communications receiver. The unit presented here
provides frequency marker points at every 1MHz throughout the range of 1
to 32MHz. An additional feature is the inclusion of a stabiliser tube, this
providing a high level of stability of operation. The power supply is built in,

IMHz. FREQUENCY

and the unit is designed to have adequate ventilation

HE SERIOUS SHORT WAVE LISTENER, HAVING

acquired a communications receiver, will soon

find that an accurate and stable frequency sub-
standard unit is a most usefu! item of equipment for
ensuring that accurate band-edge tuning settings are
made. When setting up the receiver on a spot fre-
quency, particularly on the higher frequency bands
from 10 to 30 MHz, it will be found difficult to
resolve the 100kHz points obtained from a frequency
sub-standard operating with this fundamental fre-
quency. It is extremely useful therefore to have at
hand a crystal oscillator with a fundamental fre-
quency of 1MHz. Resolving the 1MHz points be-
tween 10 to 30MHz then becomes a comparatively
simple task.

Ideally, the short wave listener should equip him-
self with both a IMHz crystal oscillator and a 100kHz
unit, the latter additionally having a locked 10kHz
multivibrator. In this manner, the receiver can be set
to any spot frequency with the aid of a series of
graphs and the use of these two ancillary units.
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The 1MHz oscillator enables the receiver bandset
dial to be accurately calibrated throughout the range
of the receiver. When using the unit on, say, the
1SMHz Broadcast band, the IMHz oscillator is
brought into use, its 14th harmonic being employed
for band edge setting purposes. The bandspread dial
is then calibrated against a 100kHz oscillator unit.
During the calibrating process a graph may be pre-
pared setting out the 100kHz points against band-
spread dial readings.

CIRCUIT

The circuit is given in Fig. 1 and is similar to that
used in the 100/10kHz unit previously described in
these pages. Of the many crystal circuits tried out
by the writer in the past the Colpitts configuration
shown here has always proved to be a reliable and
sure-fire design, causing even the most sluggish of
crystals to oscillate satisfactorily. The | MHz oscillator
stage uses an EF183 r.f. pentode, the feedback being

THE RADIO CONSTRUCTOR
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Fig. 1. The circuit of the 1MHz Frequency Sub-Standard Unit.
V1 is the oscillator and V2 the voltage stabiliser

COMPONENTS
Resistors

(+ watt 5% unless otherwise stated)
R1  220kQ
R2  47kQ
R3  100kQ
R4 5.6kQ 3 watt
R5 4.7kQ 2 watt

Valves
Vi EF183
V2 OA2

Chassis
L-shaped, 64 x 2} x 14in.
(H. L. Smith & Co. Ltd)

Cabinet
Eddystone Die-cast Box, type 6357P
(Home Radio Ltd., Cat. No. ES03)

Tagstrips
1 off 3-way end tag earthed
1 off 5-way centre tag earthed

Rubber Mounting Feet
Grey (4 off) (H. L. Smith & Co. Ltd.)

Panel Lamp Assembly
6.5V 0.15A, type LES (red)
H. L. Smith & Co. Ltd.)

Knob
Spun Aluminium (H. L. Smith & Co. Ltd.)

Capacitors
Cl1  200pF silver-mica
C2 140pF trimmer
C3  200pF silver-mica
C4 100pF silver-mica
C5  0.1uF paper or plastic foil
C6 16uF, electrolytic, 350V wkg,
wire-ended
C7  8uF, electrolytic, 350V wkg, wire-ended

Switches
Sl 2-pole, 2-way, miniature rotary
S2  s.p.s.t. toggle

Rectifier
D1 BYI100

Mains Transformer
250V 60mA, 6.3V 1.5A, type 6BR10
(H. L. Smith & Co. Ltd.)

Crystal
1MHz, complete with holder
(Henry's Radio Ltd.)

Valveholders
1 B9A valveholder (with centre spigot)
1 B7G valveholder

Miscellaneous
Coaxial cable
3-core mains lead
Panel-Sign Transfers, Set No. 3
Connecting wire and sleeving
4BA and 6BA nuts and bolts
4BA and 6BA solder tags

DECEMBER 1969
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Above-chassis view of the 1MHz crystal oscillator, V2 is at left and V1 at right. The position
of the crystal is clearly shown

obtained from the screen-grid to the control grid via
the 1MHz crystal. The choice of valve ensures that
very strong harmonics of the fundamental frequency
are obtained up to, and including, 32MHz. The
crystal frequency can be varied within small limits
by means of preset capacitor C2.

With switch Sl(a) in position 1, the oscillator is
allowed to function. With the switch in position 2
the control grid of V1 is connected direct to chassis
and the stage is rendered inoperative. The relatively
high values of both R2 and R3 prevent excessive
dissipation under this latter condition.

In position 1, switch S1(b) connects the anode of
the oscillator valve, via C4, to the unit output lead,
this consisting of a short length of coaxial cable. At
the receiver end, the coaxial cable has its inner con-
ductor bared for some 3in., this length being covered
with Systoflex sleeving and wrapped around the aerial
input lead or terminal to provide a capacitive coup-
ling. The outer braiding of the cable is connected to
the receiver earth terminal.

Note that pins 1, 3, 6 and 9 of the oscillator valve
are connected direct to chassis. The valveholder metal
centre spigot is also connected direct to chassis.

In a unit of this nature, it is imperative that
stability of operation be achieved and, to this end,
an OA2 stabiliser tube has been incorporated. This
tube, together with the voltage dropping resistor R4,
ensures that a constant and stable h.t. voltage is
applied to the oscillator circuit. Also in order to gain
stability of operation, and as may be noted from the
illustration of the below-chassis components, all
wiring associated with the oscillator stage is kept as
short and direct as possible.

The smoothing components C6, R5 and C7 provide
a ripple-free h.t. supply after the BY100 silicon recti-
fier. The small mains transformer specified for Tl
must be used (see Components List) as alternative
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transformers may not have dimensions suitable for
the diecast box. The transformer specified is fully
shrouded and has secondary windings rated 250V at
60mA and 6.3V at 1.5A. The colours shown around
T1 in Fig. 1 are those of the lead-out wires.

A panel mounted lamp assembly (PL1) provides
an indication of whether the unit is switched on or
off.

The a.c. mains input wiring should be connected
as shown in Fig. 4, a 3-way tagstrip being used below
the chassis to take the wires from a 3-core cable. The
mains plug should be a 3-way type having a 1.5A
fuse fitted internally.

Switch S2 is a single-pole, single-throw panel moun-
ted toggle type, and it functions as the on/off control.

CONSTRUCTION

The chassis used in the construction of this unit is
L-shaped with a front apron only and is shown, com-
plete with drilling details, in Fig. 2(a).

The mains transformer itself should be used as a
template, its four fixing holes being marked with a
centre-punch and drilled to take 4BA bolts. Two 4in.
holes will also be required to allow the transformer
leads to pass to the underside of the chassis. These
two holes must be fitted with suitably sized rubber
or p.v.c. grommets. The transformer is mounted on
the chassis deck such that the two black mains input
Jeads are nearest the adjacent edge of the chassis.
Chassis solder tags are fitted under the two mounting
nuts nearer the front apron. A 3-way tagstrip (see
Fig. 4) is secured under the rear mounting nut near
the chassis edge, the two non-earthy tags being for-
ward of the earthed tag. A 5-way tagstrip (see Fig.
3) is secured under the other rear mounting nut.

The holes for V1 and V2 valveholders should be
cut with B9A and B7G chassis cutters respectively,
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Fig. 2(a). Plan view of the chassis deck with drilling dimensions.
The L-shaped chassis has only one apron

(b). Drilling dimensions of the chassis apron. The inverted
V-shaped cut-out provides clearance when securing the front
panel to the box

(c). Drilling details of the front panel

(d). The diecast box rear panel and dimensions of the venti-
lation holes. The outside measurements of the rear panel differ
slightly from those of the front panel
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Tags | and 5 of V3

chassis
chassis

This end nearest
Va

Fig. 3. Showing in “exploded” form the soldered
connections at the power supply section 5-way
tagstrip

V1 valveholder should be positioned such that pin 2
is nearest the front of the chassis and V2 valveholder
such that pin 1 is nearest the chassis rear. A chassis
solder tag is fitted under each of the securing nuts
for V1 valveholder. A further chassis solder tag is
fitted under the V2 valveholder securing nut which is
nearer TI.

The position of the crystal is not shown in Fig.
2(a) but the location of this component may be seen
from the above-chassis illustration. A special chassis
mounting holder is supplied with the crystal.

Fig. 2(b) shows the drilling details for the chassis
front apron, PL1 being the panel lamp assembly, S2
the mains on/off switch and Sl the oscillator on/off
control. Note that a V-shaped cut-out is required in
the chassis front apron in order to avoid fouling at
the lower central front panel fixing bolt position. The
holes in Figs. 2(a) and (b) should, of course, all be
drilled and cleaned up before any components are
finally mounted in position. ' )

Fig. 2(c) shows the lid of the diecast box, which
now becomes the front panel of the unit. The three
holes required in the panel may be easily marked out
by correctly positioning the drilled chassis apron at
the rear of the panel and marking the centre of each
hole with a pencil or centre-punch. When the panel is
drilled, the two sets of holes will then coincide.

Fig. 2(d) shows the rear of the diecast box and the
measurements for the 14 ventilation holes required,
7 at top and 7 at bottom. These ensure that a con-
stant flow of air circulates through the unit, thus con-
siderably assisting with respect to stability of opera-
tion. The mains lead and output coaxial cable pass
through the two end holes in the lower row.

Ty (red) PLy

T, primary

T, heater winding
1
(black)

(blue)

Line

~ Neutral

AC. mains lead

Fig. 4. The soldered connections at the 3-way tagstrip
286

Before construction proceeds, the panel and box
may be painted or sprayed to the constructor’s choice
of colour. The panel should be fitted to the box
during this process. If the panel and box are to be
sprayed, adhesive tape fitted temporarily over the
control and pilot lamp holes on the inside surface of
the panel will mask the interior of the box. The rear
of the box may also be sprayed if the ventilation
holes are similarly masked on the inside. Otherwise,
the rear may be painted carefully with a brush.

Once construction and testing of the unit has been
completed, four rubber mounting feet should be fitted
to the underneath of the box by means of Araldite
or other suitable adhesive. Also, Panel-sign transfers
may be applied to the front panel in the appropriate
positions, and will considerably enhance the final
appearance of the completed unit. Those shown in
the photograph of the front panel are from Panel-
Signs Set No. 3.

WIRING-UP

It is best to commence operations here by wiring
up the power supply section, and the appropriate

Co and crystal Chassis
—,
Cq
Pin 2 Vj ==
~
Output

Fig. 5. The 2-pole, 2-way rotary switch S1(a),

(b), shown with the tags pointing towards the

reader (rear view) together with the necessary
connections

connections to the 5-way tagstrip are shown in Fig. 3.
The actual layout of the various components may be
judged from the below-chassis illustration. Note that
both R4 and R35 should be positioned, once wired to
the 5-way tagstrip, so as to allow a free flow of air
around them. The BY100 silicon rectifier must be
positioned such that its metal casing cannot make
contact with any other component or tag. Ensure
that neither R4, RS, the rectifier, or any other com-
ponent or connection will make contact with the
metal casing of the box when the panel is finally
secured into position. The negative lead-outs of C6
and C7 connect to the chassis tags under the front
securing nuts of T1.

The heater winding wires of T1 (blue) should be
cut to length, the enamel covering removed by
scraping with a knife, and one wire soldered to the
earthed tag of the 3-way tagstrip, as shown in Fig. 4.
The remaining blue wire should be soldered to one
tag of PL1 and a lead taken from this point to pin 5
of V1. The other tag of PL1 should be connected
to the earthed tag of the 3-way tagstrip. Pin 4 of VI
connects to the adjacent chassis tag.

Switch S2 is wired with one tag connected to the
centre tag of the 3-way tagstrip (see Fig. 4) and its
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Below-chassis view of the unit showing the preset capacitor C2 and other major components

other tag to one of the black wires from T1. The
remaining black wire from TI1 is soldered at the
3-way tagstrip as shown in Fig. 4.

The a.c. mains input lead should now be connected
also as shown in Fig. 4.

The components not shown in Fig. 3 are all wired
around the V1 and V2 valveholders, ensuring that
the wire ends are cut exactly to length so that no
subsequent movement is possible.

One tag of preset capacitor C2 is wired to the
chassis tag at V1 valveholder which is nearer the
crystal holder, the other tag of C2 being soldered
at the crystal holder itself. This tag of the crystal
holder also connects to Si(a). The remaining tag
connects to pin 8 of VI via Cl.

It will be found that no problems exist so far as
the positioning of the remaining components is con-
cerned, the main point to observe being that all leads
are kept short.

The switch specified for S1 in the Components
List js a 2-pole 2-way type but that actually used in
the prototype was a 4-pole 2-way switch with two
poles unused, this being to hand at the time of con-
struction. Fig. 5 shows a rear view of a 2-pole 2-way
switch with the tags pointing towards the reader, to-
gether with the required connections. The braiding
of the output coaxial cable need not extend, inside
the unit, beyond the rear chassis tag at V1 valve-
holder. The centre conductor of the cable then con-
tinues, on its own, to the appropriate tag of S1.

TESTING

Once construction has been completed and the
wiring checked, testing and alignment should com-
mence. A voltage Table is given, the readings having
been obtained with a voltmeter having a resistance
of 10,000Q per volt. These readings are intended only
as a guide, and those obtained in units built up by

DECEMBER 1969

readers may vary by up to some 10% of the figures
in the Table without indicating a fault condition.

TABLE

Voltage readings with respect to chassis, SI in
position 1.

Circuit point Volts d.c.
Junction RS, C7 295
Junction RS, C6 230
V2 pins 1 & 5 150
V1 pin 7 46
V1 pin § 37

To carry out the setting-up process, switch on both
the communications receiver and the crystal unit, the
latter being out of its box for initial alignment. Sl
should be in position 2, so that the crystal oscillator
is inoperative. Allow the communications receiver to
attain its normal working temperature so that no
frequency drift is apparent. Set the receiver to the
MSF transmission on the SMHz channel and tune to
exact resonance with the receiver set to its most selec-
tive state. Switch on the b.f.0. and adjust to the centre
frequency (silent point) and then disconnect the aerial
from the receiver terminal, ensuring that the tuning
is in no way disturbed. Switch on the 1MHz oscillator
by means of S1 and adjust trimmer C2 until an exact
resonant beat is obtained. Reconnect the aerial and
make any further slight adjustments of C2 that may
be required. Once C2 has been correctly set, no
further adjustments will be required.

(Continued on page 306)
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This article ‘gives full constructional de

INCE THE ADVENT SOME YEARS AGO ON THE HOME- tinual or interrupted a.f. tone whose !
S constructor market of sensitive and inexpensive further feature is that the device turr
photoconductive cells of the ORPI12 class, a con- light. Although intended primarily for

siderable degree of interest has centred on simple . ey .
light-operated circuits employing these devices. The serious applications and can, for insi

unit described in the present article falls into this It can also be introduced, to conside
category, and it was built at the bidding of the next Chris
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Fig. 1. The complete circuit of the light-operated tone generator
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@ Cover Feature

ils of a unit which produces a con-
quency varies with light intensity. A
off automatically in the absence of
e early riser, the design has more
ice, be used as an intruder alarm.
ble advantage, at the constructor’s
as party

younger members of the writer’s family, who have
since received i1t with manifest satisfaction. The
original function of the unit was to produce either
an audible tone or a continual “bleeping” as the sun
rose in the morning, thereby providing an early morn-
ing alarm call. Two photoconductive cells are em-
ployed and the effect, as ambient light increases from

| COMPONENTS

Resistors

(All resistor 1 watt 10%)
R1 2.7kQ
R2 100k$2
R3 100kQ
R4 2.7kQ
R5 1.5kQ
R6 100kQ
R7 100k Q2
R8 2.7kQ
R9 2.2MQ
R10 22kQ

Capacitors

Cl 0.1uF paper or plastic foil
C2 0.1uF paper or plastic foil

Transformers

(Eagle)

C3 2uF electrolytic, 10V Wkg.
C4 2uF electrolytic, 10V Wkg.
C5 2uF electrolytic, 10V Wkg.

T1 Output transformer type LT700

Semiconductors
TRI1-TR5 ACY18

TR6 BC168C

D1 OA70

D2 OA70

D3 DD000

D4 DD000
Photocells

PC1 ORPI12

PC2 ORPI12
Switch

S1 3-pole 4-way, miniature rotary
Battery

B1 9-volt battery type PP6 (Ever Ready)
Speaker

3Q 4in. speaker

Miscellaneous
8 Lektrokit 5-way tagstrips, centre tag
earthed (see text)
Pointer knob
Battery connector
Case, battery clamp, speaker fabric, nuts,
screws, etc.
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a very low level, is that the unit turns itself on and
then produces a tone or ‘“bleep” whose frequency
rises as the illumination level increases. Conversely,
as illumination decreases the frequency of the tone
falls until, at a very low ambient light level, the unit
turns itself off.

In practice, the circuit has been found to be ex-
tremely sensitive. It will stay in the “turned-on” con-
dition in any part of a room illuminated by daylight
or by normal electric light. The frequency variation
with light level covers a wide range of audio fre-
quencies and enhances the attractiveness offered by
the basic light-operated switching circuit. The ability
to change from a continual tone to a “bleeping” tone
represents a further advantage, the interrupted tone
being particularly useful for wakening sleepers or
otherwise attracting attention.

The morning alarm facility is, of course, mainly
advantageous during the spring, summer and autumn

a novelty device. Both technically and non-technically
‘minded people seem to find the manner in which
frequency varies with light level, and the fact that
switchoff occurs in darkness, quite fascinating. At a
party it is a good scheme to place the device in a
room whose light is switched off and then stand
back and watch the reactions of guests as they enter
the room and switch on the light. For best results
here the unit should be placed so that anyone
approaching it casts a shadow over the photoconduc-
tive cells, thereby varying the frequency of the tone.
Another idea consists of hiding the device in a cup-
board so that it is silent until the cupboard door is
opened.

The whole circuit is powered by a 9 volt battery.
The current drawn from this battery is approximately
4mA when the unit is generating a tone or a “bleep”
and falls to some 30uzA or less then the unit is turned
on with the photoconductive cells in the dark condi-

The components inside the case. These are comfortably spread out around the inside surfaces

months, and it will be particularly appreciated by
campers and others who enjoy the open-air life. The
unit cannot be employed in this manner during the
winter months, when the sun rises after normal
waking time. However, the design has some serious
applications as well, these including its use as an
intruder alarm. If the loudspeaker is positioned, on
extension leads, away from the remainder of the cir-
cuit the device will give warning should intruders
cause lights to appear near the photoconductive cells.
Similarly, it can give advance warning of a motorist
returning to his home at night-time. Provided that
the photoconductive cells are so positioned that they
will not be illuminated by the headlamps of cars
using the main road, the returning motorist can acti-
vate them by flashing his headlamps on turning in
from the road.

Now that Christmas is approaching the unit can,
initially, be introduced to the family in the form of

290

tion. Before proceeding further, the writer must give
acknowledgments to G. A. French, since the design
described here is adapted from two of the “Suggested
Circuit” articles, one of these appearing in the
December, 1966 issue and the other, much more
recently, in the May, 1969 issue.*

CIRCUIT DETAILS

The complete circuit of the device is given in Fig.
1, and it will be most convenient to examine this by
commencing at the battery end. The battery, BI,
couples initially via Sl(c) to the network comprising
PC2, TRS, TR6, R9 and R10. These components

* G. A. French, “‘Suggested Circuit No. 193—Multivibrator With
Single Resistance Control'', The Radio Constructor, December, 1966;
“‘Suggested Circuit No. 222—Light Opecrated Radio Switch”, The
Radio Constructor, May, 1969.
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Fig.2(a). Top view of the wooden case in' which the prototype is assembled

(b). A view looking into the rear. Each of the tagstrips is identified by showing the principal
component (or components) which couples to it. The lugs of the output transformer, T1, are
soldered to the tags of its tagstrip so that the component is vertical

J

appear in a simplified version of the second *“Sug-
gested Circuit” just mentioned, the simplification
being possible because there are no supply rail bypass
electrolytic capacitors in the remainder of the design,
with the consequence that a limiting resistor is not

DECEMBER 1969

required, and because there is no necessity with the
present unit for a preset control to vary sensitivity.
PC2 and the associated components turn the remain-
der of the circuit on and off in the following manner.
When PC2 is illuminated it exhibits a low resistance,
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and causes a current from the positive supply line to
flow in the base of TR6. The current gain in the com-
bination of TR6 and TRS is approximately equal to
the product of their individual gains, and the result
is that TRS then becomes fully conductive and allows
the battery supply to be coupled to the remainder of
the circuit. When PC2 is not illuminated it exhibits
a high resistance, whereupon both TR6 and TRS
become cut off, and the only current flowing through
TRS to the other stages is leakage current, this being
typically less than 30pA. An important feature of this
light-switching circuit is that TR6 has the exception-
ally high gain of 450 to 900 times, this resulting in
TRS being held hard on even when a very small cur-
rent is passed by PC2.

We now have the situation where a supply of 9
volts (less the small voltage dropped in the conduct-
ing TRS) is applied to the remainder of the circuit
when photoconductive cell PC2 is illuminated, this
supply being cut off when PC2 is in the dark condi-
tion. We next turn to the preceding stages, and it
will be of advantage to initially examine these with
S1(b) set to position 3. As will be seen, this switch
position causes the positive supply from the battery
to be fed to the emitters of TR1 and TR2. These two

To speaker

TR2 turns off, this being given via diode D2 and
PC1. In consequence, the frequency of the multivi-
brator can be controlled by the resistance offered by
PC1. When this resistance drops, due to increased
illumination of the photoconductive cell, the multivi-
brator frequency rises. Due to its symmetry, the cir-
cuit continues to produce a 50 : 50 square wave over
the range of frequencies resulting from varying resist-
ance in PCl.

The collector of TR2 couples to a 3Q loudspeaker
by way of T1, this being an Eagle transistor output
transformer type LT700 with the primary centre-
tap ignored. Also included in the output circuit is the
resistor RS5. It was found that, without this resistor,
the inductance in the transformer primary upset
multivibrator operation at the lower frequencies,
resulting in an abrupt change of tone quality as these
frequencies were approached. It is probable that this
effect was due to a shock-excited resonance in the
transformer primary circuit, and it was completely
cleared by the addition of RS.

Silicon diodes D3 and D4 were included for a
different reason. It is a well-known fact that transis-
tor multivibrators can operate with exceptionally low
power supply voltages and currents, and TR1 and

o &
-W z ! blcck
TR ' A

T Iugé.soldered
to these tags

Fig. 3. Wiring diagram for the unit. Here, the top, side and bottom panels are shown ‘‘opened
out” for clarity, with the switch alongside

transistors appear in a multivibrator circuit offering
a 50 : 50 square wave output, the frequency of which
is capable of being controlled by the resistance ex-
hibited by photoconductive cell PC1. It will be re-
called that, in a conventional transistor multivibrator,
the period over which either transistor is cut off
during the cycle is controlled by the time needed for
its base capacitor to discharge sufficiently for the
transistor to become conductive, whereupon it then
initiates the next changeover. Normally, the base
capacitor discharges via the resistor coupling the base
to the upper supply rail but, in the present instance,
there is an additional discharge path. When, for in-
stance, TR1 turns off, its base goes positive of the
lower supply rail, with the result that D1 conducts
and an additional discharge path is given via PCI.
A similar additional discharge path appears when
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TR2 proved to be no exception. In fact, these two
transistors continued to oscillate even when TRS
(with PC2 in the dark condition) was passing a leak-
age current of 30pA only! In consequence, it became
virtually impossible to turn the multivibrator off
completely by means of the PC2 network. The
audible output from the loudspeaker was extremely
low under these low supply current conditions, but
it was still at a level which could have been per-
ceptible in a quiet bedroom. A number of attempts
were made to ensure that the multivibrator had zero
supply voltage when TRS was passing leakage cur-
rent only, but these were all unattractive because they
necessitated extra loading resistors across the supply
rails. It was eventually decided that the best solution
would consist of accepting the fact that the multivi-
brator continued to oscillate and of ensuring, instead,
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that low amplitude signals did not reach the speaker.
This function is carried out by D3 and D4 which, by
virtue of being silicon devices, do not pass current
at forward voltages below about 0.5 volt.

When TRS5 is hard on, the collector of TR2 gives
a square wave of nearly 9 volts peak-to-peak, about
1 volt of this being dropped across D3 and D4.
When, due to PC2 being changed to the dark condi-
tion, TRS passes leakage current only, the very low
output from TR2 collector is less than 1 volt peak-to-
peak, and this is insufficient to allow forward current
to pass through the diodes. There is, in consequence,
no perceptible output from the speaker. It is a matter

. of good fortune that silicon diodes have almost
exactly the forward voltage/current characteristic that
is required here, and they enable the multivibrator
to become silenced in a most effective manner. As
illumination in PC2 decreases, TR5 changes fairly
abruptly from the conducting to the non-conducting
state. This point, in combination with the action of
D3 and D4, results in the unit changing from full
output to silence over an impressively low range of
light level. If, for instance, the unit is switched on
just after dusk, it changes from full output to silence
over a period of ten minutes only as night-time
approaches.

Capacitor C3 is included in the circuit to ensure
that the signal current passed by D3 and D4 swings
equally on either side of zero current over the range
where these two diodes conduct.

Setting S1 to position 2 causes the “bleeping”
circuit to be brought into operation. In this position,
S1(b) breaks the positive supply to the emitters of
TR1 and TR2 and applies it to the emitters of TR3
and TR4. At the same time, Sl(a) couples the emit-
ters of TR1 and TR2 to the collector of TR3. TR3
and TR4 are in a standard multivibrator circuit, the
values of C4, C5, R6 and R7 causing it to run at
about four cycles per second. When TR4 is on, it
draws collector current via R8 in normal fashion.
However, when TR3 is on this transistor draws
collector current via the entire multivibrator circuit
around TR1 and TR2. Thus, TR1 and TR2 oscillate
when TR3 is on, giving an attention-catching “bleep-
ing” tone.

v

3

It is interesting to note that the unit draws
approximately the same current from the battery for
both the “bleeping” and the continual tone output.
When switched to give a continual tone, either TR1
or TR2 draws a current of some 4mA through Rl
or R4 respectively. When switched to the interrupted
tone either TR4 draws about 4mA through RS, or
TR3 draws 4mA through the TR1, TR2 multivi-
brator. )

A final point concerns the switch S1(a) (b) (c). It
was decided to use a 4-way switch with both end
positions corresponding to “off” since it is then more
easy to switch the unit off, particularly at times when
one is just being awakened. Since the switch requires
3 poles, the 4-way combination is readily available
in the standard range of inexpensive miniature rotary
switches.

COMPONENTS

None of the components in the unit is particularly
expensive. A suitable alternative for the ORP12 listed
for PC1 and PC2 is the LDRO03 photoconductive cell.

TRS5 and TR6 should be the types listed, the
BC168C being available from Amatronix Ltd. It is
probable that most p.n.p. germanium transistors
would be satisfactory for TR1 to TR4 inclusive, but
care should be taken to see that any alternatives that
may be tried have a reverse emitter-base voltage
rating of greater than 9 volts. D1 and D2 need to be
germanium types, whilst D3 and D4 must be silicon
types. Again, experimenters may find that adequate
results are given with alternative types in these circuit
positions. The writer must stress, however, that the
performance described in this article was obtained
with the specific semiconductors listed.

It will be noted that the Components List includes
a quantity of Lektrokit 5-way tagstrips with centre
tag earthed. These tagstrips were employed in the
author’s version, but are not necessary if alternative
methods of component mounting and wiring are to
be used. The Lektrokit tagstrips are available from
Home Radio (Components) Ltd., and can be ordered
in quantities of 10 under Cat. No. LK-2231.
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CONSTRUCTION

The prototype unit is shown in the accompanying
photographs. All the components are fitted into a
small wooden box having internal dimensions of
74in. wide by 5%in. high by 24in. deep, as shown in
Fig. 2(a) and (b). This box is initially fitted with a
4in. 3% speaker, for which a suitable aperture is
first cut and then covered with speaker fabric. There
are four wooden strengthening struts in each corner
angle. These struts can be seen in the photograph of
the rear of the unit, but are not shown in Fig. 2.

The components inside the case take up the posi-
tions illustrated in Fig, 2(b). Each of the tagstrips
shown here is illustrated with its principal component
or components attached, in order that it may be
identified in the wiring diagram given in Fig. 3. The
tagstrips are secured to the side and top of the case
with cheese-head 6BA screws and nuts, and to the
bottom with countersunk 6BA screws and nuts. The
positioning of the tagstrips is not critical and the
easiest approach towards construction is to first wire
up the components on them, and then fit them in-
dividually into the case, drilling suitable 6BA clear
mounting holes as and where required. Flying leads
coupling the tagstrips together and to the switch
are connected up after the strips have been mounted
inside the case. The purist may prefer to secure the
tagstrips with wood-screws applied from the inside
so that bolt heads do not appear on the outside of
the case. Since, however, the unit is intended to be
an electronic device rather than an item of furniture,
the few screw heads visible on the outside do not,
in che writer’s view, detract from its appearance.

The two photoconductive cells are secured to the
top surface with Araldite, their leads passing through
small holes, previously drilled, directly beneath them.
These leads should be sleeved over the parts which
pass through the holes. An alternative approach here
would consist of recessing the cells so that their
faces are flush with the top surface of the panel.

Construction should be started by first preparing
the case. This includes cutting out the speaker aper-
ture, and cutting out the hole for SI1. A simple metal
mounting clamp for the battery may be made up at

this stage and two suitable 6BA clear holes drilled
for it in the left hand panel, as viewed in Fig. 2(b).
It is merely necessary for the battery to be mounted
centrally on this panel, as its exact positioning is in
no way critical. Suitably finish the case by painting
it, or staining and varnishing it, then fit the speaker
tabric, the speaker, the two photoconductive cells,
and switch S1. The battery is not mounted at this
stage.

Turn next to Fig. 3, which shows the wiring laid
out in one plane, as would be given if the top, side
and bottom panels were “opened out” and laid end
to end. First, mount the tagstrip adjacent to the
photocells to the top panel underside (see Fig. 2(b))
and connect and solder the photocell leads to its tags.
(Each of the tags in the Lektrokit tagstrips specified
has both a top and a bottom wiring position, with
the result that subsequent connections to a tagstrip
need not be at the same solder joints as have been
made previously.)

Take up another tagstrip and, before fitting it in
the case, solder to its tags TRS, TR6 and one end
each of R9 and R10, as shown in Fig. 3. Mount this
tagstrip alongside the one already fitted, as in Fig.
2(b), then connect the free ends of R9 and R10 as
shown in Fig. 3.

Make up an assembly comprising two tagstrips,
TR1 and TR2, R1 to R4 inclusive, Cl and C2, and
D1 and D2. Wire all these components up as in Fig.
3. Also solder flying leads of flexible p.v.c. covered
wire to the emitter of TR2, the emitter of TRI1, the
collector of TR2, and the junction of D1 and D2.
Connect fwo flying leads to the junction of R1, R2,
R3 and R4. Despite the fact that they are not
mounted to any surface during this wiring procedure,
the tagstrips will be sufficiently steady after C1 and
C2 have been soldered between them. Drill suitable
holes in the case, then mount the two tagstrips so
that they take up the positions indicated in Fig. 2(b).

Next, shortening each flying lead as necessary and
following Fig. 3, connect the emitter of TR2 to one
terminal of PCl, and the junction of DI and D2 to
the other terminal of PC1. Similarly, connect one of
the leads from the junction of R1, R2, R3 and R4,
to the emitter of TRS.

CAN ANYONE HELP?

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

Users of this service undertake to acknowledge all letters, etc., received and 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.

Type 46 Walkie-Talkie—R. K. Lloyd, POB 1164
Lusaka, Zambia, Central Africa—wanted, winding
details of the tuning coils.

“Simon” Ex Min. Tape Recorder—A. W. Bawden;
232 Exwick Road, Exeter, Devon—valve line-up,
especially oscillator valve. Circuit diagram. Loan or
purchase.

Taylor Valve Tester—J. Hartley, 27 Worcester Road,
Blackburn, Lancs.—operating instructions required
for the model No. 45C.

Eico Multimeter Model 565 —W. Monksfield, Search-
light Cripples Workshop, Newhaven, Sussex—circuit,
operating instructions or any data. Instrument made

DECEMBER 1969

by Electronic Instrument Co., Brooklyn, New York,
US.A.

Car Ignition Circuit—Cpl. R. Horner, 21 Signal
Regt., R.A.F. Gutersloh, BFPO 47—circuit diagram
for transistor ignition system required.

Telefunken Tape Recorder Model T75.—W. Lowens,
28 Wavertree Road, Higher Blackley, Manchester 9
—Iloan or purchase of service sheet.

Hartley & Erskine Type 134 D. B. Scope —V . C. Mil-
ford, “Grey Flints”, Windsor Forest, Berks—hand-
book, loan or purchase.

KW77 Mkil Receiver—S. Smith, 19 Hyde Road,
Kenilworth, Warks—loan of handbook.
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Take up a single tagstrip and wire to this C3, RS,
D3 and D4, as in Fig. 3. Mount this to the bottom
panel in the position indicated in Fig. 2(b). Next,
shortening as necessary the flying leads already fitted,
and following Fig. 3, connect the collector of TR2
to one end of RS5. Similarly, connect the jungtion of
R1, R2, R3 and R4, to the tag securing one end each
of D3 and D4.

Mount transformer T1 to a further tagstrip by
soldering its lugs to the two tags indicated. Connect
its white and black secondary leads to the two
remaining tags shown and connect flying leads to
these two tags. Mount the tagstrip to the bottom
panel as illustrated in Fig. 2(b) then, shortening as
necessary, connect the two flying leads to the speaker
tags. Connect the green primary lead of T1 to the
negative end of C3 and the red primary lead to the
remaining free ends of D3 and D4. Note that the
connection to D3 and D4 is in the form of a “mid-air
joint”. The white primary lead of T1 is not used and
it should be tucked out of the way, taking care to
ensure that it cannot short-circuit to any tag or con-
nection.

Make up the assembly comprising two tagstrips,
TR3, TR4, R6, R7, R8, C4 and CS5. These are wired
up in a similar manner to the previous multivibrator
assembly which incorporated TR1 and TR2. Provide
flying leads from TR4 emitter, TR3 collector and
the junction of R6, R7 and R8. Fit this assembly so
that it takes up the position shown in Fig. 2(b). Then,
shortening as necessary, connect the flying lead from
the junction of R6, R7, and R8 to the emitter of
TRS5. Similarly, connect the collector of TR3 to the
arm of Sl(a).

Solder the negative battery lead to the arm of
S1(c). In company with a flying lead, solder the
positive battery lead to the arm of S1(b). Shortening
as necessary, connect “this last flying lead to the
unused terminal of PC2.

Either by visual inspection or with the aid of a
continuity tester, determine the contacts of S1 which
correspond to switch positions 1, 2, 3 and 4. Their
relative positions may differ, in some switches, from
those shown in Fig. 3. Connect together the two con-
tacts of Sl(c) corresponding to positions 2 and 3,
then run a flying lead from these to the collector of
TRS5. Shortening as necessary, connect the flying lead
from TR4 emitter to the position 2 contact of S1(b).
Similarly, connect the flying lead from the emitter
of TR1 to the position 3 contact of S1(b), and then
(S:c;nnect this contact to the position 2 contact of

(a).

Wiring up is now complete.

TESTING

For initial tests it is convenient to have the battery
outside the case. It is not connected up yet. First
check the wiring for obvious faults, short-circuits or
poor connections. If a testmeter is available, select
a resistance range which causes a 1kQ reading to be
near centre deflection, then measure the resistance
across the two battery clips for different positions of
S1. The reading given will vary according to the
energising voltage of the battery in the testmeter but,
in general, it should be above 1kQ for both positions
2 and 3. A higher reading is given with the ohmmeter
leads connected one way round rather than the other,
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and this point may also be checked. The meter
should, of course, indicate infinite resistance when
S1 is in positions 1 and 4.

Remove the testmeter and connect the battery to
the unit. The speaker should now produce a continual
tone with S1 in position 3 and an interrupted tone
with Sl in position 2. Check that, in both cases, the
tone varies in frequency when the hand is passed
over PCI1, thereby changing the light level falling on
this photocell. Next, place the hand fully over the
two photocells in order to completely exclude light
from PC2, and see whether the unit turns off. If the
unit is in bright daylight or a well illuminated work-
shop it may be found difficult to exclude sufficient
light from PC2 in this manner for the unit to turn
off, in which case the test should be repeated with
the unit in shadow or in partial darkness. If the test
is being carried out at night-time, after dusk, switch
off all lights and see whether it similarly turns off. It
should then be possible to turn the unit on again
by striking a match some 6 to 12in. above PC2.

Finally, insert a current reading meter in series
with the positive battery connection and check cur-
rent consumption. This should be between 3.5 and
SmA for all tone frequencies generated on either
switch positions 2 and 3. The meter needle may
fluctuate slightly at pulse frequency on position 2,
since the TR1, TR2 multivibrator will not draw
exactly the same current as R8. Next, check current
consumption with light excluded from PC2 such that
the unit is turned off. The consumption should be
100pA or less. This last test is best carried out in
conditions of low ambient light level for the reasons
already stated. The prototype, at night time, drew
a current of some 30pA only.

Although, in order to conserve the battery, the
audio power fed to the speaker is relatively low, the
nature of the tone causes the audible signal to be at
more than adequate level for the purpose required of
the unit,

FINAL POINTS

After the unit has been checked out, the battery
may be clamped into position, and the case fitted
with a suitable back. In the prototype the back was
secured with four woodscrews passing into the corner
struts which are visible in the photograph of the rear.

Some constructors may prefer to assemble the unit
in a metal case or on a metal chassis. The layout
diagram shown in Fig. 3 may still be followed. It will
be noted that, in this diagram, none of the centre
earth tags of the tagstrips connect into circuit. It
would be preferable to have a chassis connection
into the circuit when a metal case or chassis is used,
and this connection may be made to the main nega-
tive supply rail, at the emitter of TRS. If a metal-
clad 9 volt battery is used to power the unit, it should
not be clamped direct to the case or chassis. Its metal
case should, instead, be insulated from chassis and
it; mounting clamp by means of p.v.c. or polythene
sheet.

Due to tolerances in PC2 there is a slight possibility
that some units built up to the circuit may require an
inconveniently low light level before turning off.
Should this occur, the value of R10 may be experi-
mentally reduced (to a minimum of 2kQ) until the
desired sensitivity is achieved.

- |
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TRANSISTORISED G.D.0. FOR THE H.F. BANDS
(Part 2) |
by
R. J. HULBERT, G3SRY

In this article our contributor concludes his description of this neat and
efficient g.d.o. First dealt with is the preparation of the case, after which
details are given of wiring, coil winding and calibration

CASE PREPARATION

Before proceeding further, all the metalwork des-
cribed in Part 1 must be completed, and the major
components tried in position to ensure that every-
thing fits correctly.

The metal case is next prepared for painting, and
it should be initially rubbed down with fine steel
wool to produce a matt finish. This will provide a
better key for the paint. Remove all traces of steel
wool, and wipe down with a clean rag soaked in
thinners, to remove any oil or grease. The case is
now ready for finishing.

The prototype was sprayed with aerosol synthetic
enamel, as supplied for rectification of minor car
body damage. If this type of paint is used it is
important to apply each coat sparingly, and allow
sufficient time for the paint to become tacky, before
the next is applied. Density is gradually built up,
until an excellent finish is obtained. If the paint is
applied too thickly, or too frequently, sags or runs
will be inevitable. If applied correctly the first coat
will produce a misty and somewhat spotty appear-
ance, with little colour. If this little is laid with each
coat, the final result will be good.

ks

A popular finish with contructors is Hammerite
hammer finish paint. This may be obtained in vari-
ous colours, and applied by brush or spray. Apply-
ing this paint by spray requires suitable equipment,
and a knowledge of spray painting techniques. There
is also the point that the time involved in mixing,
etc., is hardly worth the effort for such a small job.
There is a definite knack in brushing Hammerite;
the trick is to use a large brush, and apply a thick
coat quickly. One has only ten seconds or so before
the paint becomes tacky, and starts to pull. The
resulting finish is inferior to professionally sprayed
hammer finish, but nevertheless is more than ade-
quate for general purposes. As soon as the paint
chosen is thoroughly hard, assembly may commence.

WIRING UP

The group board is wired as a separate unit, as
shown in Fig. 5. It is then mounted in position using
two 6BA chrome plated mushroom head screws, nuts
and hollow %in. stand-off pillars, which- may, if
necessary, be cut from a piece of brass or aluminium
alloy tube. The solder tag shown on the group board
is secured by the nut nearer the coil socket end of

red

__Insulated lead

Rs
To pin B coil socket —
white
Meter pos.
o] [0} o]
C
b,
cu fes ()
J '3
Meter neq. S Q- Fal
black A
-9V
black

To pin3 coil socket
Co_

*R4=

=Cq .

Fig. 5. Wiring up the group board
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Fixed vanes

Coil socket

Fig. 6. The remainder of the wiring

the chassis. The coil socket, meter, switch and
battery may next be mounted, using the appropriate
fixing hardware. Wiring can now be undertaken, as
in Fig. 6, leaving the lead to the fixed vanes of VCI
hanging for the time being. VC1 is next fitted with
6BA countersunk screws, and its fixed vanes con-
nected. The connection to the moving vanes is auto-
matically provided via the chassis.

The coils may now be wound. They should be
wound on the specified Denco formers, using the
correct gauge of wire and the number of turns given
in Table II. The coil end nearer the base connects
to pin 8 and the other end to pin 3. The distance
between the coil and the outer end of the former is
}in. The formers should be fitted to a socket whilst
the coil leads are being soldered, since this will
ensure that the hot pins do not move out of position
in the polystyrene moulding. When winding is com-
plete the polystyrene nuts are removed and the
threaded portions sawn off.

TABLE 11
Coil Winding Details

Range Frequency coverage Winding details
1. 10.75 — 16 MHz  18% turns 28 s.w.g.en.

closewound

25 155 - 22MHz 14} turns22s.w.g.en.
closewound

3k 22 - 31MHz 81 turns 22 s.w.g.en.
closewound

4, 31 - 46 MHz 6} turns 22 s.w.g.en.
spacewound over $in.

5. 415 - 65MHz 2% turns22s.w.g.en.

spacewound over }in.

The coils are not doped with polystyrene cement
at this stage, since some later adjustment may be
required.

After winding, plug in each coil in turn and switch
on. The meter should mdxcate on all ranges, the
Range 1 coil giving the maximum indication and
the Range S coil the lowest.
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If all is well the scale may be prepared. This is
made from matt white Formica as illustrated in
Fig. 7(a). The three concentric circles are drawn in
indian ink with the radii shown. Also drawn in
indian ink is a line through the centre. This scale
is secured to the front panel of the case over VCI
spindle with Evostik adhesive.

Next to be made is the scale cover, this being
iltustrated in Fig. 7(b). The material is !/isin. Perspex
sheet. The three holes shown apply to the particular
knob used by the writer and should be drilled with
a No. 32 drill and countersunk. The scale cover may
then be secured to the knob using short 6BA
countersunk screws. As was mentioned in Part 1, if
an alternative knob is employed the scale cover
may be secured to it with Araldite general purpose
adhesive. The scale cover has a line scribed across
its diameter on the under-surface, as illustrated, this
being filled with indian ink.

The scale cover and knob are now tried in posi-
tion, any surplus length on VCI1 spindle being
removed with a junior hacksaw. VCI1 is next set to
full mesh, and the pointer line set to coincide with
the scale end line on the scale.

RANGE CHECKING

A receiver (or several receivers) covering the range
11 to 65 MHz is required for range checking and
calibration. If no form of crystal calibrator or
frequency meter is available, the calibration of the
receiver dial will have to be taken as correct. This
may produce some inaccuracy of calibration, but
the constructor can still determine if a tuned circuit
is near the required frequency, or a mile away.

Connect a short length of wire to the receiver to
function as an aerial, and lay the other end close
to the coil of the g.d.o. Determine the expected
range of each coil, and plot its range with the
receiver. Beware of the receiver’s second channel,
and harmonics from the g.d.o., since confusion can
result from these. In general, signals produced by
these means will be weaker, and can thus be identi-
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fied. If the receiver is fitted with an S-meter, the
task will be made simpler.

The coils most likely to require adjustment are
the two highest frequency ones. If the range ob-
tained is at a lower frequency than that required,
the spacing between turns should be increased. In
the unlikely event of this not affecting a complete
cure, a turn, or part of a turn, may be removed.
If the reverse is true, the turns should be pushed
together to reduce the spacing. Once again if this
does not produce the desired result, a turn or part
of a turn may be added. In this case it will mean
re-winding the coil. After adjustment, the coils are
doped with several coats of polystyrene cement, and
left to harden.

CALIBRATION

In order to calibrate the scales, a calibration
pointer is required. This is simply a scale cover, but
with a slot instead of the pointer line. There is no
need to go to the trouble of cutting another disc,
since a strip of Perspex 24in. long by }in. wide will
suffice. This is attached to a knob by any convenient
means, and a slot produced with a junior hacksaw.

al2"
dia

5/16"dia

g.d.o. and receiver may now be switched off, and
the calibration pointer removed.

Each mark can be re-drawn more permanently
with indian ink and a mapping pen, and the figures
added. The knob with the proper scale cover is next
refitted, being carefully set up to coincide with the
scale end line when VCl is at full mesh.

The g.d.o. is now ready for use.

USE OF A G.D.O.

A gd.o. is normally used to determine the reso-
nant frequency of a tuned circuit. By bringing .the
gd.o. coil close to the coil under inspection and
adjusting the dial, a point is found at which the
g.d.o. meter reading will fall to a minimum. The
sharpness of this minimum or dip is a function of
the Q of the tuned circuit and the degree of
coupling. The reading of the g.d.o. scale at dip
coincides with the resonant frequency of the tuned
circuit under investigation. The best accuracy is
obtained at the minimum coupling that will produce
a dip. The dip occurs because oscillator power is
absorbed by the circuit under test, whereupon less
voltage is available for the g.d.o. circuit.

212"

dla

||/|6" "
v e

/i Y4° dia

3 circles and Tef

one fine drawn ‘3

in indian ink
Line scribed across 3holes at 120° intervals
diameter on /2 diameter circle

(a) ®)
Fig. 7(a). Cutting out and marking up the scale
J (b). Details of the scale cover, which is fitted to the variable capacitor knob

It is important that the slot should be exactly in line
with the centre of the spindle. The slot is now filed
to a V shape, to allow a sharply pointed pencil to
pass through to the dial. With VC1 exactly at
full mesh, the calibration pointer is accurately fitted
to the spindle so that the slot is directly over the
end of the scale line on the dial. The instrument is
now ready for calibration.

Using the receiver as before, the g.d.o. is switched
on and each coil inserted in turn. The receiver is
set to a definite frequency, and the g.d.o. adjusted
to coincide. A small pencil mark is then made on
the appropriate scale. If a duplicate scale is drawn
on paper, the approximate position of each mark
and its frequency may be noted. This will be found
very useful at the inking-in stage. Continue in this
way until all the coils have been calibrated. The
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A g.d.o. can prove invaluable if a piece of r.f.
equipment has been built and one or more of the
tuned circuits does not peak correctly. It becomes
a simple matter to determine if the offending circuit
is high or low of the required frequency, and there-
fore what action is required. Successful coils may
be constructed armed with nothing more than the
materials, an initial guess, and the g.d.o.

With its range of 11 to 65 MHz, the present
instrument will deal with the earlier stages of v.h.f.
transmitters, Band I TV channels, tuned circuits for
the 27MHz Radio Control band, as well as the h.f.
amateur bands on 10, 15 and 20 metres, and the
spaces between. To appreciate how useful a gd.o.
can be, one must own one and learn to exploit its
possibilities.

|
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REGENT PUBLIGATIONS gl

TRANSISTOR ELECTRONIC ORGANS FOR THE AMATEUR. By Alan Douglas, Sen.M.I.LE.E., and S. Astley. 79
pages, 5% x 8%in. Published by Sir Isaac Pitman and Sons Ltd. Price 20s.

This is the second edition of Transistor Electronic Organs For The Amateur, and the authors have taken
advantage of its appearance to introduce devices and circuitry which are made possible by the more recent
transistor techniques.

The book starts with a brief chapter describing the electronic organ and its associated terminology, after
which a second chapter provides a simple introduction to transistors and transistor circuits. The third chapter
devotes 25 pages to details of a practical ‘transistorised organ having two manuals and a pedal board, the
original design of which appeared, incidentally, in The Radio Constructor. This is a divider organ with the
top 12 notes generated at 4ft. pitch by stable oscillators, all the lower pitches being provided by locked
blocking oscillators. Tone. forming is given by a series of filters and a considerable number of examples of
successful filters are inciuded. Vibrato and reverberation circuits are also described, as well as a swell pedal
mechanism incorporating an ORP12 photoconductive cell.

The following chapter deals with circuits for other transistor organs, and describes techniques capable of
more general use. The fifth chapter discusses transistor amplifiers and power supplies, whilst the sixth and
last chapter deals with semiconductor keying together with circuits for percussion and sustain effects.

110 SEMICONDUCTOR PROJECTS FOR THE HOME CONSTRUCTOR. By R. M. Marston. 133 pages, 5% x 84in.
Published by lliffe Books Ltd. Price 25s.

The purpose behind this book is that of presenting information on established and new semiconductor devices
by way of circuit design rather than by long-winded theory. Each chapter commences with a non-mathematical
outline of the basic characteristics of the devices to be dealt with, then gives a range of practical circuits
in which they can be successfully employed.

A good idea of the semiconductor devices covered is given by quoting the five chapter titles: 30 Silicon-
Planar Transistor Projects, 15 Field-Effect Transistor Projects, 20 Unijunction Transistor Projects, 15 Silicon
Controlled-Rectifier Projects and 30 Integrated Circuit Projects. The integrated circuit employed in the last
chapter is the zL914, having 4 transistors with associated resistors. The range of circuits dealt with is excep-
tionally wide and includes, to name only a few, amplifiers, timers, a chopper, variable power control units and
a water level sensor.

All circuits have full component values and are accompanied by brief but very explicit descriptions of their
operation.

The technique of explaining semiconductor operation with the aid of practical circuits is to be commended,
and the considerable amount of information provided by the 110 working circuits in this book make it excellent
value at its price.

VHF-UHF MANUAL. By G. R. Jessop, C.Eng.M..LE.R.E., G6JP. 6} x 9}in. Published by the Radio Society of Great
Britain. Price 20s.

There is much to recommend today's Radio Amateur to devote his interests more and more to the VHF-UHF
bands. Limitations in real estate and planning permission difficulties often result in an unsatisfactory aerial
array and this, together with the high occupancy of the lower frequency bands, discourage many from engag-
ing in amateur radio as practiced these days on the more conventional bands. The prospects for the future of
the VHF-UHF bands is however very bright — particularly with the possibility of satellites specifically designed
for amateur radio communications being put into orbit in the not too distant future.

VHF-UHF techniques are a specialist field and, in the past, one has had to search throughout amateur radio
literature to find the information one requires. It is good therefore to see the publication of a volume con-
taining all one wants to know to become actively engaged in VHF-UHF communications.

The VHF-UHF Manual contains all information the newcomer to this field will want and will provide the
amateur having previous experience of these techniques with new ideas and a ready reference to often re-
quired data. It is an excellent Manual which we can thoroughly recommend to the beginner and to the ex-

perienced VHF-UHF enthusiast alike.
]
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“RADATEC” X-BAND RECEIVER

The unique solid-state microwave receiver shown in the accompanying
illustration is marketed under the trade name “Radartec”. The “Radartec”
covers the entire X band of the radio spectrum (9,000 to 11,500MHz) and
will therefore receive most of the shipping and aircraft radar beacons as
well as the police radar and the 3cm Amateur band.

As will be seen from the illustration, the compact and attractively styled
receiver is sccurely clipped to the car sun visor and picks up signals by
means of a special 2§in. long aerial fitted to the rear of the “Radartec”.

The receiver is powered by a sclf-contained mercury deaf aid battery
which has an average life of 500 hours. When in operation, the receiver,
which has an integral speaker, is set such that a ticking sound is heard
(similar to that of a geiger counter) by means of the volume control. Upon
recciving a microwave signal, the ticking sound increases both in speed and
intensity until a Joud screech — with an intensity of 100dB/M at the speaker
— is heard.

There are no legal complications to the installation of this receiver, it
being classed as a transistor radio. By virtue of its 3cm Amateur band
coverage, an ordinary domestic radio licence only is required.

The retail price of the receiver (44 x 3% x 3in. outside measurcments and
weighing only 11 ounces) is £13 Ss. 0d. ready to work and carriage paid in
the U.K. All enquiries should be directed to Belding & Bennett Ltd. (Radar
Division), Box 38, 45 Green Lane, Purley, Surrey. Tel. 01-660 2896.

Dx-CIRCLE

A special programme for Medium and Short Wave broadcast band
Dx’ers is now included in the English Service of the West German station
Deutschlandfunk at 1800 GMT on alternate Wednesdays (December 3rd,
17th, 31st, etc.)

The programme is presented by the well-known broadcast Dx'er Alan
Thompson of Neath. Tips are always welcomed for the Dx News part of
the programme and may be sent direct to Alan Thompson at 16 Ena
Avenue, Neath, Glam., or to “Dx-Circle”, DLF English Service, 5 Cologne
51, West Germany.

The English Service is radiated on 236.5 metres (1268kHz) from 1745
to 1830 GMT.
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CURRENT
TRENDS

SEMICONDUCTOR
DEVICES

New Booklet Published by
Mullard Educational Service
The third booklet in the series of
‘minibooks’ published by the Mul-
lard Educational Service is entitled
‘Semiconductor Devices’. It is in-
tended as an introduction to the
subject which, being treated non-
mathematically, should be easily
understood by anyone with a basic
knowledge of electronics.

The booklet starts with a descrip-
tion of germanium and silicon and
shows how they can be made into
n- or p-type material by the addi-
tion of minute amounts of other
clements. Explanations are given of
the action of the p-n junction in a
diode and the p-n-p or n-p-n
arrangement in a (ransistor. The
current-amplifying property of a
transistor is cxplained and scveral
basic transistor circuits are included.

The booklet then describes briefly
how various transistors are construc-
ted and has a section on transistor
characteristics. In the final section
other solid-state devices, such as
phototransistors,  thyristors,  ther-
mistors, f.et.s., and Gunn ‘diodes’,
are outlined. The booklet ends with
a short description of integrated
circuits.

‘Semiconductor Devices' should be
of interest 1o all students, and
apprentices as well as lecturers and
teachers of clectronics in schools
technical colleges and other train-
ing establishments. Priced at 5s. 0d.
(including packing and postage), it
can be obtained from the Mullard
Educational Service, Mullard House,
Torrington Place, London, W.C.I.
Cash should accompany orders.
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MOVING-COIL METERS yai

UNDERSTANDING

by W. G. Morley

N LAST MONTH'S ARTICLE WE INTRODUCED THE
I subject of measuring instruments which incorp-
orate a pointer, or “needle”, to indicate the
magnitude of the electrical quantity being measured.
We examined several meters operating under different
principles, these including the electrostatic meter,
the thermocouple meter, and both the attraction and
repulsion types of moving-iron meter. We also dis-
cussed mechanical aspects of meter design, dealing
amongst other things with damping and pivot
suspension.
We now carry on to the pointer instrument which
is used far more frequently than any other in radio
and electronic work. This is the moving-coil meter.

MOVING-COIL METER

The basic construction of the moving-coil meter
may be understood by referring to Fig. 1. Fig. 1(a)
shows a typical magnet assembly on its own, Fig.
1(b) the coil assembly, whilst Fig. 1(c) illustrates the
two parts fitted together to form the complete work-
ing instrument.

In Fig.1(a) we have a permanent magnet of basic
horse-shoe shape whose poles, or ends, are given the
concave circular shape illustrated. Positioned cen-
trally between the poles is a cylindrical soft iron
core. A magnetic field is thus set up between the two
poles, lines of magnetic force passing through the
air gap between the poles and the central core. An
important feature of the design is that, since the
spacing between the magnet poles and the core sur-
face is the same at all points, the direction of the
lines of force in the air gap is always radial (i.e. they
radiate from the core along lines which can be
drawn through the core centre), and the field strength
is constant at all points in the gap. In practice, the
lines of force will not be truly radial, nor will the
field strength be constant, at and very near the pole
edges, but this part of the field is not employed for
meter operation.

The coil assembly appears in Fig. 1(b). The coil is
wound on a flat rectangular frame made of thin alu-
minium, on two opposite surfaces of which are affixed
two pivots. The mounting of these is such that either
one or both of the pivots is insulated from the
aluminium frame. The two ends of the coil connect
to these pivots, whereupon it becomes possible to
pass a current through the coil by way of the two
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spiral phosphor-bronze springs. As we saw last
month, it is standard practice to use two springs of
this nature in a pointer instrument; with the moving-
coil meter the springs offer the added bonus of al-
lowing current to be passed through the coil. Also
shown in Fig. 1(b) are a pointer and counterweight
assembly, this being mounted on the front pivot.

The assembled mechanism appears in Fig. 1(c).
The ends of the coil pivots are held between bearings
(omitted, together with the spiral springs, from the
diagram for clarity) allowing the coil to rotate with
two sides of the rectangular frame in the air gap be-
tween the core and the magnet poles. If no current
is passed through the coil the two spiral springs
cause it to take up a position in which the pointer
gives a zero indication on the scale. When a direct
current is passed through the coil the resulting motor
action causes the coil to rotate on its pivots and the
pointer to move across the scale. Since the magnetic
field through which the coil turns pass is both radial
and constant, the torque exerted on the coil due to
the current passing through it is proportional to the
value of the current itself, whereupon the scale over
which the pointer travels can have equal spacing
between graduations and becomes truly linear.

As a corollary of the inherent linearity of the
moving-coil meter, it is of interest to compare this
instrument with the moving-iron meter for currents
which cause only a small deflection of the pointer.
The presence of a strong magnetic field in the mov-
ing-coil meter (due to the permanent magnet) en-
sures that such a small current need only produce a
single interacting field from the coil to cause the
pointer to be deflected. With the moving-iron meter,
the low current has to provide all the magnetising
force (giving either attraction or repulsion according
to meter type) with the result that pointer deflection
becomes proportionately small. It is this last effect
which causes the “cramping” of the lower end of a
moving-iron meter scale.

METER SENSITIVITY

.

The sensitivity of a moving-coil meter is dependent
upon three main factors, these being the width of the
air gap in which the coil rotates, the number of
turns on the coil, and the strength of the field in the
air gap due to the permanent magnet. The sensi-
tivity increases as the first of these three factors is
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reduced and as the second and third are increased.
Mechanical limitations impose a limit on the narrow-
ness of the air gap and the number of turns which
can be wound on the coil. It is found that there is no
useful increase in sensitivity for field strengths in the
air gap above a certain high level.

In Fig. 1 the permanent magnet has a shape which
allows its poles to be brought right round to the
soft iron centre core. An alternative method of con-
struction is shown in Fig. 2. Here, the field from the
magnet is brought up to the core by means of
specially shaped soft iron pole-pieces. This approach
has the advantage that the curved surfaces adjacent
to the centre core, which have to be accurately
shaped and dimensioned, can be machined in a
material which is easier to process than that em-
ployed for permanent magnets. Modern permanent
magnet materials can be produced in a varikty of
shapes and it is nowadays possible to have the perm-
anent magnet for a moving-coil meter in bar magnet
form, the field being once more brought up to the
centre core by way of pole-pieces.

With the assembly of Fig. 1 no adjustment is
available to control the strength of the magnetic field
in the air gap. On the other hand, it is possible to
add a variable magnetic shunt to an assembly in-
corporating pole-pieces. This appears in the position
shown in Fig. 2 and consists of a small piece of
magnetic material in the shape of an elongated letter
U. See the end view in Fig. 3. The shunt bypasses
part of the magnetic field from the permanent mag-
net, with the result that the remaining field available
for the air gap can be varied by changing the physical
position of the shunt. When the shunt has an equal
area in contact with both pole-pieces the field in the
air gap is at a minimum. The magnetic shunt is
set up at the factory and is then secured firmly in
position by the screw shown in Fig. 3.

Most moving-coil meters have the zero position
for the pointer at the left hand end of the scale. If
the current to be measured is passed through the
coil in the correct direction, the pointer is then de-
flected to the right. Should the current be passed

-through the coil in the incorrect direction the pointer

is deflected off-scale to the left until it is prevented
from further movement by an end-stop at the low
end of the scale, A similar end-stop is fitted at the
upper end of the scale, incidentally, this preventing the
pointer from travelling too far off-scale to the right
should excessive current in the correct direction be
applied to the coil,

The moving-coil meter can only indicate direct
current. It cannot, as it stands, measure alternating
current (although it can be made to do so with the aid
of an external rectifier circuit). Some moving-coil
meters, known as centre-zero meters, are designed so
that the zero point at which the pointer rests in the
absence of coil current is in the centre of the scale.
The pointer is then deflected to right or left accord-
ing to the direction of the current which is passed
through its coil.

A moving-coil meter has one of its terminals
marked with a plus sign to indicate “positive” and,
thereby, the correct way the meter should be con-
nected into circuit. This applies to the centre-zero
meter as well, in which current in the correct direc-
tion normally causes the pointer to be deflected to
the right. ]

Damping of the pointer movement is achieved by
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reason of the aluminium frame on which the coil
is wound. When this frame moves in the magnetic
field in the air gap, current is induced in the alumin-

Permanent
magnet

Soft iron core

Magnet poles

Pointer and counterweight
assembly

Spiral phosphor-bronze springs

Coil (wound on
frame)

Aluminium

Front pivot Coil ends connect to pivots Rear pivot
(b)
Pointer and
Coil counterweight
assembly

()

Fig. 1(a). Basic magnet assembly for a typical
moving-coil meter

(b). The coil, pivot and pointer assembly. The

pointer appears in foreshortened form due to
the angle of view

(c). The complete meter mechanism. For

clarity, the front bearing and spiral spring are

omitted

ium which causes it to produce an opposing magnetic
field. The effect increases with increase in speed of
movement of the aluminium frame, and the overall
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result is that the requisite damping takes place. The
same effect can also be produced by the coil itself.
If the current passing through the coil is provided
by a source of low internal resistance the meter
takes longer to indicate a change in current than
occurs when the source has a hight internal resis-
tance. Should it be desired to transport a sensitive

Permanent magnet

-/

Non-magnetic metal

Soft-iron core

f ]
i ma:

A =

Sott iron pole-pieces shunt

Fig. 2. An alternative magnet assembly, in

which the magnetic field is brought up to the

air gap by means of soft iron pole-pieces.

Additional physical strength is imparted by the

two pieces of non-magnetic metal, which are
positioned as illustrated

and expensive moving-coil meter from one place to
another, it is always a good plan to take advantage
of the damping effect due to the coil and connect a
piece of wire across the meter terminals to act as a
short-circuit. The high level of damping imparted
to the coil assembly by the coil itself then ensures
that the pointer will not move violently if the instru-
ment is bumped during transit. It will be recalled that,
with the thermocouple meter discussed last month,
the two terminals of a moving-coil meter are con-
nected directly to the thermocouple. Since the therm-
ocouple has a very low resistance the coil of the
associated moving-coil meter can, if desired, be
wound on a frame made of insulating material in-
stead of aluminium, since adequate damping is
imparted by the coil alone.*

A moving-coil meter is capable of offering a high
degree of accuracy, whereupon it is desirable to ensure
that it is not read incorrectly due to parallax errors.
The word “parallax” applies to the apparent change
in position of an object resulting from a change in
position of the observer. As is shown in Fig. 4, a

* Damping, with the thermocouple meter, is needed mainly to pre-
vent pointer jitter under conditions of vibration, or violent pointer
movement when the instrument is in transit. Electrically, the thermo-
couple meter is sluggish in its response to changes of current.
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slightly incorrect meter reading can occur if the
pointer and scale are inspected from an angle, as In
Fig. 4(a), instead of from directly above, as in Fig.
4(b). To overcome errors due to this cause, the scales

Non-magnetic metal Magnetic shunt

Sott iron pole~pieces

Fig. 3. End view of the magnet assembly
of Fig. 2, showing the magnetic shunt in
greater detail.

of high-grade moving-coil meters are sometimes fitted
with anti-parallax mirrors, as in Fig. 4(c). If the
person reading the meter moves his eye so that the
image of the pointer in the mirror is beneath the
pointer itself, then his eye is directly above the meter
scale and he can read scale indications without fear
of parallax error. A cheaper and somewhat less posi-
tive method of overcoming parallax error is to use a
strip of thin metal as the pointer, with its plane at
right angles to the meter scale surface. The eye of the
person reading the meter is then moved until the
apparent width of the pointer is at a minimum.

The accuracy of some moving-coil meters of the
type which are intended to be mounted on a metal
panel can be reduced if the panel is made of magnetic
material, such as steel, instead of a non-magnetic
material, such as aluminium. The result given with
a panel made of magnetic material is that the meter
gives low readings, the possible error being as much
as 5%, or more. Normally, panel-mounting meters are
calibrated for a panel of non-magnetic material, and
the appropriate sales literature should state whether
the design is suitable for mounting on a panel of
magnetic material. For instance, the panel-mounting
meters available from Radiospares Ltd. have a mag-
netic assembly with negligible external field, and their
calibration is stated to be virtually unaffected when
mounted on steel panels.

Apart from the question of damping, mechanical
details for the moving-coil meter are similar to those
for the meters we discussed last month, in that the
pointed pivot ends of the moving section are mounted
between steel or jewel bearings (almost always the
latter with a moving-coil instrument) and that a zero-
adjust control is available on the front face of the
instrument.

Finally, whilst dealing with the moving-coil meter
in general, two minor incidental points need to be
mentioned. The first of these is that the moving-coil
meter may also be referred to as the D’Arsonval
meter. This alternative term is frequently encountered
in American literature. The second point is concerned
with the term galvanometer. This term is sometimes
encountered in references to measuring instruments
and the impression is often given that the galvano-
meter is basically a moving-coil meter. Actually, a
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galvanometer is any instrument capable of measuring
or indicating the presence of small electric currents,
and 1t does not necessarily operate by moving-coil
principies.

ELECTRICAL DETAILS

The circuit symbol most commonly employed for
a standard moving-coil meter consists of a circle

Observer
4,
Pointer tip 7
/
J Incorrect scale reading
// bserved
o
Front surtace of i
scglc //
/

/

Y

X yd

(a)

Observer

A“
|
I
|
1
!

Pcinter tip i Correct scale reading
:‘ observed
|
|

\é/
)

Anti-parallax mirror

()

Fig. 4(a). If the pointer tip and meter scale
are observed from an angle, the resulting
parallax error causes an incorrect scale
reading to be taken
(b). Parallax error is absent when the observer
is directly above the meter scale
(c). A high-grade meter may incorporate an
anti-parallax mirror to prevent parallax error.
The observer moves his eye until the image of
the pointer in the mirror is directly below the
pointer itself

with an arrow inside sloping to the left, as in the two
examples of Fig. S5(a). A plus sign alongside onec
terminal indicates the manner in which the meter
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should be connected into circuit for correct deflection
of the pointer. The same symbol can also be em-
ployed for moving-iron and other types of meter but,
since the moving-coil instrument is almost invariably
employed in radio and electronic work, the presence
of a different type of instrument would normally be
indicated accordingly in the circuit diagram or accom-
panying text. The other types of meter would not, in
any case, require a plus sign to indicate desired direc-
tion of current. A centre-zero meter, which can only

e
Y,

(a)

O
(LF

Fig. 5. Circuit symbols for (a) a standard

moving-coil meter and (b) a centre-zero

moving-coil meter. The circuit lines may

approach the symbol vertically or horizontally

according to the layout of the circuit diagram
in which the symbol appears

be the moving-coil type, has the symbol shown in
Fig. 5(b), with the arrow vertical. Sometimes the plus
sign is omitted if the direction, on either side of zero,
in which the pointer is deflected is unimportant. The
current passed by the meter which causes the pointer
to be moved to the highest graduation on the scale is
referred to as its full-scale deflection (or fs.d.)
current, and it is usual to quote meter sensitivity in
terms of zero and the f.s.d. figure. Thus, a normal
instrument with an f.s.d. of 100mA is referred to as a

Shunt
A'A'A'A'A;
e e el e
Current P /\\
o/

Fig. 6. A meter may be made to indicate

higher currents by connecting a shunt across

it. (““Conventional’ current flow, from positive
to negative, is assumed here).

“0-100mA meter”. A centre-zero meter with an
f.s.d. of 100mA on either side of zero is described
as a *“100-0-100mA meter”. Sometimes a meter is re-
ferred to, loosely, as a “movement”, although such a
term really applies to its internal mechanism.

Like all other pointer instruments a moving-coil
meter absorbs power from the circuit in which it is
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connected. The instrument is basically a current in-
dicating device, whereupon the power that is absorbed
consists of the current flowing through the coil multi-
plied by the voltage dropped across the resistance
offered by the coil. A typical coil resistance for a
0-1mA panel mounting meter is 75Q. From the equa-

E
tion representing Ohm’s Law, R:T’ the voltage

dropped across the coil for a current of ImA then
becomes 75mV, whereupon the power absorbed for
full-scale deflection is 75uW. A meter of the same
basic construction, but with an f.s.d. figure of 100pA,
may have, typically, a coil resistance of 1,250Q. The
voltage dropped at f.s.d. is, in this case, 125mV, and
the power absorbed is 12.5uW. These figures indicate
the relatively low power requirements of the moving-
coil meter, and they apply to quite robust instruments
capable of being installed in equipment which may
be roughly handled. The second meter chosen just
now as an example will, of course, have more turns
on its coil, and it is interesting to note that this fact
not only results in an obvious increase in current
sensitivity but, also, a decrease in the power required
for full-scale deflection.

On its own, a moving-coil meter is intended for the
measurement of direct current. By suitably choosing
the requisite number of turns on the coil and design-
ing the remainder of the mechanism accordingly,
moving-coil meters can be manufactured to offer any
f.s.d. figure between two roughly defined limits which
are imposed by physical requirements. The lower of
these limits corresponds to the minimum f.s.d. current
figure which can be obtained without the coil wire
becoming too thin or the meter mechanism too
fragile for the proposed application. The upper limit
is the maximum f.s.d. current which can be carried
by the conductors in a practicable meter system, the
conductors inciuding the wire of the coil and the two
spiral springs through which the coil current passes.

It is always possible to make a moving-coil meter
(or a moving-iron or thermocouple meter, for that
matter) indicate a higher current than that for which
it has been calibrated. This is achieved by connecting
a shunt across its terminals, as in Fig. 6. A shunt is
a resistor of appropriate value in shunt (i.e. in
parallel) with the meter. To take an example, let us
assume that we have a 0-lmA meter and we want
it to give a full-scale deflection of 100mA. We achieve
this result by connecting across the meter a shunt
having a resistive value which causes 99mA to flow
through it when 100mA passes through the combina-
tion of shunt and meter in parallel. The remaining
ImA then flows through the meter. Thus, the 0-lmA
meter will now indicate f.s.d. for a current of 100mA,
whilst lower currents will be indicated by the meter
scale figures after these have been similarly multiplied
by 100. A meter manufacturer offering a range of
panel mounting meters with a wide variety of f.s.d.
figures can take advantage of shunts by manufactur-
ing a small quantity of basic movements and by then
fitting internal shunts as required to those having the
higher f.s.d. figures.

In next month’s issue we shall examine the subject
of meter shunts in greater detail and shall then turn
to the use of the moving-coil meter for the measure-
ment of voltage.

|
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[ 1MHz FREQUENCY SUB-STANDARD

UNIT
(Continued from page 287)

Disconnect the a.c. mains supply, fit the unit into
the diecast box and secure the front panel to the box
by means of the six bolts supplied. With the unit
finally mounted in the box, reconnect the a.c. mains
supply and switch on. Allow the unit to regain its
working temperature and finally re-check against the
5MHz MSF transmission.

OPERATION

It is often of advantage when using this unit to
disconnect the aerial so that extraneous beat notes
from received transmissions are not confused with
the 1MHz beats — although the latter are much
stronger than will be most signals likely to be received
on the aerial. It is also of assistance to use the re-
ceiver b.f.0. — set to the centre frequency — whereupon
an audio indication of the exact tuning point is
obtained.

The most useful application of the unit is as a
band-edge marker at the various MHz points,
especially on the higher frequencies where the
operator is likely to become confused with multi-
tudinous beats from a 100kHz crystal standard. [l

OSRAM CATALOGUE

A lamps and tubes catalogue giving up-to-date net
trade prices on all products has been published by
Osram (G.E.C.) Limited of Wembley, Middlesex.

The catalogue provides a comprehensive reference
to the complete range of Osram lamps and tubes.
This includes over 90 categories of Osram products,
from the sub-miniature indicator lamp with a bulb
of only a quarter of an inch diameter to the large
10 kilowatt lamp used for film and television studio
lighting.

Maximum trade information is provided in such
categories as GLS, discharge, photographic and pro-
jector lamps, and vehicle and miniature bulbs. This
includes details, where appropriate, of voltage, watt-
age, dimensions, light centre length and standard
packing quantities for each lamp, as well as net trade
prices.

Also available from Osram-GEC is a new pocket
booklet giving up-to-date net trade prices of the main
ranges of Osram GLS lamps, fluorescent tubes and
discharge lamps.

Both these publications are available on request
to the Publicity Department, Osram (G.E.C.) Limited,
P.O. Box 17, East Lane, Wembley, Middlesex.

3

THE RADIO CONSTRUCTOR

\

o > < &


www.americanradiohistory.com

Once again we find Smithy the Serviceman, aided as
always by his able assistant, Dick, hard at work on Christ-
mas Eve. Happily, there are much fewer sets than usual
to service this year, but this fact does not prevent Dick
from getting into one of his worst predicaments yet!

T WAS CHRISTMAS EVE.
Smithy unlocked the Workshop
door and, amidst a flurry of
snow, entered and switched on the
lights. He rubbed his hands to-
gether in a gesture that betokened
deep contentment with himself and
with the world around him.

The Serviceman’s sense of well-
being grew in intensity as he glanced
at the racks holding the receivers
which were in for repair. There
were only four sets requiring ser-
vicing and Smithy reflected cheer-
fully on the fact that this Christmas
Eve would be the first for many
years when the Workshop was not
overburdened by a prodigious mass
of domestic equipment which had
mysteriously failed just before
Christmas and which must be put
right for the Day. There had, ad-
mittedly, been a servicing rush but
he and Dick, by dint of Herculean
labours, had managed to clear out
nearly all the pre-Christmas work
during the preceding few days. Yes-
terday had been the worst and
Smithy grimaced momentarily at the
memory of his assistant’s behaviour.
Not only had that worthy tried
Smithy’s patience to the limit by a
never-ending series of technical
questions, but he had also displayed,
as the day went on, an increasingly
infuriating preoccupation with the
local Fancy Dress Ball which was
scheduled for yesterday night, and
in which Dick had some obscure
function to perform. The working
day had ended with Dick borrowing
from the Workshop a supply of
tools, insulating tape, adhesive, and
odd lengths of wire, all of these
being apparently nccessary for the
maintenance of the electronic equip-
ment at that Ball.

HALF-WAVE HEATER CHAIN

Smithy looked at the Workshop
clock, then dismissed all thoughts
of the previous day from his mind.
With the slightest suspicion of a
sigh, he walked over to the “For
Repair” racks, selected a small tape
recorder, carried it over to his bench
and settled down to work on it. The
fault was trifling and consisted mere-
ly of a broken mains input connec-
tion at the on-off switch. Smithy had
already spent quarter of an hour on
the following job, a small table
radio, when the door opened once
more to admit a further flurry of
snow and the figure of his assistant.
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Dick was clad in a raincoat and had
a very large scarf wrapped several
times around his throat and the
lower part of his face.

Dick walked over to Smithy’s
bench, deposited a collection of
small tools, together with a roll of
insulating tape and a cardboard car-
ton, on its surface.

“Here,” he remarked, “is that
stuff I borrowed last night.”

“Ta,” said Smithy, as he peered
into the receiver chassis in front of
him. “How did the Fancy Dress
Ball go last night?”

“The Ball?” replied Dick off-
handedly. “Not too bad, really.”

“Don’t say you didn’t go, after all
the nattering about it you did yes-
terday.”

“Of course T went,” said Dick in-
dignantly. “I was one of the people
organising things.”

“Fair enough,” commented
Smithy. “Well, see if you can now
apply your organising ability to
those remaining sets on the shelves.
With a bit of luck we should be able
to get finished nice and early this
year.”

Ignoring Smithy’s mild sarcasm.
Dick divested himself of his rain-
coat. However, he left the scarf in

your
work
-Shop

stayed firmly in position and com-
pletely covered both his neck and
chin. If Smithy had not been so
engrossed with the receiver he was
repairing, he would have noticed
that Dick’s mind was very obviously
burdened with thoughts which were
quite unconnected with servicing.
The preoccupied Dick walked re-
luctantly over to the “For Repair”
racks. He picked up a monochrome
television receiver and carried it
listlessly back to his bench. Fitting

place, carefully adjusting it so that it its plug into one of the mains
1000pF
300VAC.wkq
Limiter Main oot
HT+ —— 4 resistor tuse switch
STrrreg——i¢ Yy —— Tns
HT.rectifier 20a =z 1
Z160a
1000pF I H  Series heater
300V A.C.wkgT 4 rectitier L
+ + )
= [} AC.
200pF 2 22 100pF s

Heater
chain |

- +

‘\

Fig. 1. Simplified version of the heater and h.t. supply section

of the television receiver serviced by Dick. Both rectifiers are

silicon components, and the component values given are repre-
sentative of normal practice
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sockets at the bench rear, he
switched on and ‘looked inside the
back of the cabinet. Even after
allowing decent time for a series
heater thermistor, if fitted, to warm
up and achieve its low resistance, the
valves inside the cabinet refused to
exhibit any heater glow at all.

Irritably, Dick pulled out the
mains plug, took off the cabinet back
and checked the mains input fuse.
It was perfectly satisfactory.

20n

i 14 I AR

(Fig. 2). There was no reading. He
disconnected the prods, changed
them over, and reapplied them to
the diode. The meter needle shot
over to a half scale reading, then
slowly fell back to indicate a value
of around 15kQ.

“I haven’t half got a queer fault
here, Smithy,” called out Dick. “I’ve
got a silicon rectifier which shows
a low forward resistance when you
first apply the (estmeter prods to it,

) Y¥vy

16002

]

LLAE

To heater chain

Fig. 2. The manner in which Dick checked the rectifier in series
with the heater chain

Dick grunted and walked moodily
towards the filing cabinet in which
the service manuals were kept. Re-
turning to his bench he opened the
manual he had selected at its cir-
cuit diagram and examined the h.t.
and heater supply section. The
heater circuit consisted of a con-
ventional series chain using valves
with 0.3 amp heaters, and Dick’s
morosc expression changed margin-
ally to one of slightly aroused in-
terest when he noticed that the cir-
cuit was of the type which incorpor-
ated a series silicon rectifier. (Fig.
1). After examining the printed
board layout diagram in the manual
he located the point at which the
uppermost heater connected to this
diode. He switched his testmeter to
an ohms range and checked between
this point and chassis. The meter in-
dicated definite continuity along the
heater chain.

With his testmeter still switched
to the ohms range he next applied
his test prods across the rectifier.

after which it changes gradually to
a high resistance.”

Smithy forcefully deposited his
soldering iron on its stand, stood up
and walked over to Dick’s bench.

“Show me,” he commanded.

Dick reapplied his test prods to
the rcctifier, whercupon the meter
ncedle obligingly repeated its pre-
vious performance. Smithy glanced
at the service manual.

“You,” he remarked conversation-
ally, “are a twit. What’s happened
here is that the series hcater recti-
fier has obviously gone open-cir-
cuit.”

“Then why,” asked Dick, “am
I getting this peculiar forward re-
sistance reading?”

“Because,” snorted Smithy, “the
meter is passing a forward current,
not through the heater rectifier, but
through the h.t. rectifier. If you look
at the circuit you’ll see that the
meter couples into the h.t. rectifier
circuit by way of the heater chain,
the 1602 dropper resistor and the

NN

Amplitude

Time

Fig. 8. The current flowing in the heaters in Fig. 1 consists of
alternate rectified half-cycles, as shown here. The voltage across
the heaters has the same waveform
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202 limiter resistor. And the inijtial

kick in the meter needle is due to

the h.t. electrolytics charging up.”
“Then,” said Dick, reluctantly

accepting Smithy’s diagnosis, “all 1

necd to do here is to fit a new recti-

fier in scries with the heater chain.”
“That’s right.”

VOLTAGE TESTS

Smithy turned to make his depar-
ture, then his pace slackened. For
the first time that morning he re-
garded his assistant closely.

“Have you,” he asked, “got tooth-
ache or something?”

Dick looked uncomfortable.

“Why do you ask?”

“I've just noticed,” continued
Smithy, “that you’ve got a dirty
great scarf wrapped all around your
neck and chin.”

“Oh, that,” replied Dick, with an
exaggerated attempt at carelessness.
“I suppose you could say that I'm
having a bit of trouble.”

“Is this trouble,” queried Smithy
with interest, “a consequence of last
night’s festivities?”

“In a way it is,” said Dick, seizing
eagerly on a dillerent subject of con-
versation. “Do you know, Smithy,
that Fancy Dress Ball was a really
smashing aflair.”

“What did you go as?”

“I went as Father Christmas.”

]
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with the p.a. system,” replied Dick.
“As it happened though, everything
worked perfectly, and I was able to
concentrate on enjoying myself.”

“And did you?”

For the first time that morning a
smile, just visible over the edge of
the all-enveloping scarf, broke the
gloom of Dick’s face.

“I'll say I did,” he said enthus-
iastically. “It was one of the best
does I've been to for ages. It was a
real gas, man!”

“Well, I’'m glad you enjoyed your-
self,” replied Smithy, as he again
prepared to leave. “However, do
please hurry up now and get that
TV on your bench fixed up. I'm still
looking forward to getting finished
early today.”

The smile on Dick’s face slowly
disappeared as his thoughts were
brought back to the world of the
Workshop. He removed the chassis
of the tclevision receiver from its
cabinet, after which he walked over
to the spares cupboard in search of
a replacement rectifier. Returning, he
soldered this into position ‘in place
of the faulty component, connected
the receiver to the mains, and
switched on. After some moments,
the heaters produced a benign glow.

Dick decided to check the voltage
across one of the heaters. He
switched his testmeter to an a.c.
volts range and applied its prods

Selenium
rectifiers l
o .
\]; > ‘Swamp
= resistor
J)
=
Range >
switch = .
‘,‘ \ Basic
@~ movement

Fig. 4. Basic circuit illustrating the simple half-wave rectifier
arrangement encountered in some low-cost testmeters when

these are switched to read a.c.

volts. The lower rectifier prevents

high inverse voltages being applied to the upper rectifier, and

vice versa. The series “‘swamp" resistor takes up variations in

meter coil resistance, and the parallel resistor has a value which
suits the individual meter rectifier employed

“That doesn’” remarked Smithy
critically, “sound a particularly
original choice of fancy dress.”

“It wasn't meant to be,” returned
Dick, nettled. “The idea was that 1
should be dressed as Father Christ-
mas so as to give out prizes for spot
dances and things like that.”

“In that instance,” approved
Smithy, “the idea of dressing up as
Father Christmas was quite good.
Incidentally, if you were giving out
prizes, what did you want all those
teols and things for?”

“Just in case anything went wrong
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across the heater pins of a con-
veniently positioned 6.3 volt valve.

The meter indicated zero volts.

“Smithy,” called out Dick, “I've
got current obviously going through
a valve heater in this set but there’s
no voltage across it!”

Muttering to himself, Smithy once
more walked over to Dick’s bench.
He glanced at the valve indicated
by Dick’s finger and then looked at
the testmeter.

“With a heater circuit incorporat-
ing a series rectifier,” he pronounced
tersely, “you’re bound to get mis-
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leading testmeter readings. To start

" off with, you won’t get a correct in-

dication if your testmeter is switched
to read a.c. volts.”

“Well, isn’t it a.c. that’s going
through the valve heaters?”

“It’s certainly not sinusoidal a.c.,”
replied Smithy. “What you’re actu-
ally getting is a series of rectified
alternate half-cycles. Like this.”

Smithy took a pencil from his
pocket and scribbled out the half-
cycles on the margin of the service
manual. (Fig. 3).

“When a testmeter is switched to
a.c.,” he continued, “it only reads
accurately for sinusoidal a.c., and
the current that’s going through
these heaters is anything but sinu-
soidal. Come to think of it, it isn’t}
even a.c. at all, because when the
current does flow it always flows in
one direction only. The voltage has

2-5V torch bulb

the meter will then tell you the aver-
age direct voltage across that
heater.”

“And will that be 6.3 volts?”
© “Oh no,” said Smithy. “It will be
4 volts!”

Dick gave a gesture of despair.

“I’'m now,” he announced, “com-
pletely baffled!”

“Don’t let these disparities worry
you too much,” chuckled Smithy.
“What you have to remember is
that those heaters are warming up
to the temperature corresponding to
the r.m.s. value of the rectified cur-
rent. Now, the r.m.s. value of any
cyclically varying current is that
which gives the same heating power
as an equivalent steady direct cur-
rent. I don’t want to go into too
much detail here but it is a fact that
the r.m.s. value of the rectified cur-
rent in heaters run via a series half-

ORPI2

=

2y2*

Light - proof case

approx

Fig. 5. The simple assembly employed by Smithy for measuring

r.m.s. current, with the lid of the light-proof case removed. The

torch bulb may be one of the inexpensive types available at
chain stores

the same waveform as the current,
and if you tried to measure it with
a testmeter fitted with the usual
bridge rectifier and switched to a.c.
you’d get very misleading results.
The testmeter you've got therc is
rather a low-cost model, and it’s
only got a half-wave rectifier in
series with the meter movement in-
stead of a bridge rectifier. (Fig. 4).
That's why you got no reading at
all when you connected it to the
heater pins of that valve. If you
change the test leads over you'd get
a reading but I'd be very surprised
if it was anywhere near 6.3 volts.”

“Then how,” asked Dick, “do you
check that the correct heater voltage
is appearing across these valves?”

“One way,” said Smithy in reply,
“consists of using the testmeter
switched to a d.c. voltage range and
applying it across the heater of, say,
a 6.3 volt valve in the chain. Since a
moving-coil voltmeter, as is used in
a testmeter, reads average voltage,
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wave rectifier is 0.5 times the peak
value of the half-cycles, whilst the
average value, as would be indicated
by a moving-coil meter, is 0.32
times the peak value. It follows from
this that the average value is 0.64
times the r.m.s. value. Another way
of putting it is that the meter gives
an indication which is equal to 64 %
of the r.m.s. value. The same re-
lationships hold true for voltage.
The voltage across that 6.3 volt
heater of yours, as indicated by a
moving-coil voltmeter, will be 64%
of the r.m.s. voltage. 64% of 6.3
volts is, as near as dammit, 4 volts
and if you don’t believe me, go and
check it for yourself!”

The perplexed Dick distrustfully
switched his testmeter to a direct
voltage range and applied its prods
to the heater pins.

“You’re dead right, Smithy,” he
announced bemusedly. “The reading
I'm getting is exactly 4 volts. But
don’t ask me why!”

, ll

s L ~
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“These r.m.s. and average voltages
do tend to be confusing,” Smithy
consoled him. “In the meantime, are
you convinced that the present set-
up causes an average direct voltage
of 4 volts to appear across that 6.3
volt heater?”

R.M.S. CURRENT CHECKER

“Not entirely,” replied Dick stub-
bornly. “How can I be certain that
the r.m.s. voltage across that heater
really is 6.3 volts? Or that the r.m.s.
current in the chain really is 0.3
amp?”

Smithy pondered for a moment.

“That’s an awkward one,” he
said finally. “The trouble is that I
haven’t got an instrument available
which is capable of reading r.m.s.
voltage or current. Wait a minute,
though, I've got an idea! Could you
pop over to the spares cupboard,
Dick, and see if you can find an
ORP12 photoconductive cell? There
should be one or two knocking
around, as they were used quite a
lot in TV sets a few years ago.”

Pleased at the thought of poten-
tial activity, Dick went to the spares
cupboard. As he moved, his scarf
became partly dislodged and he
hastily re-adjusted it around his
chin,

Returning with the photoconduc-
tive cell, Dick was surprised to find
Smithy rummaging in the waste-bin.

“Ah, here we are,” said the Ser-
viceman triumphantly, as he pro-
duced a small cardboard box. “This
should’ just about fill the bill. Now.
I'm next going to remove the bulb
from the torch T use occasionally for
looking in dark cabinet corners.
Hmm! I see that it’s rated at 2.5
volts, which means that it should
run near full brilliance at 0.3 amp.
I'll now mount this bulb at one
end of the cardboard box and the
ORPI12 at the other. This shouldn’t
take more than a brace of shakes.”

Smithy quickly made up the
assembly he had mentioned. He
then fitted on the lid of the box.
(Fig. 5).

“This little cardboard box,” he
remarked with satisfaction, “should
be light-proof enough for present
requirements. Now, the gadget I've
just put together is going to act as
an r.m.s. current meter. The bril-
liance of the light from the bulb
will depend on the r.m.s. current
flowing through it, and we’ll check
that brilliance level by measuring
the resistance of the ORP12. What
we next need is a 6 volt battery and
a wirewound pot of about 5092 which
is capable of passing half an amp.”

“T think T've got a pretty large-
sized pot somewhere amongst my
junk,” said Dick keenly, as he
searched through his spares box.
“Ah, here it is!”

“Fine,” said Smithy. “Well, we’ll
first calibrate this gubbins of mine
with the aid of direct current. I'll
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bring over my own testmeter to
monitor the current flowing through
the bulb, and well use yours to
measure the resistance of the
ORPI12.”

Smithy socon assembled his cali-
brating circuit. (Fig. 6(a))

“If”, he remarked, “you check
the resistance given by the ORP12
T'll vary the current in the bulb.
Okay?”

Testmeter
oh current range

3

00 50n

+

“I've got 0.3 amp going through
the bulb now. What’s the corre-
sponding resistance?”

“1.2kQ2”

“And I've now got 0.4 amp in the
bulb.”

“The resistance,” stated Dick,
300Q.”

“Excellent,” said Smithy, discon-
necting the battery, variable resistor
and meter from the bulb. “Switch

Testmeter
on ohms range

%

°o

2:5v butb — 17

:'-_" :+
2
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Temporary
short-circuit

To heater
chain

Fig. 6(a). Calibrating

the bulb and photoconductive cell

assembly of Fig. 5. These two components are shown here in
circuit symbol form

(b). Using the assembly to check the r.m.s. heater current in

the circuit of Fig. 1.

The temporary short-circuit protects the

bulb from switch-on current surges

“Sure,” replied Dick. “I'm all
ready.

“nght” said Smithy as, looking
at the current-indicating meter, he
adjusted the variable resistor. “I'm
now putting 0.2 amps through the
‘bulb. What’s the resistance of the
ORP127”

“11kQ.”

DECEMBER 1969

» R

off that TV and I'll wire the bulb
in series with the heater chain. A
convenient point will be at the serics
rectifier itself. The heater chain in
this set doesn’t have a series ther-
mistor to keep the initial heater cur-
rent low, and so I'll short-circuit
the bulb connections with a screw-
driver until the valves are warmed

o A

a .
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up again, in case the initial surge on
switching on again burns it out.”

Smithy busicd himself with the
soldering iron and completed his
connections. (Fig. 6 (b)).

“Switch on again,” he called out,
holding a screwdriver with an in-
sulated handle against the temporary
connections he had made on the
board.

Smithy waited a few moments un-
til the heaters were glowing at full
temperature then, with a grandoise
gesture, withdrew the screwdriver.

“Gosh,” said Dick, awed. “The

a 9 volt battery in this case because
of the 12Q resistor in series with the
bulb. 1 calibrated our own unit at
0.2, 0.3 and 0.4 amps only, because
I merely wanted to be sure that
there was a wide variation in ORP12
resistance for bulb currents on either
side of 0.3 amp. If you’re making
up a permancnt bulb and photo-
conductive cell assembly, it would
be better to calibrate at 0.25 and
0.35 amps as well. You could then
make out a little graph showing
ORPI12 resistance against bulb cur-
rent and stick it on top of the box.”

12n

-— To pins 4
and 5 of
B9A plug

|
|
i
i
!

2watt
-

—_1
{
N Terminals
§ = for
J ohmmeter

Fig. 7. A more comprehensive version of the bulb and photo-
conductive cell assembly. The push-button short-circuits the bulb
until depressed, and protects it from switch-on surges

resistance of that ORP12 is almost
exactly 1.2k. Just as we had with
0.3 amp d.c. going through the
bulb.”

“Are you now convinced,” asked
Smithy, “that the r.m.s. current in
those heaters is 0.3 amp.?”

“I am,” replied Dick with convic-
tion. ‘““Incidentally, that bulb and
ORPI12 combination seems to repre-
sent a jolly good idea for checking
r.m.s. heater current in these heater
chains with series rectifiers.”

“The approach,” said Smithy
modestly, “isn’t exactly new, but 1
should imagine that there are quite
a few people who haven’t heard of
it before. If you felt like doing so,
you could easily assemble the gadget
more permanently in a wooden box
so that it becomes a fully-fledged
servicing aid in its own right. A
good idea would be to put a 122 2
watt resistor in series with the bulb
and connect the two to a length of
flex terminating in pins 4 and 5 of
a BY9A plug. (Fig. 7). The bulb and
122 resistor will then drop about
6.3 volts at 0.3 amps. When you
want to check the r.m.s. current in
a TV heater chain with a series
rectifier, you simply remove any 6.3
volt valve and put the BY9A plug in
its place.”

“What about calibration?”’

“Obviously,” replied Smithy, “the
calibration will vary for different
bulbs and photoconductive cells, and
so you need to calibrate the device
after it's been made up. Just pass a
current through the bulb and series
resistor in the same way that we did,
although it will be necessary to use
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“That sounds an excellent idea,”
said Dick. “I think I'll make one up
for myself after the Christmas holi-
day.”

POLYMERISATION

Absent-mindedly, Smithy’s assis-
tant tugged his scarf even higher
over his chin.

“I wish,” said Smithy a little irrit-
ably, “you’d remove that scarf of
yours. It’s unhealthy, to my mind, to
wear a hot thing like that indoors.”

The Serviceman reached over
decisively and grabbed a protruding
end of the scarf.

“Hey,” called out Dick in alarm.
“Leave that scarf alone.”

“I'm jolly well going to take it off
you,” returned Smithy firmly. “I’m
getting fed up with looking at the
darned thing. Ah, here it comes.”

“No, Smithy!”

“That’s got it,” stated Smithy with
satisfaction, as he finally managed
to unwind the scarf from his fiercely
protecting assistant. “Ye gods, what
in heaven’s name is this?”

Completely dumbfounded, the
stricken Serviceman staggered back
to a stool and sat down. His jaw
sagged to its lowest possible level,
and he stared with utter incredulity
at his assistant.

Stretching all the way from Dick’s
chin to his waist was a thick luxuri-
ant beard of the most immaculate
whiteness. Immediately beneath his
chin it was some nine inches wide,
and it gradually tapered to a width
of about six inches at its lower and
exceptionally fluffy extremity. The
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effect of this magnificent appendage
was only marred by what appeared
to be a dangling moustache hovering
over Dick’s chin itself.

Smithy eventually managed to re-
peat his question.

“What,” he stuttered, “is it?”

“It’s my Father Christmas beard
from last night,” wailed Dick. “1
can’t get the flaming thing off!”

“Can’t get it off?”

“It’s stuck to my chin,” lamented
Dick. “I spent half an hour trying
to get it off this morning and that’s
why I was late.”

Smithy had, by now, recovered
part of his usual composure, and he
decided to analyse the situation.

“The last time,” he remarked
thoughtfully, “I heard of someone
dressing up as Father Christmas, the
beard he used was made of cotton-
wool.”

“This one,” replied Dick bitterly,
“Isn’t cotton-wool, mate, it’s the real
thing. 1t was borrowed from some
theatrical outfitters and it’s got real
hair together with a moustache, and
hook things to go over the ears.”

Dick sighed despairingly as he
considcred the events which had led
up to his present predicament.

“When,” he went on, “lI put the
beard on last night it fitted almost
perfectly, the only snag being that
it kept flapping about round my
chin. So T decided to stick it down
at the chin with a spot of adhesive.
After that I forgot all about it and
just concentrated on having a good
time at the Ball.”

“Didn’t you,” asked Smithy, “take
it off when you went to bed?”

“When 1 finally got to bed last
night,” replied Dick, carefully, “I
was very tired.”

“Tired?”

“Tired,” repeated Dick firmly. “1
was certainly far too tired to think
about such minor matters as the re-
moval of a false beard. Then, when
I woke up this morning, I found
that the damned thing was stuck
completely and irremovably to my
chin.”

“So far as I know,” said Smithy
knowledgeably, “the adhesive you
need for sticking on false beards
and things like that is spirit gum.”

“Is it?” remarked Dick disin-
terestedly. “I didn’t have any of that
with me last night and so I used
some of the adhesive you lent me.”

For the second time that morning,
Smithy’s jaw dropped open to its
fullest extent.

“T used it just as you told me to,’
continued Dick artlessly. “I mixed
together equal parts of resin and
hardener from the two separate
tubes in the carton, then applied
them to my chin. The mixture wasn’t
very sticky at first, but it seemed to
get better as the evening went on.”

“I should jolly well think it would
have done,” spluttered Smithy as,
aftcr some moments, he regained his
voice. “Why, you steaming great nit,
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that adhesive I lent you was epoxy
resin! Apart from the fact that you
shouldn’t get epoxy resin on the skin
in any case, it was the very last thing
you should have used in this partic-
ular instance since it’s pretty well
the most powerful adhesive going.
Secing that you’ve kept the mixture
of resin and hardener nice and warm
all evening and night, it should be
just about fully polymerised - by
now.”

“Polymerised?”

“Cured.” explained Smithy short-
ly. “Set hard. Epoxy resin isn’t an
ordinary adhesive with a solvent
which evaporates, it’s a thermo-
setting plastic. You’ve now got your
chin firmly embedded in a layer of
hard plastic, to which is also secured
that great ludicrous beard!”

“This,” moaned Dick, “is as bad
as the Man in the Iron Mask. Have
I got to go through the rest of my
life with this beard stuck on me?”
”Smilhy examined the beard critic-
ally.

“Do you know,” he remarked
judicially, “I'm beginning to think
that it rather suits you. At least, it
isn’t one of those horrible scraggy
little things so many of the young-

sters seem to be sporiing these
days.”

Dick received this remark in
suffering  silence.  Suddenly, a

thought occurred to him.

“It was you,” he said accusingly,
“who lent me the adhesive in the
first place.”

“I know I did,” snorted Smithy,
outraged at the implied charge in
Dick’s statement. “But I thought you
wanted an adhesive for this p.a.
maintenance work you kept rabbit-
ting on about. I didn’t think for
one moment that even you could be
SO moronic as to start putting it on
your face.”

THE ODD DROP

“I suppose,” remarked Dick

morosely, “it was a bit stupid of
me.”
“T'll say it was,” agreed Smithy,
heartlessly.  “Fortunately, wec’ve
nearly done all the sets that need
fixing for today so, when we’re com-
pletely finished, I'll sce what T can
do to get you and that beard separa-
ted from each other.”

“Good old Smithy,” said Dick
warmly. “I knew you’d help me
out.”

“I'll do my best,” replied Smithy
cautiously. “But let’s start thinking
about work again now. Did you fit
the replacement series heater recti-
fier in that TV set with correct
polarity? This is an important point
because, with some sets, the rectified
half-cycles in the heater chain are
used for such things as providing a
bias voltage, after smoothing, for
the vertical output valve, and for
things like that. (Fig. 8). If the
series rectifier is fitted wrong way

DECEMBER 1969

Bias to vertical 470kn

output valve

470kn

Heater chain

i

Fig. 8. In this diagram, a negative bias voltage for the vertical

output valve is taken, after smoothing by the resistors and capaci-

tors shown, from a point near the centre of the rectifier-fed series

heater chain. This arrangement is employed in the Thorn 981
series of TV receivers

round it causes the biased stage to
work incorrectly.”

After a quick inspection, Dick
announced that the replacement
rectifier had, indeed, been connected
into circuit ‘with correct polarity.
He and Smithy then quickly set to
on the remaining work. After a
pcriod of little more than 20
minutes, the last set for the day was
triumphantly carried over, by Dick,
to the “Repaired” racks.

On returning, Dick discovered the
Serviceman in the process of ex-
tracting somc objects from the cup-
board under his bench. There was
the pleasant tinkle of bottle and

glass.
“l haven’t forgotten that it’s
Christmas,” pronounced Smithy

checrfully, as he handed a charged
glass to his assistant. “So herc’s a
little something to celebrate the fes-
tive season.”

“Thanks, said Dick
gratefully.

“And,” continucd Smithy, “let me
wish you a very Merry Christmas.”

“The same to you, too.”

The pair sipped the golden liquid
in their glasses appreciatively.

“Put the ear-hooks up” said
Smithy suddenly. “Let’s see what
you look like with the full set.”

“Okey-doke,” replied Dick agree-
ably.

Dick suitably adjusted the hooks
in question, whereupon the white
moustache which had previously
dangled in front of his chin
obligingly took up its proper station
under his nose.

“Most effective,” commented
Smithy, obviously impressed. “Well,
let us next be upstanding.”

The pair stood and held up their
glasses.

“Let us now,” pronounced the
Serviceman, “wish a very Merry

Smithy,”

1
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Christmas to all the readers who'’ve
put up with us over thesc last 12
months. A truly Happy Christmas
to all of you!”

They both drank deeply.

“And,” added the unwontedly
hirsute Dick, “let’s end up as we
have done on so many previous
years, by saying ‘God Bless Us,
Every One!’’

EDITOR’S NOTE — Readers must
not, of course, follow the example
of the hapless Dick and purposely
apply epoxy resin, or for that
matter any other enginecering ad-
hesive, direct to the skin. If epoxy
resin comes in contact with the
skin it should be removed by
rubbing with a domestic detergent
and then rinsing with warm water.
The product can give rise to
irritation with sensitive skins.

LAST LOOK ROUND
® BUILD

A simple little medium wave
receciver as a 2-transistor circuit
operating an earphone or as a
3-transistor set driving a speaker.
Few components nceded and oppor-
tunity exists for experiment with
these to obtain good results with
the AFI126 and OC75 employed
in the design. See January issue.

® CHECK

In the article entitled New Lift
for “Midget Receivers” published
in the October 1969 issuc, the
value of the output valve cathode
bias resistor, RI0, was given as
250k 1 watt. This should, of course,
have been 2500 1 watt.
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CHRISTMAS GIFT OFFER

SUPER SWISS WATCHES
GENTS WRISTWATCH

Ultra-modern styled watch complete
with expandin%. bracelet in luxurious
golden finish. 21-jewelled Swiss move-
ment with automatic DAY and
DATE indication in black and white
clearcut figures. Centre second hand.
All hands and 5-minute batons in attrac-
tive gold colour. One of the cleanest
and clearest dials we've seen. Water
protected and anti-magnetic. Electronic-
ally timed and tested. Screwback stain-
less steel back. 51X MONTHS WRITTEN
GUARANTEE. List Price £6.14.0

Special Offer Prices plus 3/- P&P

RUSSIAN OPIICAL PRECSION <3, CAR COMPASS

LADIES WRISTWATCH

Very attractive ladies watch in a luxurious
goiden finish, with matching expanding
bracelet. 21-jewelled Swiss movement with
automatic date change. Handsome white
dial with golden colour batons and numerals.
Centre second sweep hand, minute and hour
hands also in gold. This watch was specially
selected for its attractive and easy-to-read
dial design. Water protected and anti-
magnetic. Electronically timed and tested.
Screwback stainless steel back. SIX MONTHS
WRITTEN GUARANTEE. List Price £4.19.6

Special Offer Price 67/6 plus 3/- P&P

his camera is with-
out doubt the best
value camera on the N
market today. Re-
viewed by ‘Amateur
Photographer’ in
1964 who judged it
excellent value for
money and ‘capable
of making first class
TRARLE T ANYER exhibition prints of
170 TAKE PROFESSIONAL) 20 x 16 inches’,
-IQUAIIrYPIIOIDGRAPHS' SPECIFICATION:
3 element F.4 lens.
S-speed shutter 1/15th to 1/250th sec. S stops f.4 to f.16. Delayed
action mech. allows self portraits. Depth of field indicator. Accessory
sPh%e.CFIEash sgckgt.éupp||i-eI(;Tc%n[1p(l§te£zvilt: i6nstruction booklet & superb
V.C. Ever Rea ase. ICE £6.14.6.
U Special Offer Price £5-0-0 plus 3/6 P&P

Extremely accurate com-
pass manufactured by
Sherrill Corporation of
America, suppliers to
the U.S. Government
and Armed Forces, Fully
compensatable with avi-
ation type regulator
magnets controlled by
nylon gears. Leakproof
under a wide range of
temperatures. A scien-
tifically designed instru-
ment for all motorists and especially ‘mobile’ transmitter
operators. Easily fitted. List Price 39/6.

Special Offer Price 29/6 plus 2/6 P&P

INFLATABLE ARMCHAIRS

Float on Air in a Bubble Chair. Trendsetting inflatable furniture that stores in a
drawer. Tough vinyl material ensures long life. (Accidental punctures easily
repaired). Available in gorgeous colours: Orange, Blue, Yellow, Black and

Transparent. List Price 90/-.
Special Offer Price 69/6 plus 4/6 P&P

EMBOSSING AHST:\;HILL
PR Ess mranie ]par.k_

41

PICTURES BIACK &
WHITE OR COLOU

Sunningdale

Ad4
Emboss your own notepaper, etc. and eliminate printing costs. Most useful home
and office accessory that brings prestige to correspondence and avoids errors in
replies. Choice of five print styles, as illustrated. (Print styles shown approx. half
size). Choice of ‘in line’ or ‘staggered’ setting. New dies readily available when
required. (Please note that there is a limit of 20 letters or figures per line). CONWAY VALE 1.ALBERT ROAD
speciaL PRICE:  39/6 tor 4 tines B9/6 tor 5 tines  POST FREE Ad6 A43
F}'?éiﬁﬁgg;ﬂ?;ﬂgﬁ;{'{‘?: | enclose cheque/crossed postal order (made payable to Flairline
Gents Wristwatch.................. Supplies) for €......oovveiie
Ladies Wristwatch.................
Cosmic 35 Camera.......... po00ao NV Z, 0 an0an0a0a0000000000000000880000060000a0000600a00000000000A6660060000000a00a 00600600080
CarCompass..............ceeeuens
Inflatable Armchair. . ) AD D RE S . . it i
{Colour required ............... P
Embossing Press..................
(Style of type required......... ) e g
(Address ‘in line’ or staggered) BLOCK CAPITALS PLEASE
.................................. ALL GOODS SUPPLIED UNDER SEVEN-DAY MONEY-BACK GUARANTEE
FLAIRLINE SUPPLIES & <iarressuny avenve, Lot
52 SHAFTESBURY AVENUE, LONDON, W.1
314 THE RADIO CONSTRUCTOR'
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SMALL ADVERTISEMENTS

Rate: 9d. per word Minimum charge 12/-
Box No. 2/- extra.

Advertisements must be prepaid and all copy
must be received by the 4th of the month for
insertion in the following month’s issue. The
Publishers cannot be held liable in any way for
printing errors or omissions, nor can they
accept responsibility for the bona fides of
advertisers. (Replies to Box Numbers should
be addressed to: Box No. ——, The Radio
Constructor, 57 Maida Vale, London, W.9.)

SERVICE SHEETS. Radio, Television, Transistors, Tape
Recorders, Record Players (1925-1969). S.AE. en-
guiries.—Hamilton Radio, 54 London Road, Bexhill,

ussex.

BUILD IT in a DEWBOX robust quality plastic cabinet.
2in. x 24in. x any length. S.AE. for details. D.E.W.
Ltd., 254 Ringwood Road, Ferndown, Dorset. Write
now—right now.

BOOKS FOR SALE: Earth’s Envelope, Theo Lobsack
10/-, Space Research & Exploration, D. R. Bates 15/-,
Practical Yacht Racing, Schiottz 15/-, Yacht Racing,
Sturgess £1, Faster Sailing, Bavier 10/-, The Story of
Atomic Energy, Soddy 7/6d., Radioisotope Laboratory
Techniques, Faires 7/6d., Atomic Medicine, Behrens
15/-, Medical Radiation Biology, Ellinger £1, Sunday
Times & Life World Library Volumes: Brazil, S.E.
Asia, Israel, Italy, Russia, Mexico, Greece, Africa,
Germany, France, India, Britain, Japan, Scandinavia,
12/6d. each, Life Science Library: Wheels, Mathe-
matics, Man & Space, Planets, Energy, 12/6d. each,
The Colour of Canada, £1, Science Survey 3, Vista
Ilgggks £1, Science Today & Tomorrow 10/-. Box No.

4.

UFO DETECTOR CIRCUITS. Data, 10s. (refundable).
Para-‘rilhlysical Laboratory (UFO Observatory), Down-
ton, Wilts.

ATTENTION. Radio Constructors, Amateurs, Hi-Fi and
Electronic addicts. We can supply all you need at com-
petitive prices. Send 9d. for lists to: Inventronics, 14
Elizabeth Drive, Ferrybridge, Yorkshire.

“MEDIUM WAVE NEWS” Monthly during DX season.
——ch(:tails from: K. Brownless, 7 The Avenue, Clifton,
York.

FOR SALE: Metal Rectifier, Radiospares Type REC22,
30/-. Push-pull Interstage transformer, Repanco Type
TT4, 7/6d. Pair Mullard OC36 transistors, unused, 35/-.
Heat sink to match, 10/-. 0-200mA meter, 21in. diam.,
flush mounting, 10/-. 0-40mA meter, 2in. sq. f.m., 15/-.
50 assorted resistors, £1. 25 assorted capacitors, £1.
Box No. F379.

MUSICAL MIRACLES. Send s.a.e. for details of Drum
Sound Modules, versatile bass-pedal accompaniment
unit, self-contained with unique effects. Kits for Waa-
waa pedals 47/-. Also 50uA meters 25/- each. New.
D.E.W. Ltd., 254 Ringwood Road, Ferndown, Dorset.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
Services to members including Q.S.L. Bureau, Ama-
teur and Broadcast Translation, Technical and Identifi-
cation Dept.—both Broadcast and Fixed Stations, DX
Certificates, contests and activities for the SWL and
transmitting members. Monthly magazine, Monitor,
containing articles of general interest to Broadcast and
Amateur SWLs, Transmitter Section and League
affairs, etc. League supplies such as badges, headed
notepaper and envelopes, QSL cards, etc., are available
at reasonable cost. Send for League particulars. Mem-
bership including monthly magazine, etc., 35s. per
annum. Secretary ISWL, 60 White Street, Derby:

(Continued on page 317)
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BENTLEY AGOUSTIGC GORPORATION LTD.

38 Chalcot Road, Chalk Farm, The Old Police Station
LONDON, N.W.I. Gloucester Road
0l - 722 9090 LITTLEHAMPTON, Sussex

Please forward all mail orders to Littlehampton PHONE 6743

5Z4G 7/~|ECC189 9/6 PC900 8/3|UABCB0 6/-|ADI40 7/6|BYZ I 5/~
6AT6 4/-|ECFB0 6/6|PCCB4 6/3|uBCBI 7/-]ADI149 B/-I1BYZ12 5/-
6/30L2 12/6|ECFB2  6/6,PCCB5 6/6|UBF80 5/9|ADiI62 9/-|BYZI3 5/

BW6 12/9\ECFB6 9/—|PCCB8 9/9|UBFBS  6/9|AFI06 10/-[QA70 3/
6BW7 1 1/~|ECH42 10/=|PCC8Y 9/6{UC92  5/6|AF114 4/-|OA79 1/9
6F23 13/3[ECH8I 5/9|PCC189 10/6{UCCB4 8/-(AFII5 4/3j0ABI /9
6L6GT 7/9|ECH83 8/-|PCF80 6/6|UCCB5 6/9|AF119 3/-[OA90 2/6
20P4 18/6/ECH84 716|PCF82 6/3|UCF80 B/3|AFI21 6/-[OA9I /9
30CI5 t13/~|ECLBO 6/6|PCF84 8/-|UCH2I 9/-|AFI25 3/6|OA95 (/9
30CI17 17/-|[ECLB2 6/~ PCFB6 9/~-|UCH42 13/-|AFt26 5/-[OA200 I/-
30Ct8 11/6|ECLB3  9/-|PCF801  7/-|UCHBI 6/6|AFI39 13/-10A202 2/
30F5 16,-|ECL86 8/-|PCFBO2  9/-|UCLB2 7/-|AFI80 9/6|OC22 5/—
30FLI 15/-]EF22  12/6|PCLB2 7/-|UCL83 10/-|AFI86 11:-]OC23 5/-
30FLI2 16/-|EF41  10/-|PCL83 9/-|UF41 ~ 10/-|AF239 7,6/OC24 5/
30FLI4 12/6|EFBO . 4/6|PCL84 7/6|UFBG  6/9|BAI02 9/-(QC25 5/-
30L15 13/9|EF85  5/3|PCL8S 9/-|UF8s  6/9|BAII5 2/8|0C26 5/
30L17 15/6|EFB6  6/3|PCLB6 8/6|UFB6 9/-|BAI29 2/6]0C28 5/-

0P4 12/-[EF89  5/-|PEN45DD 12/-|UF89  6/9|BAI30 2/-|OC30 5/
30P4MR 17/6|EF91  3/3|PFL200  12/6|UL4]1 10/6(BCI07 4/-lOC35 S/
30P12 13/9|EF183  &/-~|PL36 9/6/ULB4  6/6|BCI08B 3/6/OC36 7/6
30P19 12/-(EFI84  6/-(PL8I 7/3JuMB0  6/6|BCII3 5/~|OC38 8/6
30PLI 15/-|EH30  7/6[PLB2 6/6|UY4]  7/-|BCII8 4/6|OC4l 10/-
30PLI3 15/6|EL33  12/-|PL83 6/6|UYBS  5/9|8CYI0 5/-|OC44 2/-
30PLI4 15/-{EL4]  10/3[PL84 6/6|2N404 6/-|BCY12 5/-|OC45 /9
CL33 18/6[ELB4  4/9|PL500 . |3/-|2N1756 10/-|BCY33 5/-/0C46 3/-
DY87 5/9|EL95  5/3|PL504 13/6|2N2147 17/-[BCY34 4/6(OC70 2/3
EBBCC 12/-|EM80  7/-{PL509  28B/9|2N2297 4/6{BCY38 5/-|QC71 2/-
EABCS0 6/-|EMBI  7/6/PL802 15/-|2N2369 4/3|BCY39 4/6/0C72 2/-
EAF42 8/9[EMB4  6/6/PY33 10/-]2N2613  7/9IBCZI] 3/6|QC74 2/6
EBSI 2/3|EMBS  11/-|PY8I 5/3|2N3053 6/6|BDI19 9/-/OC75 2/-
EBCA4I 9/6|EMB7  7/6{PY8B2 5/-[2N3121 50/-|BFY50 4/-[OC78 3/-
EBCBI 5/9|EYSt  7/6(PY83 5/9/2N3703 3/9|BFY51 4/-|OC78D 3/-
EBF80 6/9|EY87  6,6/PY88 6/9/2N3709 4/-|BFY52 4/6|OC81 2/-
EBF83 B/-(EZ40  7/6|PYBOO 7/6|2N3866 20/+[BFI59 5/-|OCBID 2/—
EBFB9 6/3|EZBO  4/6|PYBOI 6/9|2N3988 10/-[BFI63 4/-|0C82  2/3
EC92 6/6]EZBI  4/9(UI% 34/625323  10/-|BFI173 7/6{OCB3 2/-
ECC8I 3/9|HVR2  8/9|U25 13/-|AAI19 3/-|BFI80 6/-|OC84 3/-
ECC82 4/6/KTW62 10/-|U26 11/9|AA120  3/-[BYI00 3/6|OCI23 4/6
ECCB3 4/6|PABCB07/3|U37 34/I1]ACII3  5/-[BYI05 3/610CI69 3/6
ECC84 5/6|PC86  10:3|U19I 12/6|ACI27 2/-|BY114 3.6/0CI72 4/-
ECC85 5/6}PC88 10/3;U301 11/-|ACI54 5/-|BY126 3/-[OC200 4/4
ECCB6 8/-[PC95  8/3|U404 7/6|ACI56 4/-|BY127 3,6|QC202 4/6
eEcces 7/-PC97  8/6/UBO) 19/6]ACI57 5/-|BYZI10 5/-|OC203 4/6

Terms of business: Cash with order only. No C.O.D. Post/Packing &d. per item.
Orders over £5 post free. All orders despatched same day as received by first
class mail. Complete catalogue including transistor section and components
with terms of business 10d. Any parcel insured against damage in transit for

6d. extra. Business hours 9 2.m.—5.30 p.m. Saturdays 9 a.m.-] p.m.
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TECHNICAL TRAINING by

IN RADIO, TELEVISION
iICS

AND ELECTRONIC
ENGINEERING

First class opportunities in Radio and Electronics await

the 1CS trained man. Let ICS train YOU for a well-paid

post in this expanding field.

ICS courses offer the keen, ambitious man the oppor-

tunity to acquire, quickly and easily, the specialized

training so essential to success. 3

Diploma courses in Radio TV Engineering and Servicing

Electronics, Computers, etc. Expert coaching for:

* C.&G. TELECOMMUNICATION TECHNICIANS CERTS.
C. & G. ELECTRONIC SERVICING

R.T.E.B. RADIO AND TV SERVICING CERTIFICATE
RADIO AMATEURS EXAMINATION

P.M.G. CERTIFICATES IN RADIO.TELEGRAPHY

Examination Students Coached until Successful.

NEW SELF-BUILD RADIO COURSES

Build your own 5-valve receiver, transistor portable,
signal generator, multi-test meter and professional-type
valve voltmeter—all under expert guidance.

POST THIS COUPON TODAY and find out how ICS can
help YOU in your career. Full details of 1CS courses in
Radio, Television and Electronics wiil be sent to you by

return mail.
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COL! FGFS

[ KRR

NAME

I ADDRESS

1
|
Block Capitals Please I
|
!
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Listen to the g
world with i}
Eddystone

When you own an Eddystone ¢
communications receiver, you have the 1§
broadcasting world at your finger tips — 3
wherever you happen to be — on land or ’

at sea. The reputation these sets have attained is proof of their excellence
and reliability and at Imbhofs, there is a special Eddystone department.
where you can see, hear and compare all models listed here.

Same day despatch to any part of the world; free delivery in the U.K.;
plus after sales service for which Imhofs and Eddystone are world famous.
EDDYSTONE EB35 Mark I1 broadcast receiver AM/FM transistorised.
A high performance all-band receiver, can also be used asa ‘Hi-Fi’ tuner.
Powered by 6 SP2 torch cells, or, with Type 924 power supply unit, from
AC mains. £82.4.9d.

EDDYSTONE 940 (13 valve) communications receiver. A connoiseur’s
instrument combining ‘Professional’ appearance with performance; has a
world-wide reputation, two RF stages ensure high-sensitivity. £153.0.0d.
EDDYSTONE EC10 transistorised communications recciver. An en-
thusiast’s receiver at a modest price. Embodies features usually only found
in much more expensive designs. Powered by 6 SP2 torch cells or Type 924
power unit (AC).  £59.10.0d.

EDDYSTONE EC10 Mark Il transistorised communications receiver,
A de-luxe version of this famous design now incorporating ‘S’ meter and
limited fine tuner. £69.10.0d.

EDDYSTONE EA12 ‘Ham Band’ receiver. Built to professional stan-
dards but specifically for the amateur enthusiast. High sensitivity for all
reception modes CW, MCW, AM and SSB. FSK adaptor available as
ancillary £195.0.0d.

EDDYSTONE EY11 a variant of the EC10 tailored to the requirements
of the small off-shore boat owner. Available shortly.

There is an Eddystone Communications receiver for any frequency between
10k Hz and 1000 MHz full details from Imhofs or your local Eddystone agent.

DISTRIBUTORS EddyStone

Dept: RC 12
112-116 New Oxford Street, London, WC1 Tel: 01-636 7878

R36B

INTERNATIONAL

~ WAVE
) LEAGUE

i ey &

Membership 35s. 0d. per annum (U.S.A.
$5.00) including 12 monthly issues of
Monitor — the League journal. Including
free use of all Services, QSL Bureau, etc.

THE LARGEST S.W.L. ORGANISATION
IN THE WORLD

For full details write to:
The Secretary,
LS.W.L.,
60 WHITE STREET, DERBY

RADIO
CONTROL FOR
MODELS

~ RADID
ado.fa CONTROL FOR
MODELS

SHIPS, BOATS and AIRCRAFT
By F. C. JUDD

With sections on servo-
mechanisms by

RAYMOND F. STOCK
More than 200 illustrations — circuits,
working diagrams, photographs & tables.
Each page is packed with information.

192 Pages
I5s. ...

This book is basically an amalgamation of *‘Radio
Control for Model Ships, Boats and Aircraft” and
“Radio Control Mechanisms’”. Additional material
has been added on Multi-Channel Operation; Tran-
sistorised Radio Control Receivers—Simple and
Three-Channel; A Compact Efficiency Aerial; Deac
Battery Information; Licence Conditfons, etc.

— o ——— — — — s S e deew e

To Data Publication Ltd., 57 Maida Vale, London,
wW.9

Please supply....... copy(ies) of your publica-
tion “RADIO CONTROL FOR MODELS” DATA
BOOK No. 16.

I enclose cheque/crossed postal order for.. .. ...
NAME . ’ SO
ADDRESS .

BLOCK LETTERS P
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SMALL ADVERTISEMENTS

Continued from page 315

FOR SALE: Four Mullard RGI1-240A rectifier valves,

with high voltage insulation filament transformer, suit-
able usc in pairs. £5. Box No. G100.

FOR SALE: UNTESTED Germ. p.n.p. equivalent OC44,
45, 71. 50-12/6. 10-2/9d. D. G. Perry, Graymare, Lost-
withicl, Cornwall.

ASSORTED LOTS OF USED COMPONENTS. Re-
sistors 15/- for 50. Capacitors 10/- for 20. Box No.
G102.

WORLD DX CLUB covers all aspects of SWLing on
Amateur and Broadcast Bands through its monthly
bulletin “Contact”. Membership costs 25s. a year. En-
quirtes to Secretary, WDXC, 17 Taunton Road, Bridg-
water, Somerset.

TOROIDS FOR SALE: 550, 475, 500, 395, 480, 270,
210mH. 5/- each. Box No. G104.

WANTED: Line output transformer, Murphy television
V310A. Reasonable. Weaver, 53 Kennylands Road, Son-
ning Common, Reading, Berkshire.

POSTAL ADVERTISING? This is the Holborn Service,
Mailing lists, addressing, enclosing, wrappering, fac-
simile letters, automatic typing, copy service, campaign
planning, desngn and artwork, printing and stationery.
Please ask for price list.—The Holborn Direct Mail
Company, Capacity House, 2-6 Rothsay Street, Tower
Bridge Road, London, S.E.1. Telephone: 01-407-1495.

FOR SALE: Taylor 88A Multimeter, 20kQ2/V, wood
case, 74 ranges to 5,000 volts and 10 amp., a.c./d.c.
Resistance to SOMQ. £15. EICO 249 VTVM, 7iin.
Meter, to 1,500V, a.c./d.c. Measures p-p Complex
waves to 3MHz, measures resistance to 1,000MQ. £18.
Heathkit Millivoltmeter AV3U. £10. All with manuals
and leads. Box No. G106.

FOR SALE: Cossor 1049 MK. III Oscilloscope in good
condition. £25. K. Beswick, 11 Chestnut Walk, Strat-
ford, Warwickshire.

FOR SALE: TW “Communicator”, Shure push-to-talk mic.,
speaker, ground plane antenna and 30ft. coax., all leads,
battery clips, 20 volt battery meter and switch. Com-
plete 2 metre station ready to go on the air. Immacu-
late. £80 o.n.0. Box No, G107.

INNOVATION IN DX CLUBS ANNOUNCED! Formed
in October, 1965, the Radio New York Worldwide
Listeners Club now has 3,600 members in 86 countries!
A unique club offering shortwave listeners monthly
magazines containing listening tips and technical fea-
tures, numbered wallet-sized membership cards and
gold 84in. by 1lin. membership certificates. Multi-
lingual report forms available for cost of postage. “We
must be doing something right!” Find out . . . join
now!” Send 7s. 2d. (crossed domestic money order) for
one year’s membership to: The Radio New York
Worldwide Listeners Club, 485 Madison Avenue, New
York 10022, U.S.A.

FOR SALE: G2DAF Linear Amplifier and power supply.
£50 o.n.o. S.A.E. for details. Box No. G108.

IF YOU HAVE ENJOYED A HOLIDAY on the Nor-
folk Broads, why not help to preserve these beautiful
waterways. Join the Broads Society and play your part
in determining Broadlands future. Further details
from:—The Hon. Membership Secretary, The Broads
Society, “Icknield”, Hilly Plantation, Thorpe St.
Andrew, Norwich, NOR 858S.

FOR SALE: Collection of stamps. £125. S.A E. for details.
Box No. G109.

TO CLEAR. Back numbers of “The National Geo-
graphical Magazine”, to January 1959. 3/6d. each post
paid. Box No. G110.

(Continued on page 319)
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RADIO conTROL

THE NEWEST ELECTRONIC HOBBY
START WITH A SINGLE CHANNEL

UNIT AT
TRANSMITTER . RECEIVER
£8 £4
(Kit) (Kit)

leading up to sophisticated
DIGITAL CONTROL from £80

DETAILS FROM UK'S LARGEST R/C
KIT SUPPLIERS

FULL CATALOGUE 3/6, post included

TELERADIO ELECTRONICS
325 FORE STREET, EDMONTON
LONDON N.9

NEW BO0O

OCTOBER 1969

El Transistor Substitution Handbook EI
— 9th Edition 18/- net

m 49 Easy Entertainment and Science Projects El
VYol. 1

m Robert M. Brown and Tom Kneitel 24/- net EI

EI NOVEMBER 1969 El
Transistor Colour TV Servicing Guide

m Robert G. Middleton 35/- net EI
Closed Circuit TY for Engineers and

E] Technicians
Leonard E. Showalter 50/- net

E‘ JANUARY 1970 EI
Understanding and Using Unijunction
Transistors EI
S. Hoberman 24/- net

EI Electronic Circuit Design El

m Farl ). Waters 30/- net EI

FEBRUARY 1970

m Learn Electronics Through Troubleshooting El
Wayne Lemons 75/- net

El F¥ From Antenna To Audio EI
Leonard Feldman 30/- net

[

E' The above are obtainable from most good bookshops El
or direct from the Publishers (see elow) on re-

m mittance of the price plus 2/6 p E]

FOULSHAM~SAMS TECHNICAL BOOKS
(W.FOULSHAM & CO.LTD.)

YEOVIL RD.. SLOUGH, BUCKS, ENGLAND
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and work at the nerve centres
of civil aviation

The National Air Traffic Control Service of the Board of
Trade needs Radio Technicians to install and maintain the
very latest electronic aids at Civil Airports, Air Traffic Control
Centres, Radar Stations and specialist establishments.
Vacancies exist in various parts of the United Kingdom.

This is responsible demanding work (for which you will
get familiarfsation training) involving communications,
computers, radar and data extraction, automatic landing
systems and closed-circuit television. It offers excellent
prospects with ample opportunities to study for higher
qualifications in.this fast-expanding field.

If you are 19 or over, with practical experience in at
least one of the main branches of telecommunications,
fill in the coupon now.

Salary from January 1st 1970 is £985 (at 19) to £1,295
(at 25 or over) : scale maximum £1,500 (higher rates at
Heathrow), and some posts attract shift-duty payments.
The annual leave allowance is good and there is a non-
contributory pension scheme for established staff.

Complete this coupon for full details and application form:

To: A, J. Edwards, C.Eng., M.J.E.E., M.I.E.R.E.. Room 705,
The Adelphi, John Adam Street, London WC2

marking your envelope ‘Recruitment’

Not applicable to residents outside the United Kingdom. RC/BI

NATCS National Air Traffic Control Service

318

M2

APPRENTICE
TECHNICIAN

An opportunity to gain experience in con-
structing and maintaining electronic equip-
ment and setting up systems for automated
experiments and data-logging is available to
someone aged 16 to 21 with four ‘O’ passes
in English Language, Mathematics and two
Science subjects or who is a registered ONC
student doing a relevant course. Experience
with semi-conductors, including integrated
circuits, is desirable. Day release permitted
for appropriate course. Salary according to
age, qualifications and experience, rising
from £467 p.a. at 16.
Applications and enquiries by December 15
to:

The Director,

M.R.C. Speech and Communication Unit,

31 Buccleuch Place,

Edinburgh, EH8 9JT.

TO AMBITIOUS ENGINEERS

—THE LATEST EDITIOM OF [WGINEDEING. OFFORTUNITIES

Have you sent for your copy?

ENGINEERING OPPORTUNITIES is a highly informative 164 page
guide to the best paid engineering posts. It tells you how you can
quickly prepare at home 7or a recognised engineering qualification
and outlines a wonderful range of modern Home Study Courses in
all branches of Engineering. This unique book also gives full details
of the Practical Radio & Electronic Courses administered by our
Specialist Electronics Training Division — explains the benefits of
our Appointments Dept. g shows you how to qualify for five
years promotion in one year

“Satisfaction or refund of fee'’ terms

Whatever your age or experience you cannot afford to miss readin
this famous ook. Send for your copy of ‘ENGINEERIN
OPPORTUN|TIES" today — FREE.

Practical Equipment including Tools

The specialist Electronics Division of B.1.E.T. NOW offers you a real
laboratory training at home with practical equipment.

Basic Practice ang Theoretical Courses for beginners in Radio, T.V.,
Electronics, etc. Ask for details.

Which is your pet subject

A.M.LE.R.E. City & Guilds [J Radio Amateur’s Exam. ] R.T.E.B.
Certificate P.M.G. Certificate [J Practical Radio [J] Radio & Television
Servicing [J Practical Electronics ] Electronics Engineering []
Automation [

The B.1.E.T. is the leading institute of its kind in the world.
British Institute of I
Engineering Technology

Free Books and
Full Intormation

NAME

ADDRESS

Subject
of interest

THE RADIO CONSTRUCTOR
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SMALL ADVERTISEMENTS

Continued from page 317

ARE YOU A MOTORING ENTHUSIAST? The Seven
Fifty Motor Club caters for all types of motor sport—
racing, rallies, hill climbs, etc. Monthly Bulletin free
to members. For full details write to: The General
Secretary, Colin Peck, “Dancer’s End,” St. Winifred’s
Road, Biggin Hill, Kent.

FOR SALE: 500 1.T.A. converter tuners. Send 3/- to cover
postage and packing for sample to: E. Graley, 15
Roskell Road, Liverpool 25.

ESSEX GARDENERS. Buy your bedding and rock
plants, shrubs, etc., also cacti from May's Nurseries,
608 Rayleigh Road, Hutton, Brentwood, Essex. Callers
only. Monday to Saturday.

RECITALS OF RECORDED MUSIC. The second
Saturday evening of each winter month. Next recital:
December 13th, 1969, 8 p.m. Woodford Green United
Free Church, Woodford Green, Essex. Bus routes 20,
20A, 38A and 179—alight at “The Castle™ stop. Pro-
gramme includes works by Corelli, Bach, Handel and
Gabrieli.

BOOKS TO CLEAR: “The Upper Atmosphere”’, Massey
& Boyd, 50/-."KEOEEIT”, story of the Aurora Borealis
20f-. “The Living Brain”, Grey Walter, 10/-. “Teach
Yourself Russian”, 5/-. “Principles of Modern Book-
kecping”, 5/-. “Outlook”, elementary weather fore-
casting, 7/6d. “Marine Signalling Methods”, Pomphrey,
10/-. “Practical Nucleonics”, experiments in Nuclear
Physics, Pearson & Osborne, 25/-. “Health Physics”,
principles of radiation protection, Rees, 50/-. “Violent
Universe”, Calder, 15/-. All plus postage. Box No.
Gl111.

PROPERTIES for sale and to let in London and suburbs.
Apply to Maggs & Stephens, Estate Agents, 229 Maida
Vale. London. W.9. MAlda Vale 8123.

’ 303 EDGWARE ROAD,
HENRY’S RADIO LTD. (3 hgware
HAVE THE FOLLOWING VACANCIES IN THEIR ORGANISATION
SALES ASSISTANT: Young man with good general knowledge of
electronic components required for our retail sales dept. Please
telephone 723-1008/9 ext. |
SALES ASSISTANT, HI-FI DEPT. Youni; man with a good general
knowledge of HIGH FIDELITY EQUIPMENT required for our
;3t3ail69i-él3-ﬂ SALES DEPT. Please contact MR. STEVENS, Telephone

3 TRANSISTOR RADIO KIT

The small transistor radio, supplied complete
with earphone and powered by a small mercury

battery, is mounted in a stout plastic box
measuring 3”7 x 2" x 1”. The radio is capable /
of receiving Radios 1, 3, 4 and Luxembourg,

together with a number of Continental stations
after dark, Supplied with instructions for easy
assembly.

ISHERWOODS ELECTRONICS 33Al0sNORTHGATE

SEND NOW for your

FREE

CALENDAR
DIARY SECTION
DECIMAL COIN TABLE
DATA SHEETS
" These are all included in our
1970 ENLARGED CATALOGUE
RESERVE your copy now for despatch carly
in January
Write to: W. E. C. Ltd. (O
74 The Street, Ashtead, Surrey

A new catalogue will be sent to Readers in possession

of our 1969 catalogue.

NEW STYLE
SELF-BINDER

for “The Radio CGonstructor”

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 Linen of great strength, very hard
twisted and twice doubled. They are attached
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

ey,
e % %% SNSRI

ERET a8 S0

PRICE 14/ -

Postage 1/6

PLAIN BACKED
For your other magazines

13/6 Postage 1/6
Available in maroon or green

Available only from:—

Data Publications Ltd,
b7 Maida Vale London W9

DECEMBER 1969
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CHASSIS

H.L.SMITH & CO. LTD.

BLANK CHASSIS

and 5W 287/9 Edgware Road FOURSIDED 16 SWG ALUMINIUM
SES London W2 | Sus  Puss BM% vosmayr Tis- 376
! % 8x -
CA by TEL: 01-723 5891 Sate o2 I anTal s s
. INIUM, SILVER et 7 gﬁ l%‘Z’ﬁii LA
ALUM . SILVE x4x2" Z xBx
CASES [jaMMERED FINISH T”’er 8hx5ix2” gﬁ i//?o l4xn 14l 818
o ol . n o R D
NPorzre ier & 2dme Tiive Tociatr  are 380 \8koaln 1678 97
N 6x6x3” 17/6 W 15x9x8” 4876 12x4x21"  10/= 473 17x10x3” 1976 10/1
o 44,(2;(%" 117. ¥ 856,(6” zz;_ w 12x5x3” 12/= 4/9
x4x4" 11/- 12x7x7" 45 /-
U Six4ix4d” 17/- Y 13x7x9"  50/6 TO FIT OUR CASES
U 8x6xb" 23/- Y 15x9x7"  53/6 7x5ix1i7  Tj- 379 12x63x2” 10/9 S/11
U shabxayr 247z i7xider 7176 CTx3ix2h 779 319 14x8ix2” 1376 7/1
U 15x9x97" 49/~ Z 19x10x81" 78/- Hxelxtyr 10/ 516 151x93x24” 17/~ 976
W 8x6x6” 23/- *Height J1x64x2” 10/~ 5/6 174x9{x2y"” 18/6 10/6

Type N has removable bottom, Type U re-
movable bottom or back, Type W removable
front, Type Y all screwed construction, Type
Z removable back and front. Plus p. & p.

Plus post & packing

PANELS: Any size up to 3ft. at 6/= sq.ft. 16 s.w.g.
(18 s.w.g. 5/3). Plus postage and packing.

SENSATIONAL BRITISH-MADE RADIO GONSTRUGTION
OUTFIT — MAKES 5 DIFFERENT TRANSISTOR RADIDS
No soldering - No experience ildi
need%d - simplle favishly itlustrated I:::sl Eu"dmg 47/6
step-by-step plans enables anyone ;
9 to 90 to build radios easlly with  SYerything
terrific results. Educational — almost a complete Home Radio
Course. — You start with a simple semi-conductor radio which
takes under 1 hour to bulld, you then progress to multi-transistor
internal loudspeaker radio complete in attractive case. All
operate off tiny self-contained battery costing pennles and
lasting months. True to lite sound reproduction. Fully tuneable.
Receives standard medium wave broadcasts. All parts down to
last screw — including 3 Transistors, 1 Semi-conductor, 1 Moving
Coil Loudspeaker (this alone must be worth 19/6), Personal:
phone for smaller radios, all resistors, condensers, coil, wire,
knobs, Radio Case, A.B.C. Plans, etc., etc. ONLY 47/6 plus
4/6 P&P. (Parts available separately). New and boxed direct from
Manufacturers to you, saving ££s in middlemen’s profit. MAKES
FANTASTIC XMAS PRESENT. (Check prices of less compre-
hensive educational toys in the shops!) Sold every year for
the last 9 years — many testimonials. Money back guarantee.
PHOENIX ELECTRONICS (RCII)
I8 Little Preston St., Brighton |, Sussex

CHRISTMAS REDUCTIONS—One Month Only

Pocket 1000 O.P.V. testmeter, 10-50-250-1000 volts A.C. &
.C.. 1 mA, 100 mA, ohms, ranges. 45/-. Transistors, Texas
2N4061 3/-, GET 114 (A.F.) 1/-, GET 873 (R.F.) 1/2, two
way intercom set 65/-, S.C.R. SA 400PIV. 14/6. All values
IW 5% resistors 4/- doz., Jack sockets 2/-, Jack plugs 2/1.
0.01 mF 100V cap. 3/- doz. Veroboard 17in. x 3}in. 12/-,
Silicon diodes (similar OA9Iz 3/- doz. Grey screened mic
cable 6d. per yd. 6BA screws (mixed lengths) with nut and 2
washers 1/- per doz.
Please add 1/6 in the £ postage. £5 or over post free.
BUILD A WAH-WAH PEDAL
SELECTIVE AMPLIFIER MODULE. Basis of Wah-Wah Pedal.
All components to build two transistor circuit including sockets,
control, battery and clip, resistors, capacitors and veroboard.
Full instructions provided. 30/- post free. Assembled and
tested £2.
Send 1/- for our catalogue of components. testmeters, musical
electronics & more details of the above items. Callers welcome.

WILSIC ELECTRONICS LIMITED
6 Copley Road, Doncaster, Yorkshire

DATA BOOK SERIES

DB5 TV FAULT FINDING
124 pages. Price 8/6, postage 8d.

DB6 THERADIO AMATEUR OPERATOR’S HANDBOOK

64 pages. Price 6/-, postage 6d.

DB15 TWENTY SUGGESTED CIRCUITS

48 pages. Price 3/6, postage 5d.

DB16 RADIO CONTROL FOR MODELS

192 pages. Price 15/-, postage 1/-.

DB17 UNDERSTANDING TELEVISION

512 pages. Price 37/6, postage 3/-

DB18 AUDIO AMPLIFIERS
128 pages. Price 10/6, postage 8d.

I enclose Postal Order/Cheque for

in payment for —

NAME

ADDRESS

(Please use Block Capitals for both name and address)
Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order
All publications are obtainable from your local bookseller
Data Publications Ltd., 57 Maida Vale, London W.9
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) ENGLAND’S LEADING
COMPONENT AND
EQUIPMIENT CENTRES

BUILD A QUALITY 4 TRACK TAPE RECORDER SMHENRY'S RADIO Fully Mustrated CATALOGUES

T e
aLL Tvpes A e [ B
OF ELECTRONIC HIGH
COMPONENTS = FIDELITY
TEST o & GENERAL
= e " EQUIPMENT AUDIO
3 BR KITS : EQUIPMENT
pmcg s, pp 22/6. NOTHING BUILT UNITS = - 2 CATALOGUE

COMPREHENSIVE CLEAR CONCISE CATALOGUES
A Over 300 pages tuily detailed and illustrated with more than 6,000 stock items Every
thing for amateur and professional use. Complete with 5 vouchers 10/ value, for use with
Dech pisys 3. 45 78 RPM records 9 vanl purchases
:, J.:vy ‘zm mono cartndge BRAND NEW ORDER AS CATALOGUE A PRICE 7/6.
B New audio and high fidelity cataiogue 120 pages containing
PRICE 59/6. table Trar z z \ \deas and equipment for every application. Special low prices for
p.p. 36 Baby Alarros, Tele phone alt leading makes. Ptus 12/6 extra discount voucher

Senct {or teatiet e G ORDER AS CATALOGUE 8 PRICE 7/6

5 15305151015 wiih
N ut 3one

AR

UL ip i) AUDIO EQUIPMENT

OTHER ITEMS Suiavie . 4
ohin spearee 17 6pp
GARRARD Hes ine covered cabunet 12 - 9 « 4 12°6 s :\Aono ot Stereo Au(lhu Emvupmen( developed
B 6 IR e Py 67 et (AT . rom Dinwdale Mk (1 each umit or system
RECORD DECKS will compare favourably with other profes
sional equipment selling at much higher
prices
£11.126 to £38.17 6. (all unns avaiiabie
separately|
THE FINEST VALUE IN LOW COST HIGH
FIDELITY — CHOOSE A SYSTEM TO SUIT
YOUR NEEDS AND SAVE YOURSELF
POUNDS

All the arest models BRAND NEW and guaranteed New printed circuit design with full powe:
TERRIFIC SAVINGS output. Fully tuneable on both mw/tw
-2025 STEREQ bands. 7 Mullard transistors, Fitted 5
' DIAMOND 9TAH C speaker, Room Filling Power Easy to
H build with terrific results. Al local and
continental stations. Complete detailed

instructions

TOTAL COST £6.19.6. p.p. 4/6

As for Leatiet N

95
GL 75 GOLDRING
zZele WF HAVE THE MOST COMPREHENS
ALSO INSTOCK THORENS LENCO TOCK IN GREAT BHITAIN
age/insurance 776 extea on any motle NEW 1969 LIST OF 1000 TVPES
W BASES £3.126. PERSPEX COVERS £3.100 [ ND FOR FREE COPY TOUAY [LIST 36
Whether you require one or 1000 devices we
can hulfil your arder from stocs

“Suecial ofter base and cover available for these
models at €4 150 Carrage S

Complere range of Cariridges/Punins/Covers For quantity Quolsnions teienhone
SEND FOR 8 PAGE BROCHURE 16 17 TODAY C D401 Ex 4 or (011 407 6

3 VISIT OUR NEW HIFI CENTRE AT 309 EDGWARE ROAD tor ail leading makes of

- AMPLIFIERS. TUNERS, DL CKS, SPEAKERS MICAOPHONES TEST EQUIPMENT ALL WITH
HENELEC 5 - 5 erREU AMPL'F'ER DISCOUNTS - 1T WILL PAY YOU TO PAY US A VISIT AUDIO SYSTEMS £40 - £300 TOSUIT

EVERY POCKET DEFERRED TEHMS AVAILABLE

E -collent low pricen Brsh desigred Stereo Amuidhien for e SEND FOR ILLUSTRATED BROCHURE 16/17 TWO DEMONSTRATION RDOMS
Record Decks Mine
16 ransistor mains ouersted Oulp, s
spearers Black silver and wood bowsh sse 13+ -
PRICE £13.100 pp 7/ eotier on resues j wonch
Comitete Sterka Sy g e el l. 0 ORG s
arrwd 2025 sereo 55 Amphher Punih/Cover Two 10 wat # E ECTR Nlr R ANS Start building for
speab ers with tweeler polishe cabinets b4 as-littie as £10

Usual price £47.0.0. QUR PRICE £39.10.0 p.p. 20 S, D e—

AT NSISTOR PRINTE CUIT DESIGNS
N "STEP BY STEP DE TAILE
INS TR ONS 5 N COMME R
SINCLAIR EO.U'PN“:NT ——n _ EUUIVALENT "EVE ' ,u PPLIED DOWN
L =1l . T = CAST ITEM FULL A RV & A
The SINCLAIR IC-10 15 the worlds first - CCREDIT SALE & H P T RMs w. ABLE
monolithic intergrated circuit high fidelity power / We are pleased 10 oMer the choice of FOUR
ampiifier and pre-amphitier. The circut rtseit has Butish designs from a sngle mavual portable st
an outpui power of 10 watts, yet with an overall
sizeof 1 x 04 x0.2n
10 Inteqrated Ampiter  sae  OTHER TYPES OF
INTEGRATED CIRCUITS o DAK CONSOLE trom (285 for the serous musecian

Lok
Srere 60 €© SLAU2 Presse,
€ SL403 Messer These bts are The result 0f vears of resewrch and

£99 THE MAYF AIR for light or classical music

10 4 lwo manual five octave de fuxe model with

€8 RCA frsgn and OMer the best that 1s essential 1o goor
00
14 et escellent value are

£ a230° ara 1482 o € reach ol most jockets No fen
€ Foras3a Data sheets 3 6 et for tnese
ck Yor athers sex c atalogur

e o
sl Lse amt sl give ved

s 1 far

SEND FDR ILLUSTRATEDBROCHURES9/10/3) TODAY!
When in LONDON CALL IN SEF. HEAR PLAY FOR
VOURSELF

AN ORUAN COMP
PARTS TOTAL COST £6.19.6 DECDDER £5.19.6
IFOR STERED

’ Mail Order Dapt., Components, Organ Dept High Fidelity and Equpment Centre
303 EDGWARE ROAD, LONDON W.2. 309 EDGWARE ROAD, LONDON W.2.
Telephone: 01-723 10089 Telephone: 01-723 6963
@ OPEN MON-SAT 9am-6pm THURS 9am-tpm
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