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TELEVISION 

SETS, 

RECEIVERS 

AND 

TRANSMITTERS 

Television Sets, Receivers and Short Wave Transmitters 
are expensive to acquire and you no doubt highly 
prize your installation. Apart from the value of your 
Set, you might be held responsible should injury be 
caused by a fault in the Set, or injury or damage 
by your Aerial collapsing. 

A "Scottish" special policy for Television Sets, 
Receivers and Short Wave Transmitters provides the 
following cover: 

(a) Loss or damage to installation (including in the 
case of Television Sets the Cathode Ray Tube) 
by Fire, Explosion, Lightning, Theft or Accidental 
External Means at any private dwelling-house. 

{b) (i) Legal Liability for bodily injury to Third 
Parties or damage to their property arising 
out of the breakage or collapse of the Aerial 
Fittings or Mast, or through any defect in 
the Set. Indemnity £10,000 any one'accident. 

(ii) Damage to your property or that of your 
landlord arising out of the breakage or 
collapse of the Aerial Fittings or Mast, but 
not exceeding £500. 

Why not BE PRUDENT AND 

INSURE your installation—it is 

well worthwhile AT THE 

VERY LOW COST INVOLVED. 

If you write to the Corporation's 

Office a proposal will be 

submitted for completion. 

Write for full details, quoting reference 5304, to:— 

THE MANAGER 

SCOTTISH INSURANCE CORPORATION LTD.. 

66-67 CORNHILL, LONDON E.C.3 



FOLLOW THE LEADERS 

■ QUALITY-TESTED PAKS 
2 Drift Trans. 2N1225 Germ, PNP lOOMc/s  10/- 6 Matched Trane. OC44/45/81/S1D  10 - '20 Red Spot AP Trans. PNP   10/- "16 White Spot BP Trans. PNP   10/- 15 Silicon Beets. 3 A 100-400 P1V   10/- 2 10 A Silicon Beets. 100 PIV   10 - 2 OC140 Trans. NPN Switching   10/- 1 12 A SCR 100 PIV  10/-- 3 Sil. Trans. 28303 PNP   10/- 4 Zener Diodes 260ni"W 3-12V  10/- 3 200Me/8. Si 1. Trans.->'PN BSV26,27 . 10/- 3 Zei; : " i«!e: 4S0?uV S3V o0

0 "o!- . 10/- 4 High Current Trans. OC42 Eqvt. .... 10/- 2 Power Transistors 1 0O26 I OC'35 .. . 10/- 0 Silicon Beets. 400 PIV 260inA  10/- 4 OC76 Traiisistors ....... 10/ 1 Power Trans. OC20 ] 00 V   10/ 10 OA2&2 Sli. Diodes Sub-miu. Marked. . 10/ - 2 Low Noise Trans. NPN 2N029/30 .. . 10/ - 1 Sil. Trans. NPN VCB 100 ZT88  10/- 8 OA81 Diodes    10'- 4 OC72 Translators   10 - 4 OC77 Transiators -  10 - 4 Sil. Beets. 400 PIV JOOmA   10/- 5 GET884 Trans. Eqvt. OC44   10/- o GET883 Trans. Eqvt. OC4o   10/- 2 2N70S Sil. Trans. SOOMc s. NPN  10/- 0 GT41/46 Germ. Trans. PNP  10/- 3 GT31 LF Low Noise PNP Trans. . . . 10/- 6 IN914 Sil. Diodes 76 PIV 75mA .... 10/- 8 OA95 Germ. Diodes Sub-min. 1N69 .. 10/- 3 NPN Germ. Trans. NKT773 .    10/- 2 OC22 Power Trans. Germ  10/- 2 OC25 Power Trans. Germ   10/- 4 AC128 Trans. PNP High Gain  10/- 2 AC127/128 Comp. pair PNP/NPN ... 10/- 3 2N1307 PNP Switching Trans  10/- 10 Ca«2H Germ. Diodes Eqvt. OA71 . .. 10/- 
3 AF116 Trans VHF   10/- 
C U C C One 10/- Pack o! your own 1 l\ C C choice free with orders vslne £4 or over. 
12 Assorted Germ. Diodes Marked .... 10 - 4 AC126 Germ. PNP Trans  10 - 4 Silicon Beets. 100 PIV 750mA  10 - 3 AF117 Trans. VHF   10,- 7 OC81 Type Trans  10/- 3 OC171 Trans. VHP    • 10/- 5 2N2926 Sil. Epoxy .Trans  10/- 7 OC71 Type Trans. :  10/- 1 25 Trans. Heatsinks fit T018. 8012, etc. 10/- 2 23701 Sil. Tr-ms. Texas NPN  10/- 3 12V Zener 400mW   10/- 9 ir, A 600 PIV 311. Reacts. IS4fiR   10/- 3 BC108 Sil. NPN High Gain Trant. . . 15/- 1 2N910 NPN Sil. Trans. VCB 100   15/- 2 1000 PIV 311. Beet. 1-5A B53310 AF. 15 3 BSY9BA Sil. Trans. NPN 'iOOMc s. .15 - 3 OC200 811. Trans. Mullard  15- 2 Sil. Power Beets. BYZI3  15 - i 311. Power Trans. NPN lOOMc 5. TK201A   15 - 6 Zener Diodes 3-16V Sub-min. ... 15 - 1 2N1132 PNP Epitaxial Planar Sil  15- 3 2N697 Epitaxial Planar Trans. Sil. . . 15 - 4 Germ. . Power Trans. Eqvt. OC16 15 - 1 Unijunction Trans. 2N2646   15/- 2 Sil. Trans. 200Mc/e. 60Vcb ZT83/84 . . 15/- 1 311. Planar Trans. NPN XOOMc/s. BSY25   15/- 1 Unijunction Trans. 2N2160 TO-5 .. . 15/- 2 Sil. Beets. 5A 600 PIV Stud Type . .. 15/- 2 Germ Power Trans. OC28/29   15/ 1 10A Sil. Stud React. 800 PIV  15/- 1 Tunnel Diode AEY11 1050Mc/8  15, - 2 2N2712 Sil. Epoxy Planar HFE225 15,- 8 BY 100 Type Sil. Beets   . 20,- | 25 Sil. and Germ. Trans. Mixed, all marked. New  30/- 2 GET880 Low Noise Germ. Trans. . .. 10/- 1 AF139 PNP High Freq. Trans  10/- 3 NPN Trans. 1 ST141 & 2 ST140   10 - 4 Madt's 2 MAT100 & 2 MAT120  10 3 Hadt'e 2 MATlOl & 1 MAT121  10 - 4 OC44 Germ. Trans. AF   10 - 3 AC127 NPN Germ. Trans  10 - 1 2N3906 Sil. PNP Trans. Motorola  10 - | CADMIUM CELLS ] OBP60 OBP61  8 - each j OEP12   8,8 each 
MANY NEW PAK ITEMS 
FULL RANGE OF ZEKER DIODES VOLTAGE RAKGE 8-18V. 400mW (DO-7 Case)  2 6 each tl-cW (Top-Hat)   3,6 each 10W (SO-10 Stud)  5/- each All fully tested 5% tol. and marked. Please state voltage required. Full range eqvt. to OAZ Mullard Type Z. Range of STC. T.B. Texas and IN types. 
TRANSISTOR EQVT. 600K 52 pages of cross references for trans, and diodes, types include British, Suroyean, American and ■ Japanese. Specially imported by EI-PAK     10,'- each 

ANOTHER CROWNING SUCCESS— 
THIS MONTH'S BARGAIN PAKS 

ALL FULLY TESTED AND GUARANTEED SATISFACTION 
Pak. No. Qty 
511 512 
513 514 515 
516 517 518 
519 
520 

Description Price 
Power Transistors 1 ■ AD 140. I AD 149 .. 10/- Duat Transistor 200 M/Cs 25 VcB NPN TO-5-2 .. 10/- 
Sil. Trans. 2S303 Fqvl. OC201 TO-5 .. .. 10/- Photo Diode Texas 1S701 = 1N2175 and Data .. 10/- S.C.R s 3 Amp 1 • 400 PIV 1 \ 100 PIV .. .. 10/- Sil. Trans. BC108 NPN  10- 
Sil. Rectifiers 2 • BY126. 2 , BY127 . . .. 10/- Silicon L'nilaiera! Switch (SLS) DI3D1 & Data .. 10/- 
Silicon Alloy Trans. PNP BCY26-27 AF . . . . 10/- 
Silicon Rectifiers ? Amp 5ti0 PIV Stud Type .. 10/- 

Each month for one month c 
at this special price. TY Bi-Pak 

er special bargain paks available 
ice and save even more on your 

Unequalled Value and Quality 
BRAND NEW—UNTESTED , 

SEMICONDUCTORS ' 
Batiefaction GUARANTEED in Every Pak, or money back. 

KING OF THE PAKS 

SUPER PAKS 
Pak U1 No. 120 Glass Sub-min. General Purpose Germanium Diodes. . . . 10/- 
172 30 Mixed Germanium Transistors AF/RF   10/- 
173 76 Germanium Gold Bonded Diodes sim. OA5, PA47   10/- 
174 40 Germanium Transistors like OC81, AC328    10/- 
U5 30 200mA Sub-min. Sil. Diodes     10/- 
U6 40 Silicon Planar Transistors NPN aim. BSY95A, 2N706 . . . .10/- 
177 13 Silicon Rectifiers Top-Hap 750mA up to 1000V   10/- 
US 30 Sil. Planar Diodes 250mA OA/200/202   10/- 
179 20 Mixed Volts 1 watt Zener Diodes  10. 
Ull 30 PNP Silicon Planar Transistors TO-6 aim. 2N1132  10'- 
U12 12 Silicon Rectifiers EPOXY 500mA up to 800 PIV   10 - 
U13 30 PNP-NPN Sil. Transistors OC200 & 2S104  10 
Ui4 150 Mixed Silitca and Germanium Diodes   10- 
ris iu NPN sillccn Planar Trausist-ors TO-5 sim. 2N697   10- 
LT6 10 3-Ainp Silicon Rectifiers Stud Type up to 1000 PIV .... 10/- 
t'17 30 Germanium PNP AF Transistors TO-5 like AGY 17-22... 10/- 
U18 8 6-Amp Silicon Rectifiers BYZ13 Type up to 600 PIV ... 10/- 
U19 30 Silicon NPN Transistors like BC108   10/- 
1730 12 1.5-amp Silicon Rectifiers Top-Hat up to 1,000 PIV  10/v 
1721 30 A.F. Germanium alloy Transistors 26300 Series & OC71 . 10/- 
U22 10 1-anip Glass Min. Silicon Rectifiers High Volts   10/- 
U23 30 Madt's like MAT Series PNP Transistors '  10/- V24 20 Germanium 1-amp Rectifiers GJM up to 300 PIV  10/- 1725 25 300Mc,'b NPN Silicon Transistors 2N708, BSY27   10/- 
L2u 30 Fast Switching Silicon Diodes like IN914 Micro-min 10/- 

Exp=:;;;.=;.-.ers' Assortment of Integrated Circuits, untested, i latcs. fill -Fhits. Registers, etc.. f Assorted Pieces...'  20 - 
U2J.' I-! ' ami SCEs XO-5 can uo to 6A' PIV CRSi 25-600  20 - 
U30 15 Pi-utk- -diccn Planar trans. NPN 2X2921-5X2925  10 - 
131 20 S;i Planar NPN trans, low noise Amp 2N3'07  10 - 
r32 25 Zener diodes 400inW DOT case mixed Vlis. 3-18  10 - 
1733 15 Plastic case I amp silicon rectifiers 1N4000 series  10/- 

Code Nos. mentioned above are given as a guide to the type of device in the Pak. The devices themselves are normally unmarked 

ADI6I NPN. ADI62 PNP 
MATCHED COMPLEMENTARY PAIRS OF GERM. POWER TRANSISTORS. For mains driven output stages of Amplifiers and Radio receivers. OUR LOWEST PRICE OF 12/8 

PER PAIR 

HIGH POWER SILICON PLANAR TRANSISTORS. TEX AS 2S034. NPN 'TO-3. 
VCB100 1c 4A fT. 15M/cs 
VCE100 Ptot. 40W 
VEB8 hFE(min.) 60 Price 15/- each 

NEW SILICON RECTIFIERS TESTED PIV 400niA 750mA T5A 3A 10A 30A 60 iOd ll~ 1/8 2/9 4/3 9/6 1001;- 1/3 2/6 3/3 4/6 15/- 200 1,8 1/9 2/6 41- 4/9 20/- 300 — 2/3 3/9 4/6 8/6 22/- 400 21- 2/6 4/- 5/6 7/6 25/- 500 — 3/- — 8/- 8/6 30/- 600 2/9 3/3 4/S 6/9 9/- 37/- 800 - 3/6 4/9 7/3 11/- 40- 1,000 — 61- 6/- 9/8 12/6 50 - 1,200 — 6/6 7/6 11/6 15/- — 

SCWs LOWEST PRICE LARGEST RANGE PIV 1A 7A i6A 30A 25 — 7.6 — 30.- 50 7/6 8 '6 10 8 35 - 300 8 6 10 - 15 - 45 - 200 12 6 15 - 20 - 55.- 300 15 - 20 - 25, — 4u0 17 6 25 - 35/- 80,- 500 30 - 40 - 45/- 95/- 600 — 40/-50/- -- 
PLEASE NOTE. To avoid any fuither increased Pastul C'harges to our Customers and enable us to keep out "By Return Postal service" which is 
second to none, we have re-organized and st'-eamliued our Despatch Order 
Department and we now request you to send all -your orders together with your remittance, direct to our Warehouse and Despatch Department, 
postal address; BI-PAK SEMICONDUCTORS, Deipatcb Dept., P.O. BOX 6, 
WARE, HERTS. Postage and packing Rtill 1/- per order. Minimum order 19/-, 

FET'S 
SN3819  10/- 2N 3820  26/- MPF106  81- 
OCP71   8/6 

UNIJUNCTION 
trT46, Eqvt. 2N2646. Eqvt. T1843. BEN 3000 

7/6 EACH 
25-99 8/- LOO UP 4/- 

INTEGRATED 
CIRCUITS 

I.C. Operational Amplifier with Zener output. Type 701C. Ideal for P..E. Projects. 8 Lead TO-3 case. Full data 
Our price 12/6 each 

6 off 11/- each. Large Qty. Prices quoted for. 
FAIRCHILD EPOXY TO-5 8 Lead I.C. * /iLSOO Buffer   10/6 ^L9a.4 Dual Gate   10/6 ^L923 J.K.FJip-FIop.. . 14/- I.C. Data Circuits, etc. . 1/6 
miLLARD I.C. AMPLIFIERS TAA248 ORP. Amp. .. 70/- TAA263 Mln AF Amp . 18/6 TAA293 G.P. Amp .... 26/- RCA CA3020 Audio- Amp  80/- 

PRINTED CIRCUITS 
EX-COMPUTER Packed with semiconduc- tors and components, 10 boards give a guaranteed 30 trans and 30 diodes. Our price 30 boards 10/-. Plus 21- P. A P.  

SOLID STATE DIGITAL 
CLOCK 

Price List of Components available FREE on request. ■S.A.E. PLEASE. 
SIL. G.P. DIODES 

SOOniW 30  10/- 36PIV (Miu.) 100   25/- Bub-Min. 500 ... . 25 | Fully Teeted 1,000 .... £9 Ideal for'Organ Builders. | 

BI-PiiIC< 

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

KING OF THE PAKS BI-RAK GliflMNIQ SNiSflyinHH AiONEY BACK 
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TOP TRANSISTORS 
AH new, first grade, guaranteed to specification. 
Mai! order only. Prompt service. Orders over 70/- U.K. post paid. 

AD161 2 12/8 
(Comp. pair) 
AF239 8/6 
B5000 
BD121 
BC107B 
BC168B 
BC168C 
BC169C BF224 
BF225 
BFY51 
GET693 

10/- 
18/- 
2/8 
2/- 
2/- 
2/3 
4/- 
4/- 
4/— 
1/3 

HK041 
HK101 
HK601 IS 44 
IS557 
SF115 
T13028 
TIS18 
TIS60IVI 
TIS61M 
2N706 
2N2926G 2N3055 

2/6 
2V- 2/6 
1/4 
3/- 
2/6 

16/7 
7/- 
4/8 

4/11 
2/7 
2/6 

16/6 

2 N3707 
2rVI3794 
2N3983 
2N4058 
2N4285 
2N4289 
2N4291 
2N42d2 
2SB187 
2SB405 
2SD72 
3N140 
40468 

4/3 
2/6 
5/8 
4/7 
2/6 
2/6 
2/6 
2/6 
2/- 
5/- 
5/- 17 - 
7/6 

ROCK BOTTOM PRICES! 
Buy now, before the 
Import Deposit Rule 

forces prices up I 

EQUIVALENTS LIST 
Save yourself CCC's by using 
these substitutions I 

BC148-BC168 BF115-SF115 2N3702-2N4231 
BC149-BC169 BF167-BF225 2N3704-2N3794 
BC151-BC169 BF173-BF224 2N13CI8-2SD72 
BC154-BC169 2N3391A-BC169 2N1309 2SB405 

NEW 4W AMPLIFIER PACKAGE 
Component Kit AX4 for medium-fi 4W r.m.s. (8W peak) audio power amplifier for 15 ohm 
load. Advanced circuit uses AD161 /AD162 output pair, silicon front end, a.c, and d.c. negative 
feedback. Requires 24V, 200mA supply, but can be operated from 18V at reduced output with 
low standby current (12mA). The AX4 kit contains all resistors, capacitors and semiconductors 
—top-grade components of course! 

#High sensitivity—100mV in 40K for full output. 
• Full treble response. 
• Low distortion. 

PRICE ONLY 30/-. (Circuit available separately—Price 1/-) 

INTEGRATED CIRCUITS 
NEW! PA234, 1W a.f, amp., transformerless, 22V, 22 
ohm load, 24/- 
Multard TAA320, 15/ : TAA263, 16/8; TAB101, 21 
RCA CA3011. 18/ ; CA3020, 28/-. National LM703L, 
10/6. 

GEN SHEETS— 

Design Data & Parts Lists 

3V T.R.JF. RX. Low consumption front end plus trans- 
formerless class B a.f. amp. for 3-8 ohm speakers. (Des- 
cribed in R.C. Oct., 68) Price 6d. 
9V Silicon Reflex T.R.F. (R.C. Jan., 68) Simple and 
sensitive. Price 1 /—. 
AX9 High Performance T.R.F. (9V) Amplified a.g.c. 
Printed circuit available. The best M.W./L.W. t.r.f. design 
yet produced. Price 6d. 
AX2 Miniature Amplifier: 9V (either polarity), 300mW 
in 10-20 ohms, 6d. 
AX3 Miniature 800 MW Amplifier, 9V (either pol.) 
8 ohm load, 6d. 
AX4 4W Medium-Fidelity Amp., 1/-. 
N.B. AH the above amplifiers are transformerless class B 

\ T 80 

MINI 9V MAINS PACK 
Can be built to size of PP6 
battery. Nominal output 9V, 
80mA. All parts, 17/6. MT9 
Osmor submin. mains trans, 
only, with data sheet, 11 /—. 

BEST BUY MOSFET 
R C.A 40468, as used in R.C.' 
F.E.T. Voltmeter, Crystal Mic. 
Matching Unit, Low Capacit- 
ance Meter . NOW ONLY 
7/6! A superb high slope, hi., 
insulated gate, N-channel 
depletion mode mosfet. 

AMATRONIX LTD. 
396 Seflsdon Road, 
South Croydon, 
Surrey, CR2 ODE 

© 
e © 

© 
P 

A NEW NOMBREX INSTRUMENT 
TO THE SPECIFICATION YOU REQUIRE 

AT A PRICE YOU CAN AFFORD 

TRANSISTORISED R.F. SIGNAL GENERATOR 
STANDARD MODEL 29-S £20.0.0 
XTAL CHECK MODEL 29-X £27.10.0 

SPIN WHEEL TUNING 
(ADD SUFFIX -/SPIN) EXTRA £1.0.0 

U.K. Post and Packing 6/6d. 

To: NOMBREX LTD - EXMOUTH - DEVOW 
Please send leaflets of Model 29 and other IMombrex 
instruments to:— 
NAME  
ADDRESS   

PLEASE ENCLOSE STAMPS Qd. R.269 

STANDARD MODEL 29-S 
• 150 KHz to 220 MHz—all on fundamentals 
• Eight clear bandspread scales. Total length 40 
• Smooth vernier tuning control—ratio 7^:1. 
• Magnifier cursor for clarity and accuracy. 
% Scale accuracy and discrimination ±1*5% or better. 
• Unique etectronio scale calibration control. 
• Rapid spin wheel tuning as optional extra. 
• Modulation—variable depth and frequency. 
• Variable A.F. signal available externally. 
• Provision for external A.F. modulation. 
• Stabilized supply for long-term accuracy. 

XTAL CHECK MODEL 29-X 

Includes all the versatile advanced features of the Standard 
Model 29-S. 

AND 
Integral Crystal Oscillator providing calibration check points 

throughout all ranges, for adjustment of scale accuracy to +0*02%. 
The crystal marker signal is available at R. F. socket for use externally. 

PRODUCTION RELEASE—FEBRUARY 1969 
We are now booking sample and quantity orders; 

Delivery in strict rotation. 
TRADE AND EXPORT ENQUIRIES INVITED 
Our current Model 31 will continue to be available. 

410 THE RADIO CONSTRUCTOR 



Looking for a Hobby 

thats Fun and Fascinating? 

Building Heathkit models is so easy. THE CONSTRUCTION MANUAL SHOWS YOU HOW! 
Easy to understand instructions and large, clear 
pictorials illustrate clearly the step-by-step 
procedure for enjoying a fascinating hobby that 
takes you away from the 'workaday' routine. 
There's also the thrill when you switch on and 
experience that exhilarating sense of self 
accomplishment, knowing that you've done 
something you doubted you could ever do. 

FOR EXAMPLE 

13 ft 
HBATHZCIT - | CATALOGUE 
_ 1968/69 

o 

Up to 50% 
savings 
over 
factory-built 
equipment 

This 
STEREO RECORD PLAYER 
IS SO-EASY-TO-BUILD 
• Completely assembled and finished cabinet—^ 

no glueing or covering required. 
• Completely assembled Record Changer deck. 

Simply drop in and connect a few wires 
• Only a few components to mount on one 

printed-circuit board. 
• Two 8"x5" speakers, easily mounted. 
• Takes only a few hours to build. 
• Suitcase portability. 
All for only £28-6 Kit SRP-1 pp 10/6 
Choice of blue/grey or red/grey colour scheme. 
(please state preference) 

Send for the FREE CATALOGUE 

AND MAKE YOUR SELECTION FROM A WIDE RANGE 
The latest Heathkit 36 page full colour catalogue contains details of models for the 
Hi-Fi and Audio Enthusiast, the Music Lover, the Tape Recordist and the Hobbyist, 
models for Communication, Test and Servicing, Amateur Radio and Short Wave 
Listening, Models for Educational Establishments and Industry. No matter what your 
vocation, there is something for you in this catalogue. 

FREE 
FACTORY CONSULTATION 
SERVICE 
Heathkit maintain a staff of skilled 
technical correspondents to advise, help, 
and answer any questions about selection, 
construction and use of your model. 
This service is free. A speedy factory 
repair service is also at your command 
should you ever need it. 

SHOWROOMS! 
LOWDOIM 233Tottenham Court Rd. 
FEBRUARY 1969 

| DAYSTROM LTD., 
Dept. RC-1, Gloucester, GL2-6EE. 

Please send me FREE Heathkit Catalogue. 

NAME 

I ADDRESS 
I 

BIRMINGHAM St. Martins Hse. GLOUCESTER Factory 
411 



ELECTROVALUE 

rapid 

mail-order 

service 

EVERYTHING BRAND NEW . NO SURPLUS . PROMPT DEPENDABLE SERVICE . VERY LARGE STOCKS 

* Unbeatable value in SEMI-CONDUCTORS 
30 watt BAILEY AMPLIFIER ofV ̂matched pair output £2/19/- 

matched pair driver £1/10/3. 

MJ48n 
MJ491J 
4036O 
40362J 

40361 12/6; 40362 16/9: BC125 12/-; BCI25 12/-; BC107 2/9 ; BC109 2/9. 
Main amp. PC board 12/6 each but FREE with each complete transistor set. 

Total for one channel £7/8/0 list; with 10 % discount only £6/13/3. 
Total for two channels £14/16/0 : with 15% discount only £12/11/8. 
Complete power supply kit £4/5/0 list. Circuit reprints If- each. 

*G.E. 2N2926 PLASTIC range. 
Red spot {3 =; 55 to 110 2/3 Orange spot p = 90 to 180 2/3 

PRICES REDUCED! 
ABSOLUTELY BRAND NEW 

Yellow spot p = 150 to 300 1/9 
Green spot P = 235 to 470 2/3 

★ TEXAS SILECT range. PR/CES 
30V 600mA npn 
2N3704 p = 90 to 330 3/9 
2N3705 p = 45 to 165 3/5. 25V 200ma pnp 
2N3702 p = 60 to 300 3/6. 
2N3703 p = 30 to 150 3/3. 
Small signal npn 
2N3707 low noise 4 -. 2N3711 p = - 180 to 660 3.11. 

Small signal pnp 
2N4058 low noise 4/9. 
2N4062 p - 180 to 660 4/3. 

BC107 series 
300mW 300MHz fT. T018 BC107 45V p = 125 to 500 2/9. 
BCIOS 20V p = 125 to 900 2/6. 

REDUCED ! 
BC109 20Vp = 125 to 900 2/9. 
BC167 series 
180mW 300 MHz fT, T092 BC167 45V p - 125 to 500 2/3. BCI68 20V p = 125 to 900 2/-. 
BCI69 20V p = 240 to 900 2/3. 
BCI09 and BC169 are low noise. 
BC167, BC168 and BC169 are plastic. 

★ fets. prices reduced f MPF105 25V max., gm 2 to 6mA/V. low noise7/6. 
2N3819 25V max., gm=2 to 6 mA; Y, low noise 9 6. A brand new FET 2N5163 l-8mA V minimum 5/- only. 

★ MINI TRANSISTORS. PRICES REDUCED! 
2N4285 pnp hFE 35 to 150 at 10mA fT 7MHz min. Veb 35V max. 2N4286 npn 30V hFE over 100 at lOpA to 1mA IT 280MHz typ 
2N4289 pnp 60V hFE over 100 at lOOpA to 1mA fT 1.70MHz typ 
2N4291 pnp 40V hFE over 100 at 100mA 2N3794 npn 40V hFE over 100 at 100mA complementary driver/output. 
2N4292 npn 30V UHF N.F. 6dB max at 100MHz. fT 570MHz typ. B5041 Power 1403W at 100oC base temp. 35V, hFE over 100 at 0-5A, Insulated T066 size mounting surface 
Prices : 2N4285 to 2N4292, 2N3794 2/11 ; 85041 13-6. n 

1000 volt 1-5A GENERAL PURPOSE RECTIFIER type IN5054 3/6d. only. 
100V 0*75A miniature rectifier typeTSl l/9d.; 400V type TS4 2/3d. 

ZENER DIODES 3V to 27V 5% 400mW all preferred- vo}tagesr 4/6 each. 

★ m dAf ttn a hi a n £% n n a i ri f* ALL POWER TYPES SUPPLIED NEW TRANSISTOR BARGAINS with free insulating sets 
2N696 2N697 
2N706 2N1132 
2N1302 2N1303 
2NI304 2N1305 
2N1306 
2N1307 2N1308 
2N1309 

5/6 
6/- 
3/5 
13/ 
II- 41- 41- 
41- 6/9 
6/9 8/9 8/9 

2N1613 6/6 2N4060 4/3 BC147 4/3 
2N1711 7/4 40250 is- BC148 3 6 
2N2147 16/9 40406 les BC149 4 3 
2N2369A 6/9 40408 14/6 BD123 24 3 
2N2646 9/6 AC126 6/6 BF194 7/- 
2N2924 51- AC128 6,'- BFX29 !2'3 
2N2925 5/9 AC 176 11/- BFX84 7/5 
2N3053 5/6 ACY17 8/- BFX85 8/3 
2N3054 15/6 AD161 7/- BFX88 7/9 
2N3055 16/6 AD 162 H- BFY51 4/- 2N3391A 5/6 AF114 H- BSX20 4/6 
2N3706 3/3 AF124 7/6 NKT403 14/10 

Peak Sound PA.12-15 Amplifier 
This remarkable new power amplifier module delivers 1T5 watts R.M.S. into 15 ohms and has a maximum distortion level of only 0-1%. In Kit 
Form as advertised £3/19/6., plus 12/- for heat sink assembly and matrix board: PS-45 Power 
Supply Unit Kit £4/19/0 : Pre-amp kit £1/7/0., plus 
6/3 for mono controls, or £1/9/0 for stereo : Active Tone-filter kit only 19/6 plus mono controls 5/- or stereo 16/-. Discounts not available on basic 
kits only. 

DISCOUNTS 
10 % on orders for components for £3 or more; 
15% on orders for components for £10 or more. 
POSTAGE and packing up to order for £1, add 1/-. FREE on orders for £10 or over. 
Overseas orders welcome—Carriage charged at cost 

CATALOGUE 
Send l/6d. for our comprehensive 1969 Catalogue. Invaluable to every serious experimenter, designer and Constructor 

★ resistors 
METAL OXIDE type TR5. 0*5 watt 2% tolerance. 
Very low noise, low temperature coefficient, low 
drift. A PROFESSIONAL resistor. 
All E24 preferred values 10 O to 1M O. 
Price: 1 to 11, lOd.; 12 to 24. 9d.: 25 up, 8d. 
CARBON FILM high stab low noise. 
W 10% 1 O to 3*3 O 
W 5 % 3*9 n to 1M O 1/10 doz., 14/6 100. 
W 10% 4*7 Q to I0M Q 1/9 doz., 13/6 100. 
W 5% 4*7 Q to 10M H 2/2 doz., 17/- 100. 
1W i0%4*7nto 10M Q 3/3 doz., 25/10 100. 
1/6 lew per 100 if ordered in complete lOO's of one 
ohmic value. Please state resistance values required. 
CARBON SKELETON pre-sets.: 100 Q, 250 O, 
500 0,1 k 0,2k 0,2*5k 0,5k 0,10k 0,20k 0,25k Q, 
50k n, 100k O, 200k O, 250k O, 500k ft, 1M ft, 
2M ft, 2*5M ft, 5M ft, 10M ft. Vertical or horizontal 
mounting. Small high quality, 1/- each; Sub-min 
type lid. each. 

★ electrolytics 
SUB-MIN., C426 range (pF/V): 0*64/64; 1/40; 
1*6/25; 2*5/16; 2*5/64; 4/10; 4/40; 5/64; 6*4/6*4; 
6*4/25; 8/4; 10/2*5; 10/16; 10/64; 12*5/25; 16/10; 
16/40; 20/16; 20/64; 25/6*4; 25/25; 32/4; 32/10; 
32/40; 32/64; 40/2*5; 4t)/16: 50/6*4; 50/25; 50/40; 
64/10; 80/2*5; 80/16; 80/25; 100/6*4; 125/4; 125/10; 
125/16; 160/2*5; 200/6*4; 200/10; 250/4; 320/2*5; 
320/6*4; 400/4; 500/2-5; •♦Price reduction 1/3 each. 
MINIATURE (pF/V) : 5/10; 10/10; 25/10; 
50/10,9d. each; 25/25; 50/25; 100/10; 200/10; 
1/- each; 50/50; 100/25, 1/6 each; 100/50; 250/25, 
2/- each. 
LARGE (pF/V): 1000/50 7/-; 2000/50 9/3; 5000/50 
17/6; 5000/25 10/3; 2500/64 15/-. Vertical clips for 
above types 9d. each. 

* CAPACITORS 
Ceramic disc : 20 % 500V: lOOOpF. 2000pF. 5000pF; 
50V O'OlpF, 0*02pF, 0*05pF. Mylar film 10% 
100V: lOOOpF, 2000pF, 0*01pF. 0*02pF, 0*03pF, 
0*05pF. Polystrene 5% 160V: 22pF and preferred values to 820pF. ALT. at 5d. each. 
Polyester 250V 20%: 0*01. 0*015, 0*022. 0*033, 
0*047, 0*068pF, 7d. each; 0*1 pF 8d. 
Polyester 250V 10%: 0*15. 0*22, 9d.; 0*33, 1/2; 
0*47 1/6; IpF 2/3; 2*2pF 4 -. 

★potentiometers 
Short spindle 100 ft to I0M ft hn., 5K ftto 5M ft log, 
std. values only 2/- each. Long spindle 4*7K, 
10K, 22K, 47K,'l00K, 220K ft lin. or log.—ONLY 
2/6 each. Long spindle dual stereo: 10K. 22K, 

47K, 100K, 220K ft lin. or log.—ONLY 8;6d. each. 

EVERYTHING BRAND NEW . NO SURPLUS . PROMPT DEPENDABLE SERVICE . VERY LARGE STOCKS 

ELECTROVALUE 
DEPT. RC.19, 32a, ST. JUDES ROAD, 
ENGLEFIELD GREEN, EG HAM, SURREY. 
Telephone: Egham 5533 (STD 0784-3) 

412 THE RADIO CONSTRUCTOR 



<4fe ELECTRONIC COMPONENTS 
ra 

2 N388A IS. 2G374B 
2M697 8 2G382 

Jx.VK "2 0479M 4 8 OC123 7. 0A"5 2 8 nASI 1.8 OC139 . I- BAY38 J - OA85 1,8 0C140 12; BC1"7 *2 OA90 0C160 12; 2*706 « 2S002 2H706A 4 S 25017 2M711A Jl 2S024 1 
BCI08 4 0A91 0C189 8/- nrYin T' oa95 ** BCY31 » OA202 OC200 8; 

2*1132 7 1 25702 1 ScS '1. ;; S|5 IS. 
2N1303 S, AAY30 2N1304 8/- AC107 1 * dj oSzioi 11 OC20S : 

!3ii lr 
8. BCV4. 19/4 OAZJ07 7/. 0C206 1# • nrv?. i'l OAZ208 S« OC207 7,4 SCY7' 18 OA2241 3(8 0RP12 »:8 

2*1613 ii Aciaa i 2*2368 «:• ACY17 
SCZ'' 10;4 OM243 8u OfiP8° 8; 

« soils \\* I* SX6313 7-4 
J |FX12 4/9 0AZ270 3/8 5X636 1 0.9 2N 2369A 7/4 ACYIS 2*2646 10/ ACY20 2*2147 17; ACY2I 
8 If"! U'l CC20 33/' SZ20C 18;- 7/9 OC22 IS; C426 »,3 2*2148 12; ACY22 2*2160 1«» AD149 1 2*2925 ( AD161 2N2926 2,4 A0162 
! ofvt? OC23 14/- P346A 4; f St;;! oc24 to/- V405A 9.3 I J" • - OC25 4.0 EC401 4/ - 8 If ill ! , 0C26 11/- £0402 4/4 2*3702 S- ADZ11 j 

2*3704 S: AF102 1 2*3706" ». AF114 
RIYI? 2',2 oc:!8 0,11E 18'" ' SIS. »g; 'j); J;, 

2*3706 4/S AF115 2*3707 8 9 Af116 8 BTY91/150A 38- oc36 13/- EA403 's/S 1 5 " OCii 3.8 t®383 1/4 S'J;? . : 0043 4/- BCI13 9/ 2*3709 AF127 2*3710 8 ^ API 39 1 
eYX35 100 2 - OC44 j/. BC118 7/9 ! 0C45 1;. BC125 14/ 372.3 7 8 ocj, 3/- 80126 14/- 87213 S 4 nC72 4 8 BC154 11/- 4 8;I??.CZ4 ,8 8 0073 I;- 88152 11/8 2*3055 22 AF186 1 2*3820 29 - AFZ11 1 2G310 4 9 AF212 1 I SI;.';; f* 0076 20 MPEIOZ 11, * GET .3 1 OC77 MPP103 8/8 

2G306 tit ASY28 2G308 8/9 ASr26 2G309 ID. ASY29 2G339A S ASZ21 1 2G345B 3. ATZ10 
',1 1 ocsio 4t mpfio4 i»;- /4 GETUS 9 0C8J MPfl06 181 '• OAS 3 9 OC83D 3/- MJ481 27 - '* OA47 1.8 OC83 8/- MJ491 »•- OA79 \\ O"4 

All semiconductors offered bear the relative manufacturers original markings and are subject to full replacement guarantee if not fully to published ratings. Prices quoted ate current at publication date and may be subject to variation. We do not offer for sate "re-marked" transistors. 

SILICON RECTS. 
FULLY TESTED 
GUARANTEED 

PIV 200mA 750mA 2A 10A 6d 2 3 9d 18 2 3 

THYRISTORS SCR'S 
V 1A 3A 10A 100A 
I 7/6 — 7 6 20/- 
10 — 10 - 10 - 22 - 

Many other types available. Bulk quantities at special pnct Send us your requirements. 

SPECIAI ZENER DIODE OFFER 
Type Volts Walts Tol. Price 
OAZ241 6-1 v 230mW 5% 3/- 
OAZ2d3 6-2v 230mW 5% 4/- 
OAZ247 9-1 v 230mW 616 6.'- 
1N2:2 12v 1 Watt tOV. 3- 
ZF15 16v 4C0mW 5* 2« 
Many oihei voltages anfl types always in stock—i Wan to 15 Watt 

INTERNATIONAL RECTIFIER "SEMICONDUCTOR CENTRE" 

(AH include free instruction booklets) Solar Drive Motor 39/6 (For use with IR photocells) 
KB46Zener Diode Experimental kit containing 12 Zeners 3-30y 3-10 Watt Bargain price this month only 46/- 
DD119C Dow Corning Silicone grease for use on heatsinks approx. 6-5 grams per tube 6/- 

Full SEMICONDUCTOR CENTRE Lists and Prices in our Free Retail Catalogue 

2N3819FETAS
8- 

AD1B1/AD162 
NPN/PNP 10/- 

BC107/8/9 2/9d 

TAA7B3 17 0 

TIS43 i/9d 0 

FAIRCHILD uLoqic 

SEND nosT thi^T fbA 
CW &T 

SL701C sr 18/- 

LST 

VEROBOARD -IB" MATRIX 2J x 3J 3 3d. 33 x 32" 3/1 Id. 2J x 5" 3/1 Id. 33 x 4" 5/6d. MICROVERO -1" MATRIX 33 x 2i' . 4/- piece Spot face cutlers 9/- e Pack of 36 pins for -15' 3/- 
20 WATT AMPLIFIER KIT Fairchild AF11 design. Complete £8.8.0d. SAE details. 

S'DeC "BREADBOARDS" Single S DeC -29/6d. New2-DeC incl. component tray 67/'6d. 4-DeC kits £5.17.6d. All kits incl. data boo^etc* 

9/6d. et RCA Tranistor Manual 554 pages data circuits, inc. SCR s 28/- ea Designers Guide to British Tramsto Invaluable data book gives 1000 common types plus c substitution chart. 25, - POST & PACKING BOOKS ONLY 2. 6d. e 

34 PAGE CATALOGUE FREE ON REQUEST 
POSTAGE & PACKING BY FIRST CLASS MAIL 1/- CASH WITH ORDER. EXPORT ENQUIRIES WELCOME. BULK QUANTITY PRICES ON APPLICATION. CALLERS WELCOME AT OUR RETAIL SHOP S MAIL ORDER DEPARTMENT:- 

7 COPTFOLD ROAD Telephone: BREIMTWOOD Brentwood ESSEX 7904 

. THE MODERN BOOK CO _ 

RADIO COMMUNICATION HANDBOOK 
The Radio Society of Great Britain 

63/- Postage 4/6 

Hi Fi Yearbook 1968/69. Edited by Miles Henslow. 
15s. Postage Is. 
TV Fault Finding 405 and 625 Lines. Edited by J. R. 
Da vies. 8s. 6d. Postage 9d. 
FET Circuits. By Rufus P. Turner. 25s. Postage Is. 
Inter G.E.C. Transistor Manual. 7th edn. 21s. 
Postage 2s. 
Hi Fi in the Home. By J. Crabbe. 40s. Postage Is. 6d. 
Audio Amplifiers. Edited by J. R. Davies. 10s. 6d. 
Postage 9d. 
RSGB Amateur Radio Call Book 1969. 6s. 6d. 
Postage 9d. 
Transistor Substitution Handbook !Uo. 8. 16s. 
Postage Is. 

World Radio-TV Handbook 1969. 35s. Postage 2s. 
Transistors for Technical Colleges. By L Barnes. 
25s. Postage Is. 
Q. &■ A. Radio and Television. By H. W. Hellyer. 
8s. 6d. Postage 6d. 
Colour Television Pal System. By G. N. Patchett. 
40s. Postage Is. 
Transistor Electronic Organs for the Amateur. 
By A. Douglas & S. Astley. 18s. Postage Is. 
Beginners Guide to Transistors. By J. A. Reddi- 
hough. 15s. Postage Is. 
Practical Wireless Circuits. 17s. 6d. Postage Is. 
Practical Television Circuits. Revised by R. E. F. 
Street. 30s. Postage Is. 

New Catalogue 2s. Od. 
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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Happy Fmmlies 

These are the times when Simon and Clare know that it has all been 
worthwhile. But they know too that such moments of happiness are 
only complete when there is also a feeling of security for the future. 
And Simon's "Family Unit" Policy with the "Yorkshire" guaran- 
tees them all a future - if the worst should happen. 

Happiness in j/owf* family too—but for kow long ? If you or soar wi/e should 
die, how would the rest of the family fare? A Yorkshire Family 
XJmV policy provides for both these eventualities in a comprehensive 
way at a sensible premium. Just ask for a leaflet at your local Yorkshire 
branch and then see the manager. He'll be glad to tell you why ... 

TK ■ ■ X T I 1 ^ fi ^Please send me details of the Family Unit 

it's i ll I iliol I llihJhr I 

IN8DRANCE jrzz— 

THE YORKSHIRE INSURANCE COMPANY LIMITED | Chief Offices; Eougier Street, YORK .     J,B, 
and Beoket House, 36-37 Old Jewry, LONDON, E.C.3. I  

Branches and Agencies throughout the world 
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PAK 

LIMITED 

FULLY TESTED AND MARKED 
AC 107 AC 126 AC 127 AC 128 ACYI7 AFI 14 AFI 15 AFI 16 AFI 17 AFI 18 AFI 86 AFI 39 AF239 BFY50 B5Y2S BSY26 BSY27 BSY28 BSY29 BSY95A OC4i OC44> OC45 OC71 OC72 OC73 OC81 OC81D OC83 OCI39 OCI40 

3/- 2/4 2/4 2/4 3/- 4/- 3/6 3/6 3/6 3/6 10/- 10 12/6 4/- 7/6 3/- 3/- 3/- 3 - 3 - 2/6 
'/11 1/9 2/6 2/6 3/6 2/6 2/6 4/- 2/6 
3/6 

OCI70 OC17I OC200 OC201 2G30! 2G303 2N7! i 2N I 302-3 2N I 304-5 2N I 306-7 2N1308-9 2N3844A Power T ransistors OC20 OC23 OC25 OC26 OC25 OC35 OC35 AD149 
AUY10 Diodes AAY42 OA95 OA70 OA79 OAS i OA73 IN9I4 

3/- 4/- 3/6 II— 2/6 2/6 10/- 4/- 5/- 6/. 8/- 5/- 

.10/- 10/- 8/- 5 7/6 5 7/6 10 - 
30 - 
2/- 2/- 1/9 1/9 1/9 2/- 1/6 

SPECIAL OFFER!! 
Exclusive to Radio Constructor readers 

ELECTRONIC DIGITAL CLOCK 
PAK CL1 

This pack is approved by the author 
of the project, in this issue. 
This pack consists of all the Semi- 
conductors needed to build the Digital 
Ciock. 
Contents: 
110 Silicon Transistors 

>' 1 OC36 Power Transistor 
132 Silicon Diodes 

1 Zener Diode 
AH the Components are 

tested and fully guaranteed 

FREE! 
PACKS OF YOUR OWN CHOICE UPTO 
THE VALUE OF 10/- WITH ORDERS 

OVER £4 

PAKCL1 
All this .OC 
for onlyX. w 

N.B.-Please add 1/- post and packing 
with order. We very much regret that 
the "Free Choice" offer is suspended 
with this pak. 

PRE-PAKS 
Selection from our lists 

No, Price 
B1 50 Unmarked Trans. Untested - 10/- 
B2 4 Photo Cells Inc. Book of Instructions- 10/- 
B6 17 Red Spot AF Transistors - 10/- 
B6A 17 White Spot RF Transistors - 10/- 
B9 1 ORP 12 Light Sensitive Cell - 9/- 
B53 25Sil.Trans.400Mc/s Brand New - 10/- 
B54 40 „ „ NPNto5 i Trans Voltage -10/- 
B55 „ „ NPN To 18 f a Gain Fallouts - 10/- 
B56 „ „ NPN/PNPJ All Tested 10/- 
B68 10 Top Hat Recs. 750 M/A 100-800 PIV- 10/- 
B69 20 Diodes. Gld-Bnd. Germ Sii. Planer - 10/- 
B74 5 Gld-Bnd. Diodes. 2-OA9, 3-OA5 - 10/- 
B75 3 Comp. Set. 2G371, 2G381, 2G339A - 10/- 
C2 1 Unijunction Transistor 2N2160 15 - 
C32 6 Top Hat Recs. IS1 00 Type - 15/- 

5 3 Unijunction Trans. = to 2N2160 -15/- 
A1 7 Silicon Rectifiers BY100 Type 20/- 

A3 25 Mixed Marked and Tested Transistors - 20/- 
A21 5 Power Transistors 1-AD149/1-OC26 

and 3 others - 20/- 
AND MANY MORE 

JUST INTRODUCED 
2 BRAND NEW ITEMS ! I I 

TRANSISTORS ONLY 1/- EACH 
SILICON • PLANAR • N.P.N, • P.N.P, 
All these types available 
2N929 2N706 2S131 2S103 2N696 2N1613 28733 BFY10 
2S501 2N706A 2S512 28104 2N697 2N1711 2N726 28731 
BC108 2N3011 28102 2N2220 2N1507 2N1893 2N2484 28732 
All tested and guaranteed for gain and leakage—unmarked. 
Manufacturers' fall outs from the new PRE-PAK range. 

NEW UNMARKED UNTESTED PAKS ^ 

PAK B.78 
Integrated Circuits, Mixed 
Untested, Types include: 
MIC 930, 932, 936, 944, 945. 
946, 948, 950, 951 & 962. 
These are STC Type Numbers. 
Data & Circuits supplied with orders. 

PAK B.79. 
Genuine I.T.T. Fully 
Tested and Marked Diodes 
IN4007 1 Amp. 1000 Volt. 

10/ 
irders. 

10/ 

25 ESY95A NPN Silicon TRANSISTORS 10 - 1 
10 DC45—OC8' TRANSISTORS 10 - 
25 3SY25-27 NPN Silicon TRANSISTORS 10- 
10 10 Watt Silicon All Voltages ZENERS 10/- 
25 BFY50-1 -2 NPN Silicon TRANSIST0RS 10/- 

1 10 4 amp. Stud. Silicon RECTIFIERS 10/- 

I 25 BC107-8-9 NPN Silicon TRANSIST0RS 10/- 
I 40 1N914-6 OA200/202 mnncoin/ Sub. Min. Silicon UlUUtblU,- 
liso Min. Germ. High Quality DI0DES 10 - 

9c 2N706 A NPN Silicon TRANSISTORS 10 - 

Make a Rev. Counter for your Car. The- 
'TACHO BLOCK'. This encapsulated block 
will turn any 0-1 mA meter into a perfectly 
linear and accurate rev. i 
counter for any car. 
State 4 or 6 cylinder. 

icici IIIIU a 

20/ each 

FREE CATALOGUE AND LISTS 
for;— 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE-PAK LISTS 
& SUBSTITUTION CHART 

MINIMUM ORDER 10/- CASH WITH 
ORDER PLEASE. Add 1/- post and packing 
per order. OVERSEAS ADD EXTRA FOR 
AIRMAIL. ' 

PRE-PAK. N.605 POWER TRANSISTOR EQUIVALENT TO NKT301-2-3-4 
COMPLEMENTARY SET 
NPN/PNP GERM. TRANS 

5/- each 

2/6Pa'r 

I 

THERE IS ONLY ONE 
BI-PRE-PAK LTD 
BEWARE OF IMITATIONS 

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

-T T 
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DEPT. A. 222-224 WEST R0AD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE; SOUTHEND (0702)46344 



HE IlECIRONIC CDMPONENIS CAHEOCIIE 

mSETS THE STANDARD 

Used and 

acclaimed by:- 

SCIENTISTS 

ENGINEERS 

TECHNICIANS 

TEACHERS & 

STUDENTS 

o 

/ft I mi: 

' 

HOME RADIO (COMPONENTS) LTD 

The latest edition 
of the famous Home 
Radio Catalogue is the 
result of eleven years 
of most careful select- 
ing, compiling and 
indexing. 

m 
1 ■t r 

m*'" 
I 

r r r r r 

Of course, no catalogue is ever really finalised. As soon as we have one edition 
off the press, our researchers get busy finding out what is the latest and best 
in the world of Radio and Electronics—ready for the next printing. 

This edition is without doubt the finest, most compre- 
hensive we have ever produced—it has 300 pages, over 8,000 
items listed, over 1,500 iiiustrations. It really is a must for anyone 
interested in radio and electronics. 

With each catalogue we supply a Book Mark giving Elec- 
tronic Abbreviations, an Order Form and an addressed envelope. 
All this for only 8/6 plus 3/6post, packing and insurance. By the 
way, every catalogue contains 6 vouchers, each worth 1/- when 
used as directed. Send the attached coupon today, with your 
cheque or P.O. for 12/-. You'll be glad you did ! 
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i 

Radio (Vlitchaml Ltd., Dept. RC. 187 London Rd.. Mitcham, CR4 2YD 
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5-BAND PRESELECTOR 

by 

D. W. EASTERLING 

Covering long waves, medium waves and short waves up to 30 Mc/s, 
this 2-transistor preselector is primarily intended to improve the r.f. 
performance of the more inexpensive class of communications receiver. 
Constructional and wiring problems are eased by the fact that only one 
coil is switched into circuit for each band, or range, covered. A list of 
suitable coils is suggested, but the simplicity of the tuning arrangements 

will allow many constructors to use coils that are already on hand 

There are quite a number of low-cost 
communications receivers on the market which 
offer good Dx performance but which suffer from 

the lack of an r.f. stage. The writer has a receiver in this 
category which tunes continuously from 500 kc/s to 
30 Mc/s and is provided with very good bandspread and 
a clear dial. 

This receiver has a built-in ferrite rod for medium 
waves, whilst a telescopic whip aerial is supplied for use 
on the short waves if required. But when a good outside 
aerial is applied the disadvantage of having no r.f. stage 
becomes at once apparent. Selectivity is not fully 
satisfactory and second channel interference becomes 
noticeably more significant as the operating frequency 
increases. 

The preselector described here was built to overcome 
this problem. A preselector is, simply, a tuned r.f. stage 
which is connected between the aerial and the main 
receiver. It has, of course, to cover the same frequency 
range as the receiver, and so the operator has to contend 
with an additional wavechange switch and tuning control. 
In practice, however, operation is simple; the preselector 
is set roughly to the required frequency, the main receiver 
tuned in in the normal way, and the preselector finally 
adjusted for best results. The added r.f. selectivity provided 
by the preselector then ensures that second channel 
interference is very considerably reduced. It also improves 
signal strength as well. 

The author's unit is cheap and simple to build. It may 
be used with any set and will, in particular, enhance the 

\o o/ 
2N706 

Lead-outs 

"4 
slb TR 

2N706 
C3 TR * C4 2N706 II 

4-5V  Aerial 
^2 input 

r — Output to 
receiver 

vc. 
5|a 

z 

418 
Fig. 7. The circuit of the 5 band preselector 
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performance given by short wave receivers without an r.f. 
stage. It has other applications as well. Two typical 
examples are its use with a transistor portable in a car or 

caravan, or to improve the reception of Radio 1 or Radio 
2 in localities where either of these signals is difficult to 
receive. 

COMPONENTS 

Resistors 
(All fixed values-J watt 10 %) 
R! lOOkQ 
R2 lOkfl 
R3 ikn 
R4 iookn 
R5 470Q 
VR, Ikfl, potentiometer, linear 
Capacitors 
Ci 0-0 IpF, paper or plastic foil 
C2 1,000pF, silver-mica 
Ci 10pF, silver-mica 
C4 0-lpF, paper or plastic foil 
C5 l,000pF, silver-mica 
VCj 500pF variable, air-spaced 
Inductors 
Lj-Ls See text 
Transistors 
TRt 2N706 
TR2 2N706 
Switches 

1(a) <b) 2-pole 6-way rotary (see text) 
S2 s.p.s.t., on-off. toggle 
Battery 
83 4*5 volt battery type 126 (Ever Ready) or as 

required 
Miscellaneous 
1 slow motion drive and scale 
2 pointer knobs 
Coaxial cable and connectors 
Tagboard, 2 x 10-way 
Wire, material for case, etc. 

Li a l23 3 La 

sib f J 

6t 5 

(ai 

To VCj and C3 

sj* 
From 

Cp Wave-trap 

(b) 

Fig. 2(a). This alternative method of connecting 
L1 into the SI(b) switching circuit may be of 

assistance with some coils 

(b). In the prototype a wave trap was switched 
into circuit on Range 3 to combat local interference 
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THE CIRCUIT 
Reference to Fig, 1 will show that two 2N706 silicon 

transistors are used. Although these are designed mainly 
for high speed switching, they were found to work well in 
this application, and have the advantage of being extremely 
cheap on the surplus market. The aerial is fed via Cj to 
the emitter of TR,, which operates in the grounded base 
mode; its base being biased by R, and bypassed to chassis 
by Cj. The input is low impedance and untuned, and is 
consequently suited to most simple aerials including the 
wire dipole favoured by many Dx listeners. The only tuned 
circuit is in the collector of TR^ and from here the output 
is taken to the base of TRj which operates in grounded 
collector. TR2 provides a low output impedance for con- 
nection to the receiver via a short length of coaxial cable. 

The tuned circuit in the collector of TRj is the 
appropriate coil selected by S1(b) in parallel with the 
tuning capacitor VCj. For ease of operating, it was 
decided to arrange matters so that the preselector ranges 
had approximately the same coverage as those of the 
receiver, but since a spare 2-pole 6-way switch and long/ 
medium wave coil were to hand, it was decided to provide 
long wave coverage as well. The sixth position of the range 
switch enables the transistors and tuned circuit to be by- 
passed. For convenience in wiring Lj (the highest 

frequency coil) is in series with the wiper of S1(b) so that it 
is in circuit on all other ranges as well. No ganging is in- 
volved, and so the small extra inductance is unimportant. 

Since only one coil is switched in for each range and 
there are no complications due to taps or coupling 
windings, the provision of coils L, to L5 is a simple matter. 
In the prototype the writer employed short wave coils 
that were already on hand, removing turns where necessary 
to cover the required frequency range. A grid dip oscillator 
facilitates this task, although it is, of course, possible to 
find the coverage of an individual coil after the rest of the 
preselector has been completed by working with the 
receiver. The ranges provided are shown in the Table. It is 
not necessary for the constructor to obtain exactly the 
same coverage for each range as was chosen by the writer 
and he can employ whatever coils he wishes. In some cases 

TABLE 
Range coverage with the prototype 

S, Range Range Range 
position number (meters) (frequency) 

1 1 30-10 10- 30 Mc/s 
2 2 60-25 5-12 Mc/s 
3 3 200-50 1-5-6 Mc/s 
4 4 540-190 550-1,600 kc/s 
5 5 2,000-700 150-430 kc/s 

6 Preselector bypassed 

it may be found more convenient in this respect to use the 
alternative coil switching circuit shown in Fig. 2(a), in 
which coil Li is switched in only on Range 1 and is not 
in circuit all the time. However, the Fig. 1 circuit has the 
important advantage of enabling I,! to be wired into 
circuit with short leads. 

If the constructor has no suitable short wave coils on 
hand, the frequency ranges can be provided by the 
following Teletron coils: Range 1, Teletron HFA4; 
Range 2, Teletron HFA3; Range 3, Teletron HFA7. A 
suitable dual range coil for L4 and L5 is the Repanco coil 
type DRR2. Note that it is the medium wave winding of 
this coil which is connected in the L4 position, with both 
windings in series for long waves. In all cases, no 
connections are made to any coupling or reaction windings 
on the coils employed. (The Teletron coils are available 
from Home Radio (Components) Ltd.—Editor.) 

On position 6, switch section S1(a) bypasses the main 
circuit and allows the aerial to be fed direct to the receiver. 
At the same time, S1(b) renders TRj inoperative. The 
writer found that the direct connection offered by S1(a) was 
not of great practical use and the facility can be omitted, 
if desired, whereupon it becomes possible to employ a 
single pole, instead of a double pole, switch for range 

S 

tT" •> 1 

■ ■ 

"■ 

m s- 

: •' 

Top view of the unit. 
The 4-5 volt supply is provided 

by a bell battery 
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COVER PLATE 

MAIN SECTION 

For battery securing wire 

For ojp coaxial lead 

For i/p coaxial lead "'/S flange i 

VR[ 

Q QS| 
s1/^ 

/\ 

yi/z 

53/4 

Fig. 3. Outside dimensions and method of assembling the case. The 
holes for controls, etc., may be positioned to suit the components 

employed 

selection. In the writer's case, local conditions made it 
desirable to retain S, (a) for another reason and it performed 
the secondary function of switching in a wave-trap on 
position 3, as shown in Fig. 2(b). The writer lives near a 
powerful radio beacon which produced interference on 
Range 3 and this was cleared by the added wave-trap. It 
is doubtful if many readers will have the same problem, 
but the writer mentions the approach adopted in his own 
case as it will be of general interest. In the accompanying 
photograph, the wave-trap can be seen in the form of a 
screened coil with a trimmer mounted above it. The 
wave-trap is tuned to the fundamental frequency of the 
beacon (which is considerably higher than the band of 
frequencies in Range 3) and it is possible that the 
interference it causes on Range 3 is due to shortcoming in 
the main receiver. 

The input and output circuits of TRi are in phase, and 
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leads in these circuits should be spaced from each other to 
prevent excessive regeneration. The writer found that 
there was a tendency towards oscillation on Range 2, and 
this was cleared by connecting a lOkfl resistor across L2. 
(This lOkfl resistor is not included in the components list.) 

It was found impractical to apply a.g.c. to the 
preselector, but manual r.f. gain is an advantage. Several 
methods were tried, and finally it was a choice between a 
potentiometer in the emitter of either TRj or TR2. As 
there is no tendency for strong signals to overload the 
preselector under normal conditions, the control was 
inserted at the output end in the emitter circuit of TR2, 
where a marginal unprovement of signal/noise ratio 
could be obtained. 

Optimum performance is given when the unit is running 
at about 3-5 volts, when the total current drain is just 
under 2 mA, and so it was convenient to use a 4-5 volt 
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battery with its voltage dropped by the R5Q network. 
Higher voltages can be used provided the value of R5 is 
adjusted to produce a supply potential between 3 and 3-5 
volts. A separate on-off switch is employed, but it could 
alternatively be ganged with VRj. 

Capacitors C2 and C5 provide d.c. isolation between 
the preselector and its external connections, and resistor 
R2 prevents any static build-up on the aerial. The 
preselector output may be coupled to the aerial and earth 
terminals of the mains receiver. If the latter is of the a.c./d.c. 
type having its chassis connected to one side of the mains, 
adequate isolating capacitors must be connected in series 
with its aerial and earth input terminals, and the preselector 
chassis must be connected to a reliable earth. 

CONSTRUCTION AND OPERATION 
The preselector is housed in a metal case which also 

acts as a chassis. The case used for the prototype is shown 
in Fig. 3, and consists of two U-shaped sections. The main 
section has a-|in flange on all edges and is drilled to take 
the panel components; the other section is a cover plate 
and is secured to the flanges of the main section by small 
self-tapping screws. This case is larger than necessary 
because the height and depth dimensions were chosen to 
match those of the receiver. It was possible therefore to 
use standard components and a large 4-5 volt bell battery. 
A 4m plywood baseboard is recessed within the lower 
flanges and helps to give the unit weight and prevent it 
moving about when being tuned. It also provides a 
convenient means of mounting the components. Other 
constructors may well prefer to build a smaller and lighter 
case, but a description of the method adopted by the 
writer for his own version may still be of assistance. 

Aluminium sheet was used, this being drilled and bent 
to shape before receiving two coats of grey paint. A two- 
tone effect was produced by covering the front and back 
panels with self-adhesive vinyl film (Contact or Fablon). 
Red mottle was chosen by the writer, but other shades are 
available. The material is laid uncut over holes in the 
metal and, whilst held firmly fixed, holes are pierced in it 

with a sharp point and the unwanted material removed 
with a medium file. 

With the case painted and panels covered, the 
components may be fitted. Thin washers were inserted 
below the control fixing nuts to prevent damage to the 
vinyl film. The coils were screwed direct to the wooden 
baseboard, as was the tagboard which is used for mounting 
the smaller components including the transistors. The 
battery is secured by a length of plastic-covered curtain 
wire which loops from two eyes in the baseboard over the 
battery, and passes in and out of two holes drilled in the 
back panel. 

The writer used an ex-R.A.F. slow motion drive for 
VCi. A suitable alternative could be the Eagle Products 
T502 drive. 

The layout was not found to be critical, but care must 
be taken to keep the r.f. connections—and particularly 
those in the tuned circuit switched by S1(b)—as short as 
possible. The two high frequency coils (Lj and L2) were 
mounted nearest the range switch. The transistors were 
the last to be wired in, and precautions were taken to 
ensure that they were not subjected to prolonged heat. 
The battery was not connected until the unit was 
completed and carefully checked. Because no non- 
reversible plug was used with the particular battery 
employed, coloured leads connect to the battery: red for 
positive and black for negative. Input and output are 
taken by coaxial cables passing through holes in the back 
of the case. 

The operation of the preselector has already been 
described, and it will be appreciated that a simple tuning 
calibration chart is of assistance. This was placed on the 
front panel of the prototype. The chart enables the tuning 
to be positioned somewhere near the optimum point; the 
final tuning being carried out by ear or by reference to the 
receiver signal strength meter. A little practice soon 
teaches the operator how to avoid the second channel. 
Chart calibration is obtained direct from that of the 
receiver, and it will be found that a signal generator is 
more convenient than broadcast signals as a signal source. 

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 

R3645 Unit.—W. Inches, 18 Moulin Place, Glasgow, 
S.W.2—requires any information on this unit (later 
version of R1355). 
Ferranti RP1008 Record Player.—N. I. Hookwars, 42A 
Marpool Hill, Exmouth, Devon—nomenclature of valve 
types used in this player. 
Amplifier for WS No. 19 Mk III.—G. R. Morse, Christ- 
owe, Sandford Road, Cheltenham, Glos.—circuit required 
of any home made design, either valve or transistor. 

22 Set.—J. Walwyck, 321 Parkside Avenue, Bamehurst, 
Bexleyheath, Kent—loan or purchase of circuit or manual. 

Magnaphon Tape Recorder.—R. J. Burr, 64 York Avenue, 
Sidcup, Kent—-circuit or manual, loan or purchase, this 
recorder fitted with Motek tape deck and twin speakers, 

Cossor Oscilloscope 1045K.—T. Bogg, 37 Toronto Road, 
Ilford, Essex—loan or purchase of manual. 
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SUGGESTED CIRCUIT No. 219 

SIMPLE 

REMOTE 

ON-OFF SWITCH 

by G. A. FRENCH 

n !U 

a 

The writer was agreeably 
surprised, when reading "Radio 
Topics" in the last October issue 

of The Radio Constructor, to see a 
detailed reference to a remote on-off 
switching circuit which had originally 
appeared in a very early article in the 
"Suggested Circuit" series. Briefly, this 
circuit employed a relay which was 
initially energised by a remote battery 
and which then became "held-on" by 
the h.t. supply in the controlled 
equipment. The relay was de-energised 
by short-circuiting it from the remote 
point. 

The circuit was popular with 
constructors when it first appeared and. 
after reading the piece by "Recorder", 
it occurred to the writer that it could be 
readily brought up to date by taking 
advantage of one simple component—a 
silicon rectifier. The writer hastens to 
add that the original circuit appeared 
many years before silicon rectifiers 
became available ! 

CIRCUIT APPLICATION 
So far as application of the control 

circuit is concerned, it is intended for 
switching on and off an item of mains 
operated equipment from a remote 
point, the equipment being, say. a 
transmitter, receiver or amplifier. If the 
equipment and the remote control point 
are in separate buildings or, even, 
separate rooms in a single building, the 
wiring between them should not, for a 
number of reasons including safety 
requirements, be at mains potential, A 
simple solution to this switching problem 
consists of fitting a relay at the equipment 
end, this being controlled via a low 
voltage circuit from the remote point. 
Unfortunately, a relay consumes current 
continually when it is energised 
whereupon it becomes necessary to 
either devise some means of obtaining 
a low voltage supply from the mains or 
to use a battery. However, neither of 
these approaches is very attractive. The 
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provision of a low voltage supply from 
the mains introduces unwanted 
complications, whilst the second 
alternative is expensive due to the 
necessity of making frequent battery 
replacements. 

The revised remote on-off switching 
control circuit which will now be 
described suffers from none of these 
disadvantages. It employs a battery 
(sited at the remote position) but this 
battery is required to provide relay 
energising current for very short periods 
only and its life should not be much 
shorter than its shelf life. The only 
limitation with the circuit is that the 
controlled equipment must have an 
isolating mains transformer in its power 
supply section. 

The circuit appears in Fig. 1 and it 
will be seen that it is basically very 
simple. Let us assume for the moment 
that the controlled equipment employs 
valves and that it has the conventional 
h.t. positive supply rail which appears 
in such equipment, the chassis being at 

h.t. negative potential. This chassis is 
isolated from the mains and one of the 
remote leads is connected to it. 

We may start a description of circuit 
operation with the switch at the remote 
point in the "off" position. Under this 
condition the relay is de-energised and 
its contacts, RLA1, are open. The 
equipment is, in consequence, switched 
off. WTien the remote switch is set to 
"On" the battery couples to the relay 
coil via silicon diode D,, the switch and 
the remote lines. The relay energises, 
causing its contacts RLA1 to close and 
the mains supply to be applied to the 
equipment. An h.t. voltage appears 
almost immediately if the equipment 
has a solid-state rectifier (e.g. silicon or 
selenium). If it has a valve rectifier, there 
is a short delay before an h.t. voltage 
becomes available. In either case as 
soon as the h.t. voltage appears a current 
flows through R, to the relay coil, Ri 
having a value which causes the voltage 
across the coil to be slightly higher than 
that provided by the battery In 

Relay 

DDOOO On ►F 
Off 

Remote 
position 

contacts 

K 
To mains 
transformer 

RLA| L 

^ From 
N 

HT-f R! | E 

Relay i—*—i RLA 
coi 1 '—i—' ' 

Remote lines  1 
JL, Equipment 

chassis 

Mains 
supply 

Controlled equipment 
Fig. 1. The circuit of the remote control system. Current is drawn from 

the battery for short periods only 
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To mains 
earth 

Off 

Remote line 

t. 

i 

To equipment 
chassis and 
mains earth 

Fig. 2. If a reliable maim earth is available at the remote position only 
one remote line is needed 

consequence, the upper terminal of the 
relay coil goes positive of the battery 
positive terminal, and diode Di becomes 
reverse-biased. Thus, the relay now 
remains energised by way of current 
from the equipment h.t. supply, and the 
only current drawn from the battery at 
the remote point is the negligibly low- 
leakage current in the reverse-biased 
silicon diode. 

To switch off the equipment the 
remote switch is set to "Off". This 
causes the relay coil to be short-circuited 
by way of the remote lines and it becomes 
de-energised. Its contacts RLA1 now 
open and the controlled equipment is 
switched off. It then remains in this 
condition until the remote switch is set 
to "On" again. 

As will be gathered from this 
description, the battery is only required 
to provide energising current for a short 
period after the remote switch is thrown 
to "On". If the controlled equipment 
has a solid-state h.t. rectifier the period 
during which it provides current will be 
very short indeed. With a valve rectifier 
the period is extended, its length 
depending on whether the rectifier is 
directly or indirectly heated, but it will 
still be quite short. 

PRACTICAL EXAMPLE 
To give an idea of the currents and 

voltages involved, the writer checked 
out the circuit with a P.O. 3000 relay 
having a SOOQ coil which was on hand. 
This had a single set of make contacts, 
as is required here. It was found 
experimentally that the relay energised 
at 6 volts and, so, to allow for battery 
ageing and the fact that some 0-5 volts 
is dropped across the forward- 
conducting silicon diode, it was 
arbitrarily decided to use a 9 volt 
battery at the remote position. In 
practice, this could be a PP9 battery, or 
similar. At the same time, a suitable 
choice for the silicon rectifier, D,, would 
be the Lucas DD000. 

It is next necessary to find the required 
value for Ri and this depends, amongst 
other things, on the h.t. voltage available 
in the controlled equipment. In the 
writer's case an amplifier having a 
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nominal h.t, voltage of 200 volts was 
used. When current flows from the h.t. 
supply into the relay coil via R! it should 
cause a slightly higher voltage to be 
dropped across the coil than is provided 
by the battery. A voltage of the order of 
10 would be adequate in the present 
instance, this corresponding to 20mA 
flowing through the SOOQ coil of the 
relay. Thus R, should, from Ohm's law. 

have a value of 200 —10 volts 
20mA ' which is 

equal to 9-5kn. A 5% 9-lkn resistor 
could be used here or, alternatively, a 
10kn resistor whose measured value was 
slightly less than its nominal value. 

Maximum dissipation occurs in R! 
when the relay coil is short-circuited and. 

V2 . , 2002 

from —, is equal to ^ ^ or 4-4 watts. 

Rj could, conveniently, be 5 watts 
wirewound or it could have a higher 
wattage if this was considered preferable. 

It will be seen that, in this particular 
example, the h.t. supply is required to 
provide an additional 20mA for the 
relay circuit. If this appears excessive it 

should be remembered that relays with 
coils having higher resistances are 
capable of energising at lower currents, 
and that an equivalent 2,00012 relay 
could be expected to energise reliably at 
10mA or less. A lower relay current will 
also result in a lower wattage rating for 
R]. On the other hand, higher coil 
resistances will require higher battery 
voltages at the remote point. Most 
experimenters will attempt to employ 
relays which are already on hand. The 
writer suggests that a good choice would 
be a P.0.3000 relay with 2.00011 coil 
and high voltage twin platinum 1 amp 
contacts, (P.O.3000 relays made up to 
specification are available from L, 
Wilkinson (Croydon) Ltd., Longley 
House, Longley Road, West Croydon. 
Surrey.—Editor.) 

Normally, it will be preferable to 
connect the upper end of R, to the h.t. 
reservoir capacitor in the controlled 
equipment rather than to the h.t. positive 
line after the smoothing choke or 
resistor. Should the equipment h.t. 
supply be incapable of providing the 
added relay current the circuit cannot, 
of course, be used. 

The constructor, when using the 
switching circuit, should first ascertain 
experimentally the minimum energising 
voltage for the particular relay he will 
employ. He then decides upon the 
remote battery voltage to be employed, 
remembering that about 0-5 volts will 
be dropped across the silicon diode. The 
next stage is to calculate the resistance 
and wattage required in Rj following 
the example just given. The circuit should 
then be assembled and finally checked 
by measuring the voltage across the 
relay coil after it has energised and when 
its energising current is provided via Rj 
from the equipment h.t, supply. If this 
voltage is a volt or more in excess of that 
provided by the battery, the circuit is 
complete and ready to use. If, due to 
such things as low regulation in the h.t. 

From negative 
supply rail 

RLA 

Remote lines 

Equipment 
chassis 

Controlled equipment 

Fig. 3. With equipment having a supply rail which is negative with 
respect to chassis, both D1 and the remote battery have to be reversed 

in polarity 
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supply, the voltage across the relay is 
equal to the battery voltage or a little 
less, Ri should be slightly reduced in 
value. This process can be carried out 
by adding a suitable higher value resistor 
of lower wattage rating in parallel with 
it. 

EARTHING 
It is important to ensure that the relay 

insulation is adequate for mains voltages, 
and it is recommended that the chassis of 
the controlled equipment be connected 
to a reliable mains earth. If a mains 
earth is available at the remote position, 
only one interconnecting wire is needed 
between this position and the controlled 
equipment, as illustrated in Fig. 2. The 
circuit must never be used if the controlled 

equipment has its chassis connected to one 
side of the mains. When using a P.O. 
3000 relay (or any other relay whose 
insulation is that normally associated 
with lower voltage operation) the chassis 
of the controlled equipment must be 
connected to a reliable mains earth, 

TRANSISTOR EQUIPMENT 
The basic circuit of Fig. 1 is also 

suitable for mains operated transistor 
equipment, but the low direct supply 
voltages used in such equipment may 
raise problems. It is desirable here to use 
a relay whose energising voltage is, at 
most, half the direct supply voltage in 
the equipment. Also, it should be 
remembered that the additional current 
drawn momentarily through the series 

resistor when the remote switch is set 
to " Off" will increase proportionally by 
a greater amount than occurs with the 
higher h.t. voltages encountered in valve 
equipment. If the transistor equipment 
has its chassis common to the positive 
supply rail, the polarities of the remote 
battery and the diode have to be reversed, 
as shown in Fig, 3. Again, the same 
safety requirements as for valve 
equipment must be observed. The 
equipment chassis has to be isolated and 
it should be connected to a reliable mains 
earth. 

In both Figs. 1 and 3 it is necessary to 
ensure that the battery is connected into 
circuit with correct polarity and that 
there is no possibility of accidentally 
transposing the remote lines. 

□ 

PRESSURE 

SENSITIVE 

TRANSISTORS 

by 

J. B. DANCE, M.Sc. 

These new devices give high amplitude 
output signals when subjected to 

pressures of several grams only 

The operation of pressure sensitive transistors 
(also known as PITRANS) depends on a phenomenon 
known as the "Anistropic Stress Effect". This effect, 

which was discovered about I961(1)<2), comprises a large 
change in the current passing through a diode when a 
stress is applied to the junction. Both the forward and 
reverse currents of the diode can be reversibly increased 
by several orders of magnitude when a force of a few 
grams weight is suitably applied. 

In the PITRAN the sensitive emitter-base junction 
forms part of an n.p.n. silicon planar transistor. The 
sensitive junction is mechanically coupled to a diaphragm 
at the top of its TO-46 case. 

In operation a suitable bias current is fed to the base and 
an output of at least 20% of the supply voltage can be 
taken from across the collector load for supply voltages 
in the range of 1-50 volts. The output is linearly related 
to the applied pressure. 

APPLICATIONS 
The device can be used in industry'3' in flow meters, 

weighing equipment, accelerometers, level guages, high 
intensity microphones, etc. It also has applications in 
fluidic logic circuits, in aerodynamics and can be used as 
a pressure sensitive switch to route electrical signals. 

The PITRAN is produced at Stow Laboratories Inc. 
(U.S.A.) and is available in this country through Guest 
Electronics Ltd., Brigstock Road, Thornton Heath, 
Surrey. 

REFERENCES 
1. W, Rinder, "Resistance of Elastically Deformed 

Shallow pn Junctions", J. Appl. Phys., 33,2479 (1962). 
2. W. Rinder and I. Braun, "Resistance of Elastically 

Deformed Shallow pn Junctions II", J. Appl. Phys., 
34, 1958 (1963). 

3. "The Pressure Sensitive Transistor", Electronic 
Components, 9, 675 (1968). 

□ 

NEW G. W. SMITH CATALOGUE 

Now available from G. W. Smith and Co. (Radio) Ltd. is the Second Edition of this company's catalogue. 
Comprising 193 pages, this lists a very wide and comprehensive range of individual components as well as 
complete equipments, including receivers and high fidelity amplifiers. Also listed are kits for receivers and 
amplifiers. The amateur transmitting enthusiast is catered for, and items ranging from an s.w.r. bridge to a 
complete transmitter are included. 

The Second Edition catalogue is available from G. W. Smith and Co. (Radio) Ltd., 3/34 Lisle Street, 
London, W.C,2, at 7s. 6d. plus Is, postage. Each catalogue contains 10s. worth of discount coupons. 
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NEWS AND 

mat 

nVuTESIAO! 

The Litestat 70 for medium to large size electronic and electrical work 
and rapid production soldering. 

Two new Temperature Controlled Soldering Instruments 
Light Soldering Developments Ltd. of 28 Sydenham Road, Croydon, 

have introduced two entirely new thermostatically controlled models. 
Known as the Litestat 50 and Litestat 70, they are of 50 and 70 watts 
loading respectively, and are available for all voltages. 

These new tools are of unusually advanced design. Temperature 
control (within plus or minus 2^ deg. C. during idling) is achieved by a 
simple and robust mechanical system in which a micro-switch mounted 
inside the handle is operated, through an adjustable lever, by a pull-rod, 
in response to thermal expansion of the copper element core unit. 
Since this core unit is closely coupled thermally both to the bit and the 
element winding, rapid response without temperature overshoot is 
obtained. The ample thermal capacity of the system reduces initial bit 
temperature drop and contributes to good thermal stability. 

Operating temperature is infinitely adjustable, on load and without 
any dismantling, between approximately 200 and 420° C. 

Unbreakable handles are moulded from translucent Nylon, to allow 
the internal indicator lamps fitted to show clearly when the elements 
are energised. This gives a useful indication that the instruments are on 
and that the control is operating, and is an aid to setting. 

The screw-on copper bits are available in four sizes for each model, 
and their life is considerably longer than is the case with un-contro!led 
tools, Philips iron coated bits are also available, giving a life of at least 
10 to 20 times that of copper bits. 

Making the most of those long journeys to school 
School journeys have been very much in the news this winter, and 

we wonder whether children who have long journeys will be provided 
with "audiobuses", as are some children in the U.S.A. 

Isolated schools in the United States have many students who 
spend up to 40 hours a month riding in a bus to and from classes. Now 
some rural schools in two states, Pennsylvania and Colorado, are 
experimenting with "audiobuses" to put to profitable use the lost time 
of long bus trips. 

What they have done is to make each bus a classroom on wheels by 
installing stereo sound systems, with earphones for each student which 
are fitted with volume and channel selector controls. 

The programmes available in the Pennsylvania experiment are 
primarily concerned with fine arts and social studies. One channel 
usually carries a tape, "Great Moments in History," a series of dramatisa- 
tions of important events in America's past. Others carry "Great 
Moments in Music," etc. 

The audiobus used in Colorado is more elaborate. Programmes, both 
group and individualised, are classified under five topics—English, 
social studies, science, recreation, and fine art. Students may choose 
materials on these topics prepared for their own age level. 

The last word shall be with an "audiobus" driver who commented— 
"It is just great, no more bedlam on the bus, it is just a dream". 

"Bleeptest" Audible Test Unit 
Following many requests by customers 

using their "Bleeptone", A. P. Besson & 
Partner Ltd. have incorporated the d.c. 
version of this device into a circuit test 
unit. 

To be marketed under the name of 
"Bleeptest" the unit is a simple hand held 
continuity tester for use by electronic 
and electrical engineers, automobile 
wifemen, inspectors, circuit checkers or 
household electricans. for any purpose 
where the continuity of a circuit has to 
be confirmed and will stand a nominal 
load of 12mA. 

When energised the incorporated 
"Bleeptone" emits an audible signal and 
employs a built in oscillator circuit to 
drive a rocking armature motor unit 
also of Besson manufacture which is 
available as a separate item. 

The complete tester is housed in a 
coloured moulded case of high impact 
A.B.S, the use of this material ensuring 
long life, freedom from breakage under 
normal conditions and an attractive 
appearance. 

A feature of the tester is the provisiop 
of a stainless steel dress clip allowing the 
unit to be attached to the user, thereby 
leaving both hands free for the handling 
of the test leads or equipment under test. 

Output sockets for the 4mm plugs 
supplied are provided in the bottom of 
the case, and access to the battery 
compartment is by removal of three 
screws and the case lid. 

The battery used may be an Ever- 
Ready PP3 or equivalent 9V dry cell for 
which a special connector is supplied. 

The address of A. P. Besson Ltd. is 
St. Joseph's Close, Hove, Sussex. 

W 

The "Bleeptest" Audible Test 
Unit in use. As can be seen, 
the hands are left free by the 
provision of a stainless steel 

dress dip. 
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The new Probe Clip designed and manufactured 
by Putters (London) Ltd. in conjunction with 
Messrs. Radiospares. Radiospares components 

are available through retailers only. 

Probe Clip made from ICI Plastic 

A new, long-necked insulated probe clip designed and 
manufactured by Putters (London) Ltd. of Harlesden in 
conjunction with Radiospares, makes use of the toughness 
and resilience of "Kematal", Id's acetal copolymer, as 
well as its good insulation properties. 

World Club Radio Club Award 

For nearly half a century listeners have been 
reporting to broadcasters on transmission reception. 
In return, the BBC and other broadcasters have sent 
cards to verify correct reporting. The card issued by 
BBC External Services has been well known 
throughout the world as the "Big Ben" card. 

Now, for the first time, the BBC is offering an 
Award to listeners who correctly report on a number 
of BBC transmissions received from different trans- 
mitting sites. The reports will be analysed by the 
engineering staff and the certificates will be issued by 
the programme, World Radio Club. This Award 
scheme applies to the one frequency schedule period 
only—March 2nd to 3rd May, though there's a 
possibility that the scheme will be repeated. 

To qualify for the Award, listeners must give 
evidence of reception of three BBC transmissions 
from each of the following: Great Britain and the 
Atlantic, East Mediterranean and Far Eastern relay 
stations. These twelve reports (which must be 
received in one envelope before the end of May) 
should contain the following information: location, 
date, time frequency and a few words about pro- 
gramme content. In return, the Award will contain 
the four verifications required by the serious DXer. 

To be eligible for the Award, a DXer must be a 
Member of World Radio Club, the programme for 
DXers and short-wave enthusiasts which is broadcast 
in BBC World Service on Sundays at 0930 GMT, 
Thursdays 1245 GMT, Fridays 2345 GMT and on the 
North American Service on Mondays at ISIB-GMT. 
To become a Member you need simply write to 
World Radio Club, BBC, Bush Flouse, Losdon, 
W.C,2. 

The probe body is moulded in two parts entirely from 
"Kematal", in either red or black, and gives full insulation 
to the gold plated 0-032in wire which is threaded through 
the neck. This insulation ensures that the probe clip will 
not cause a short circuit if it touches any adjacent wiring 
when in use. The length of the" neck enables components 
and connections to be reached deep down in the workings 
of the apparatus without the need to dismantle the 
circuitry. The collar part of the moulding snap-fits on to a 
grip on the neck and completely insulates the test leads, 
which can be attached by means of a screw fitting or by 
soldering. 

The neck is spring loaded and a sliding action between 
finger and thumb on the grip retracts the neck so that the 
hook end can be fastened to the component to be tested 
to give a positive connection. The probe clip is marketed 
exclusively by Radiospares, 4/8 Maple Street, London, 
W.l. 
FEBRUARY 1969 

Cdrr 

"O.K. so we have a receiver—now how long do 
we have to wait for someone to invent a trans- 

mitter. " 
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I.e. RATEMETER 

by 

P. WILLIAMS 

A iow-cost integrated circuit may be 
made to function as an accurate rate- 
meter for counting positive-going pulses, 
in the design described in this article 
nearly all the circuitry is inside the i.e. 
itself, and few external components are 
required. 

This article discusses a simple circuit which gives 
a meter reading directly proportional to the rate at 
which positive pulses appear. The circuit rejects 

pulses with amplitude less than about half a volt, making 
it useful for detecting pulses in the presence of noise. Pulse 
width is uncritical provided that it is appreciably less than 
the period between pulses. The pulse repetition frequency 
that can be measured may be as low as a few pulses per 
second (or even lower with a very large cross-coupling 
capacitor, as will become clear later) to as high as 1 Mc/s. 

RTL UNIT 
The unit used was the pL914, the diagram for which is 

shown in Fig. 1. Fig. 1 also shows the pin layout, pin 8 
being identified by a "flat" on the body of the i.e. It should 
be noted that the pin layout in Fig. 1 is that given when 
the leads point towards the reader. (Most published 
information on this i.e. shows the layout from the top 
view, where the leads point away from the reader.) The 
transistors in the pL914 are equivalent to 2N708. 

The pL914 is a dual two-input gate from a range of 
RTL (Resistor-Transistor Logic) units. If this sounds too 
complicated, then treat it as two pairs of transistors, each 
pair sharing a common collector load, and with all four 
emitters commoned. It is less flexible than four separate 
transistors, but the discipline of a fixed configuration is 
good for the designer's soul—the circuits that can be 
designed are limited but with the number of variables 
reduced, those which are possible can be neat and effective. 

First let us look at one simple application, that of a 
monostable circuit, as illustrated in Fig, 2. The base 
resistors are effectively part of the transistors and can be 
thought of as merely increasing their input resistance. 
In the stable state, R2 biases TR3 into conduction causing 
it to saturate, with its collector voltage close to zero. TR4 is 
not used in this circuit although it could be employed to 
"inhibit" the monostable by biasing it on when input 
pulses are not to be detected. Because of the almost zero 
potential on the collector of TR3, TR2 cannot conduct 
since its base is connected to that collector via its internal 
resistor. Hence the collectors of TR, and TR, are at the 
same potential as the positive supply. The potential 
difference across Ci is thus (V,—V,,^) or (Vs—0-6V) 
approximately. The Vbe term is generally ignored with 
large supply voltages, but in this case makes a small 
difference to the theoretical result. If, now, a large enough 
positive is applied briefly to the base of TR! it conducts 
heavily, pulling the collector temporarily to zero. In such 
a short time the capacitor Cj can neither gain nor lose 
any appreciable charge and hence the voltage across its 

640n; 

I 4SOa \- 450n 4S0n / \ - 450n 5 
«AW—|J( >|—30—ww—1|<^ ^>|—ww—^ 

:640n 

Fiat 

pL 914 
Lead-outs 

Fig. 1. The circuit diagram and lead layout of the \iL914 
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Fig. 2. Practical circuit for a multivibrator baied on the p.L914. Thk ii 
a monoitable circuit but actable and bistable versions are readily 
constructed by duplicating the left or right half of the circuit 

respectively 

plates remains unaltered. With one plate suddenly taken 
to zero, the other plate will be at a potential of (V'bi.—Vs) 
since the change must be the same on both plates of the 
capacitor. 

With TR, cut off by this sudden reversal of bias on its 
base, the current in its collector resistor is diverted nto 
the base of TR2. This transistor comes heavily into con- 
duction and holds the collector potential at zero for the 

+ 

VbTR, 

O -Jl 

duration of the monostable's period. Thus the input 
pulse need only last long enough to ensure that TR, does 
come into conduction (as short as 0-1 pS proved sufficient 
in practice) but must not exceed the natural period of the 
monostable. if it does the circuit acts only as an amplifier/ 
limiter providing an output pulse at the first collector 
(where we shall require to use it) equalling the input pulse 
in duration. Assuming that the input pulse has disappeared 

+ 
vs 

Vc 
TR| TR2 

+ 
O- 

+ 
o- 

VbTR2 
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Fig. 3. Typical waveforms following a narrow triggering pulse at the 
base of 7"/?, 
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rapidly, the collector potential of TR, and TR2 must 
remain at zero until TR3 once more begins to conduct. 
This will happen when the base of TR3 reaches a potential 
of about OSV again. The time taken for this to happen 
depends on the time constant RjC^ whose product when 
R2 is expressed in ohms and Cl in farads gives the time in 
seconds for the voltage across the capacitor to reach a 
specified fraction of the charging voltage. 

Because the base-emitter voltages cannot be ignored, 
the exact instant at which the circuit reverts to its stable 
state depends on the supply voltage, but a very wide range 
of periods can be obtained by varying C, and, to a lesser 
extent, Rj. This latter must always be low enough to 
ensure saturation of TR3, i.e. it should not be greater than, 
say, 10 to 20 times R3, No such limits are imposed on Cj 
and values between several tens of picofarads and 
hundreds of microfarads have been successfully used. 
The periods that result are from a microsecond or so up 
to many seconds. The waveforms that occur are shown in 
Fig. 3. 

For each incoming pulse we are now able to provide an 
output of specified amplitude and duration. A specified 
total charge flows, for example, in R^ If this charge can 
be arranged to flow into a capacitor the build-up of 

voltage on that capacitor would be proportional to the 
number of pulses received. If we desire to know the rate 
at which pulses are arriving this capacitor can then be 
shunted by a resistor, as will be shown. 

Having used an i.e. with fixed configuration we cannot 
break into the circuit to measure current m R,. But we 
can very easily use a second resistor in parallel with it and 
find the mean current in this. Using a moving-coil meter 
in series, the averaging effect would automatically be 
achieved apart from some limitations. For instance, at 
low pulse rates a corresponding flicker would be observed 
in the needle; at high pulse rates the inductive properties 
of the meter coil would reduce the current passed. Equally, 
it is sometimes desirable to have an appreciable direct 
voltage available for monitoring purposes. Hence we 
place a large capacitance in parallel with the meter, and 
the final circuit is shown in Fig. 4(a). 

SUPPLY POTENTIALS 
With the nominal supply voltage of the original logic 

range—S-fiV—the current in R4 will be about 3-5mA 
when TRj is conducting, and zero at all other times. Thus 
a mean current of 1mA is easily obtained if the period 
between pulses is not more than three times the monostable 
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640fi ka 
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Fig. 4(a). Practical circuit of rate meter. The given value for /?4 sun 
a 1mA meter and a 3-6V supply, 

(b). A differentiating circuit which may be added at the input 
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"on" period. This allows a low-cost 1mA meter to be 
used. By adjusting R4, meters with higher sensitivity may 
be accommodated, though if R4 is too high shunt 
capacitance may increase the pulse output at high 
frequencies. Higher current meters may also be used, 
perhaps up to 5mA or so, but care should be taken to 
ensure that TR2 remains in saturation. 

Equally, a wide range of supply voltage may be used. 
The prototype circuit still functioned and gave a reliable 
performance at surprisingly low voltages. Thus, it 
functioned at less than 1-5V with reduced output, and 
gave some output even at O8V supply. It is more difficult 
to specify an upper limit since this will be linked to the 
voltage ratings of the transistors as well as their maximum 
dissipation. In particular the base of TR3 is subjected to 
a sudden reverse voltage when TRj switches on, and this 
should be less than 6V, which represents a typical value 
for reverse base-emitter breakdown. Some sample circuits 
performed well at supply voltages up to 6V. It should be 
noted that, at the lower supply voltages, the period begins 
to vary strongly with voltage while the peak current 
remains proportional to supply voltage. (Using the pL914 
at supply potentials higher than 3-6V could incur the risk 
of damage to the i.e. due to the c«rrespondingly high 
reverse voltage at the base of TR3. Whilst this risk is 
apparently negligible in practice up to 6V, it needs to be 
mentioned here and should be borne in mind by 
constructors employing the nL914 in this manner.— 
Editor.) 

A word of warning is in order against using meters 
with high terminal p.d.'s in this circuit. Most meters of 
IMA full-scale deflection need a voltage of between, say, 
50mV and a quarter of a volt. Those that need more will 
increasingly produce non-linearity of meter current against 
pulse rate. This is because the large mean direct voltage 
across the meter and capacitor reduces the current 
provided by each pulse, i.e. the sensitivity falls off with 
increasing output. 

Fig. 4(b) shows a differentiating circuit which may be 
added at the input if the pulse being counted is of wrong 
duration or has an unknown d.c. content. 

Finally, the reader may wish to use the circuit for 
measuring the frequency of waveforms which are not 
pulses, e.g. sine waves. In systems such as this, such 
waveforms must be converted into sharp pulses and this 
is normally done by passing the incoming signal through 
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Fig. 5. Typical performance curve for a supply of 
1-5V 

a Schmitt trigger to produce square waves and then 
differentiating the output to give narrow pulses. The 
present circuit may also be used for measuring the rate of 
irregular pulses such as those generated by Geiger-Muller 
tubes, provided these are suitably amplified first. 

To measure over a desired frequency range, the value 
of Cl should be such that the monostable "on" period 
meets the requirements given earlier. The length of the 
monostable " on " period may be calculated approximately 
from 

T = 0-69C1R2 
where T is in seconds, is in farads and R2 is in ohms 
(or C] is in microfarads and R2 in megohms). This calcu- 
lation ignores the effect of ybe. Final calibration may be 
against two or more known input frequencies. 

As an indication of the results given with the circuit. 
Fig. 5 gives a typical curve showing meter current against 
frequency with the supply voltage reduced to F5V to 
exaggerate non-linearity. Good linearity may be expected 
with meters having a p.d. less than 0-2V. and with a supply 
voltage greater than 3V. 

□ 

MODERN BOOK CATALOGUE 

The Modern Book Company is justly renowned for the extremely wide range of titles held in stock, and 
this fact is amply borne out in their latest Catalogue of Radio, Television and Electronics Books, now 
available. The catalogue has 68 pages, and lists some 2,000 books, all of which deal with electronic or 
allied subjects (such as lasers). American publications are distinguished by being marked with an asterisk, 
and any book listed can be obtained on seven day's approval against a full cash remittance plus postage. 

The Catalogue of Radio, Television and Electronics Books is available from The Modern Book Co., 
19-21 Praed Street, London, W,2, for 2s. post paid. 
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A.C./D.C. BRIDGE 

by 

G. W. SHORT 

The bridge described here measures resistance from 1 to 1MQ, with 
rough indications beyond these values, and capacitance (including that 
of electrolytic components) from 0-001 to 100nF, with rough 
indications to lOOpF and 1,000uF. Some aspects of the design may 
require selection of components on an experimental basis or may 
necessitate slight changes in circuit wiring. This article is, in 
consequence, intended primarily for the more experienced constructor 

who fully understands the principles of bridge operation 

An ordinary d.c. wheatstone bridge is capable of 
measuring resistance with great accuracy. But it can 

i-be rather tedious to balance, because the user has to 
look very carefully at the pointer of the centre-zero balance 
indicating meter, and this can be a tiring process. 

A simple a.c. bridge presents no such problem, since 
balance may be obtained by adjusting for zero sound in 
earphones, and this is much easier. However, after making 
a long series of measurements with the phones on, one 
begins to feel rather like a dog on a leash. It is also easy to 
forget that the phones are on and. when moving away 
from the bench, to bring the bridge crashing to the floor. 
Again, background noise can be a nuisance, masking the 
bridge signal. 

What is needed is some visual indication of balance 
which is easy to read. Experiments with a 100-0-100pA 
meter energised from a v.l.f. source so that the pointer 
swung to and fro showed that, at the frequency of pointer 
resonance (about 2-5 c/s) it was possible, with close 
observation, to detect 0-lpA, while the pointer movement 
produced by,0-3jrA was easily visible from a yard away. 
The to-and-fro movement was much easier to "set to zero" 
than a steady deflection. Here, then, was a potential visual 
a.c, balance indicator, which required no floating output 
transformers, amplifiers or rectifiers. 
432 

PRACTICAL BRIDGE 
This indicator principle leads to a simple bridge which 

operates at a frequency of a few cycles per second on a.c, 
and also as a d.c. Wheatstone bridge. All that is needed is 
a means of energising the bridge at a suitable low frequency 
for the a.c. measurements. In principle this could be done 
by connecting the battery via a Morse key and tapping at 
the right rate. In practice, it is more convenient to have 
the "tapping" done automatically. After considering 
various alternatives, such as flasher bulbs and relays, a 
non-mechanical chopper was selected. This is shown in 
Fig. 1 and it consists of a transistor (TR3) in series with 
the bridge supply, the transistor being switched on and off 
by a v.l.f. multivibrator. By putting an unbypassed 
resistor in the emitter of the series transistor, it is turned 
into a "constant current" device which limits the current 
to a safe value (5mA in the present case). The bridge 
measures C and R at a.c, but the resistance of iron-cored 
inductors must be measured at d.c., because, even at a few 
cycles per second, the reactance is not negligible. In this 
case, the series transistor in association with a few silicon 
diodes (Di to D3) acts as a source of d.c. limited to a few 
milliamps, and so minimises the risk of damage to 
components under test. 

(continued on page 435) 
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REGENT PUBLICATIONS 

HI-FI IN THE HOME. By John Crabbe. 327 pages, Six Sin. Published by Blandford Press Ltd. Price 40s. 
As editor of Hi-Fi News, Tape Recorder and Audio Annual, John Crabbe is in an excellent position to 

evaluate the outlook and requirements of the non-technical music lover, and to equate these with the 
engineering know-how that is essential for the design, manufacture and installation of high fidelity 
reproduction equipment. The book under review is, indeed, intended primarily for the home music lover, 
although there is much that will be of value also to the younger engineer without too much experience in 
the hi-fi sphere, 

"Hi-Fi in the Home" starts off by defining and explaining the nature of musical sounds, then carries on 
to the basic components required for music reproduction, these ranging from pickups and tape recorder 
heads to loudspeakers. Further chapters give advice on choosing and installing equipment, and on its 
use and operation. It is refreshing to note that when dealing with technical equipment Mr. Crabbe never 
loses sight of the aesthetic values that the equipment is intended to satisfy. 

This is a well-written and comprehensive book, and can be confidently recommended to the music 
lover who seeks a greater understanding of the modern high fidelity equipment available in the latter part 
of this decade. 

RADIO. By David Gibson. 88 pages, 6x8iin. Published by Brockhampton Press Limited. Price 12s. 6d. 
This book appears in the Brockhampton Press "Illustrated Teach Yourself" series, and is aimed at the 

complete newcomer to radio. The presentation is a little unusual in that the'left hand margin of the text on 
each page is displaced from the page edge by some 1 Jin, subheadings and small diagrams illustrating 
points in the accompanying text being inserted into this space. These pictorial aids should help in illustrat- 
ing unfamiliar concepts to the reader. The right hand margin of the text is irregular, as in a typescript. 

Dealing at elementary level, the book first describes the various components encountered in radio 
together with their operation in simple circuits, then carries on to semiconductor diodes and transistors. 
The next chapters are devoted to constructional projects, these being a crystal receiver, a 2-transistor a.f. 
amplifier, a 2-transistor reflex receiver and a 4-transistor superhet. The remaining two chapters cover 
aerials and short wave listening, and are followed by an appendix which details component availability 
and suggests books and magazines for further reading. 

There is considerable use of colour, including attractive colour photographs of the complete con- 
structional items. The book offers a useful introduction to the rudiments of radio and should enable many 
would-be enthusiasts, in particular youngsters of 10 years' age or more, to make their first jump into what 
they may previously have considered to be an incomprehensible technical world, 

TELEVISION ENGINEERS' POCKET BOOK. Edited by J. P. Hawker and J. A. Reddihough, 303 
pages, 4Jx7iin. Published by Newnes Books. Price 21s. 

This is the 5th edition of "Television Engineers' Pocket Book," the last edition being published in 1962. 
Many changes have been made in producing this new edition, these including the provision of two 
completely new chapters on hybrid receivers (i.e. transistor and valve) and on colour television. The 
latter chapter is based on the F'AL system. Two new chapters devoted to fault finding have also been 
incorporated, one dealing with faults in the receiver circuits and the other with faults in the timSbases. 
Considerable revision has also been undertaken in the remaining sections of the book to bring it up to 
date. Specialist contributors are D. E. A, Harvey, C.Eng,, M.I.E.E., Gordon J. King and G, R, Wilding. 

As in its previous editions, the present book offers a handy pocket-sized reference work for the television 
service engineer, it includes current data on cathode ray tubes and valves, as well as on valve equivalents. 

POPULAR ELECTRONICS AND COMPUTERS. By F. G. Rayer, Assoc.I.E.R.E. 190 pages, 5^ x S^in. 
Published by Arco Publications. Price 36s. 

The main function of this book is to introduce to the reader the basic operation of many of the electronic 
devices which are in use today. The treatment is mainly non-mathematical, and the aim is to give sufficient 
information to provide the essential background for further specialised reading. 

The book commences with a chapter on fundamental concepts and d.c, circuits, this being followed by 
chapters on alternating current, thermionic valves, power supplies, semiconductors, radio transmission 
and radio reception. The next two chapters cover magnetic amplifiers and devices, and an introduction to 
some of the techniques employed in computers. The following two chapters deal first with a.c. and d.c, 
measurements, and then with frequency measurement: whilst the final three chapters are devoted to v.h.f. 
equipment, light (including rays and radiation), and miscellaneous electronic equipment. This last chapter 
covers subjects ranging from electronic organs to varicap diodes. 

The book is well illustrated by clear diagrams, these including circuit diagrams where applicable. 
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A.C./D.C. BRIDGE 

(continued from page 432) 

The v.l.f. multivibrator is given by TRj and TR2. The 
electrolytic capacitors employed here (C4 and C5) should 
be components having a low leakage current. 
PERFORMANCE 

The bridge uses a single wirewound potentiometer, R j.. 
to provide variable ratio arms. Its value is not critical and 
may lie between 5000 and 5kO. The "standard" is a fixed 
resistance or capacitance, switched into circuit by Sj. The 
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Fig. 1. The circuit of the a.c.—d.c. bridge 

Resistors 
Ri 

Ri 
Rs 
R4 
R5 
R6 
r7 

Rs 
R9 
Rio 
Rn 
Rl2 
Rl3 
R14 

500Q to 5H1, wirewound linear, "instrument" 
type (see text) 
1MQ 1 % 
lOOkH 
lOkD 1 % 
ikn 1% 
loon 1 % 
ion 1 % 
1 SOn 5%i watt 
18kn 5 % 5 watt 
33kn 5 % j watt (see text) 
] -Skn 5 % i watt 
3-3kn 5 % J watt 
4-7kn 5%i watt 
33kn 5 % 5 watt (see text) 

Capacitors 
Ci l.OOOpF 1 % 
C2 OTpF 1 % 
C3 lOpF electrolytic (see text) 
C4 lOpF electrolytic, 10V wkg. 
C5 lOpF electrolytic, 10V wkg. 

Semiconductors 
TRj 
TR, 
TR3 
tr4, tr5 

Dt-Ds 

BC168B 
BC168B 
2SB187 
See text 
Any silicon diodes (e.g DD000) 

Switches 
Sr 
52 

53 
Meter 

M, 
Batterv 

B, 
Jack 

Ji 
Miscellaneous 

4 test terminals 

Single pole, 10 way rotary 
s.p.d.t., toggle or rotary 
s.p.s.t., on-off, toggle 

100-0-1 OOpA (see text) 

9-volt battery 

Closed-circuit phone jack 
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resolution varies with the setting of the ratio arms and the 
size of the "unknown", but over most of the measuring 
range it is better than 1 %, so 1 % tolerance standards can 
be utilised. Electrolytic capacitors can be tested, because 
the upper "X" test terminal is always positive. If the 
electrolytic capacitors have not been in use for some time 
it is advisable to form them before measurement by 
connecting them to a d.c. supply of the correct polarity at 
approximately the working voltage. Gross leaks can be 
detected by the bridge switched to "d.c. resistance". 

Maximum sensitivity on "a.c." is only obtained if the 
frequency of the multivibrator can be set to produce the 
maximum excursion of the meter pointer. The less damped 
the meter movement, the more worthwhile it is to make 
this adjustment. The improvement with normal 
movements is only about twofold, however, and 
constructors without facilities for varying the frequency 
(using, say, a 2-gang potentiometer of about lOOkfi 
linear or up to IMfl log in place of R, 0 and Rl4) will find 
the design as it stands quite good enough for most 
purposes. One word of warning: meter movements which 
show the slightest sign of sticking are useless as balance 
indicators in this design. In the prototype, incidentally, 
the author used a conventional 3m 100-0-1 OOpA move- 
ment obtained through "surplus" channels. 
EXTENDING THE COVERAGE 

Using the meter as balance indicator, the bridge 
measures the commonly encountered range of resistance, 
but it is not sensitive enough to cover the whole range of 
capacitance. It is possible to measure down to about 
lOOpF by using sensitive high resistance earphones (the 
writer employed war surplus type CHR with earpieces 
in series) instead of the meter, and adjusting RVj so that 
the capacitor-charging clicks disappear. One could im- 
prove matters by increasing the frequency to a few 
thousand cycles, and this can be done, if desired, by 
switching capacitors of OOlpF in place of the lOpF ones 
at C4, and C5. The switching circuit required is shown in 
Fig. 2, With the help of earphones, transformer turns 
ratio can be measured more accurately, as is described 
later. 

METER PROTECTION 
Some form of meter protection should be incorporated. 

The basic method employed here is to connect a 
germanium (not siheon) transistor, with its base open, in 
series with the meter. This limits the meter current to the 
leakage current of the transistor. With some transistors, 
the leakage current is about the same in either direction, 
but with most types the collector-emitter leakage is 
greater than the emitter-collector leakage. To make 
limiting symmetrical, two similar transistors can be 
connected back to back, as are TR4 and TR5 in Fig. 1. 
This is rather a luxury, however, and provided that the 
transistor fitted allows a reasonable meter deflection in 
both directions a single transistor in series with the meter 
will do. Old germanium audio transistors are usually 
suitable for a function of this nature, and so long as both 
the junctions are intact it hardly matters how bad the 
transistor is as an amplifying device. If no suitable 
transistors are available, simply connect a limiting resistor 
of a few thousand ohms in series with the meter. 

The exact f.s.d. of the meter is not very important, and 
almost any centre-zero microammeter, calibrated or not, 
will do. Ex-R.A.F. flying instruments, some of which have 
quite sensitive centre-zero movements, are possible 
candidates. 
RANGE-SETTING AND CALIBRATION 

If the ratio-arm potentiometer, R^ is a large wirewound 
"instrument" type, fitted with a long pointer, adequate 
resolution should be obtained when the "unknown" is 
0-1 to 10 times the standard, with rough indications down 
to 0-01 and up to 100 times the standard. Resistance 
standards with 1 % tolferance of 10,100, 1,000Q and so on 
are used (R7 to FU) but, for economy, the capacitance 
standards increase in multiples of 100 stead of 10, An 
electrolytic capacitor, C3, is used as a standard on the 
highest capacitance range, but components of this type 
are available only in wide tolerances. A suitable electrolytic 
capacitor must therefore be selected or assembled from a 
number of lower values. If a good non-electrolytic 
capacitor is used for the 0-1 pF standard, a capacitance of 
lOpF can just be measured and used in turn as a lOpF 

+9V 

Rio SRll 

To s2 R|3 O-OltlF R|2 

O-OlpF 

u 

C4 
TR2 TR, 

- - 4 

Fig. 2. Optional switching circuit. This 
enables the multivibrator to run at a.f., if 
desired, for some capacitor and 
transformer turns ratio measurements 

Switch positions ; I - V.UR 
2-A.F. 
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standard. High measuring accuracy is not called for on 
this range (after all, the tolerance on electrolytics is usually 
at least 50%) but a low-leakage component is needed. 
Tantalum electrolytic capacitors are eKcellent, but 
expensive': they can sometimes by salvaged frohi surplus 
computer modules. Otherwise, use a newly manufactured 
aluminium electrolytic with a working voltage of 10V 
or more. 

Range-setting and calibration is carried out in the 
usual manner required with a bridge where a single 
potentiometer provides two balance arms. Initial 
calibration may be made for resistance and consists of 
marking up the scale of Rj with the ratios which exist 
between the standard and the unknown. These ratios will 
apply for all resistor standards switched in by S2. The 
procedure to be described may be followed before R2 to 
R7 and <% to C3 are wired into circuit, and it takes 
advantage of external uncalibrated variable resistors to 
determine many of the ratio points. Thus, there is no 
necessity to employ a wide range of close-tolerance test 
resistors to obtain calibration points. 

From the point of view of accuracy and sensitivity, the 
most important calibration mark on potentiometer Ri is 
the "half-way mark", i.e. the point of balance where the 
standard and unknown are equal. This point can be 
found very easily because the bridge is provided with a 
spare switch position which couples to External Standard 
terminals. (An external standard facility is very useful 
for matching components and measuring transformer 
turns ratios, and should always be provided in a general- 
purpose bridge.). Connect two nominally equal 
close-tolerance resistors of about l.OOOn to the X and 
External Standard terminals, balance the bridge, and 
mark the setting of the potentiometer temporarily but 
accurately. Swap round the resistors and re-balance. 
Mark the balance point as before. There should now be 
two temporary calibration marks, close together. These 
are, in fact, either side of the true half-way mark, the 
latter can now be estimated by eye and marked in. With 
care, the error should be much less than 1 %. (If the two 
resistors happen to be exactly equal, balance is of course 
obtained exactly at the half-way mark on both trials.). 

If the two temporary calibration marks were quite close 
together (say within 3° on a circular scale) the two 
temporary standard resistors can now be used, in con- 
junction with an uncalibrated variable resistor, to fix the 
"OS" and "2" ratio points on the ratio scale. For these, 
the resistors are connected in parallel to the External 
Standard terminals, the ratio arm potentiometer is set to 
"1" (which is the half-way mark), and the uncalibrated 
variable resistor is connected to the X terminals and 
adjusted until the bridge is balanced. It is now equal to 
half the nominal value of one of the two resistors. If one 
of the two resistors is disconnected and the bridge 
re-balanced by means of the ratio potentiometer. leaving 
the uncalibrated variable resistor alone, balance now 
occurs at the "0-5" points, By swapping the external 
standard and the uncalibrated variable resistor, the "2" 
point is found. Clearly, the process is only worth carrying 
out if the two original standards are really close to one 
another. 

It is possible to fill in other points by extending the 
technique, but since actual standards have to be obtained 
sooner or later there is not much point in pressing on in 
this way. A few major ratios, like "0-5", "1" and "2" do, 
however, provide an excellent check on later calibrations. 

and increase confidence in calibration made with actual 
standards. 

Further calibration is carried out as follows, before 
R2 to R7 are finally connected to the switch, and using 
the X or External Standard terminals as appropriate. 

The 100n standard is first balanced against the lOQ to 
provide the "0-1" and "10" points. The 1,000Q against the 
lOQ next provides "100" and "0-01" points. If the reader 
has any 1 % or better resistors in assorted values these will 
provide valuable calibration check points, but a complete 
calibration can be done with the help of some auxiliary 
variable resistors only. Suppose, for example, a 100kf2 
variable resistor is available. This can be set to 20kn 
against the lOkQ standard, with the ratio arm potentio- 
meter at "2". This temporary "20kQ standard" can now 
be compared with the lOOkQ standard to obtain the 
"0-2" point and against the IkQ standard to obtain the 
"20" point. By connecting 20kfJ in series with lOkO, the 
"0-3" and "30" points are obtained, and the yariable 
resistor can now be set to SOkfl against "0-3", which in 
turn produces points at "0-4" and "40". Errors accumulate 
with this system, so great care is needed, but the checks 
previously provided at "0-5" and "1" now become very 
useful. To be on the safe side, go from "0-1" to "1" in 
steps of 0-1, then back again. If the "forward" points 
coincide with the "return" points, and the "0-5" and "1" 
ratios check accurately, all is well. 

The bridge is now calibrated in OT steps from "0T" to 
"1", and these points can easily be used, in conjunction 
with the uncalibrated variable resistor and a different 
standard, to provide points "2", "3", "4" and so on up 
to "10". To subdivide these markings, use a series com- 
bination of a coarse standard (e.g. 20kf2) and a fine 
standard set in turn to Ikfi, 2kfJ, Skfl, etc. 

It sounds rather complicated, but in fact the process is 
quite easy. All one needs is time, patience, and a selection 
of variable resistors. A good job for a wet weekend. 

The capacitance ratio scale is the reciprocal of the 
resistance ratio scale. That is, the "0-25" of resistance is 
the "4" of capacitance, etc., so the calibration points of 
one give the markings of the other. However, if the reader 
happens to possess a stock of eleven 1 % tolerance resistors 
of the same value (preferably in the range lOOfi to lOkfi) 
these can be used to calibrate the capacitance scale directly. 
One is used as an external standard; two in parallel at the 
X terminals then give the "2" point, three the "3" point, 
and so on. 
TURNS RATIO 

To measure turns ratio in iron-cored transformers, 
connect one winding to the X terminals, the other to the 
External Standard terminals, and use earphones. These 
may be plugged into the closed-circuit jack in series with 
the meter. If balance is unobtainable, reverse the con- 
nections to one winding. Complete balance is not likely 
to be obtained, but adjusting for minimum sound gives 
fair accuracy. To find the ratio of tapped windings, 
connect the tap to the live (upper) X terminal and the 
ends to the "dead" X and External Standard terminals. 
The reason why phones are better than the meter is that 
they actuate the higher-frequency harmonics of the signal. 
The balance point is less blurred by the resistance of the 
windings at the harmonic frequencies than at the funda- 
mental, (This is because the reactance/resistance ratio 
is higher.). It may also be helpful to switch the multi- 
vibrator to the higher frequency when checking turns 
ratio. O 
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ADDITIONAL RANGES FOR THE 

"BANDSPREAD H.F. BANDS SUPERHET" 

by 

F. G. RAYER, G30GR 

The usefulness of the popular "Bandspread H.F. Bands Superhet" can 
be enhanced by adding further coils, as is described here. Since some of 
the new coils are mounted above the chassis, additional chassis holes 
are needed to allow the connecting leads to pass through. New 6BA 

clearance holes are also required for mounting the coils 

The original receiver, described in The Radio 
Constructor for October, 1968. covers approximately 
32 to 7 Mc/s in two switched bands. By adding coils 

for the low frequency bands, the scope of the receiver is 
greatly increased, and the modification should be of 
interest to many constructors. 

The original ranges are obtained with PA4 and PA3 
aerial coils, and P04 and P03 oscillator coils. Additional 
PA aerial coils and PO oscillator coils will allow coverage 
from about 32 Mc/s through to about 600 kc/s, in five 
switch-selected bands. 

The accompanying Table shows the ranges which can 
be obtained with the additional coils. The two ranges at 
the top. utilising the PA4 and PA3 coils are those already 
existing and cover 32 to 7 Mc/s. The three ranges below 
are new : PAS and POS give 8 to 3-3 Mc/s, PA6 and P06 
give 3 to T4 Mc/s, and PA2 and P02 give the medium 
wave range of 1-5 Mc/s to 600 kc/s. 

The existing wavechange switch is replaced by a new 
4-pole 5-way switch. This is a "Maka-Switch" assembly 
made up by the constructor from a "shaft assembly" and 

TABLE 
Frequency Ranges and Padding Capacitances 

(as applicable to modified "H.F. Bands Superhet") 

Approx. Padding 
Coils Frequency Range Capacitance 

PA4, P04 32 Mc/s-10-5 Mc/s None 
PA3, P03 14 Mc/s-7 Mc/s 5,000pF 
PAS, POS 8 Mc/s-3-3 Mc/s 2.400pF 
PA6, PO6 3 Mc/s-1-4 Mc/s 900pF 
PA2, P02 1-5 Mc/s-600 kc/s 450pF 
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two 2-pole 6-way wafers (Home Radio Cat. Nos. WS27 
and WS29 respectively). The switch mechanism has an 
adjustable stop, thereby allowing five positions only to 
be available. One wafer is used for the aerial coils, and 
one for the oscillator coils. 

MODIFIED CIRCUIT 
The modified circuit appears in the accompanying 

diagram, in which the four poles of the new wavechange 
switch are numbered 1, 2, 3 and 4. Pole 1 switches the 
aerial to the required aerial winding; Pole 2 switches the 
signal frequency section of the two-gang capacitor, VCi 
(that nearer the front of the receiver) to the required aerial 
tuned winding; Pole 3 switches the oscillator grid 
capacitor. C3, to the required oscillator coil feedback 
winding; and Pole 4 switches the oscillator section of the 
two-gang capacitor, VC2, to the required oscillator tuned 
winding. Components which are numbered (e.g. Ll TQ, 
etc.) are those already fitted. Components without circuit 
reference numbers are new. 

Apart from the fact that they now couple to the 
remainder of the receiver via a new switch, the PA4, PA3, 
P04 and P03 coils remain in an unaltered circuit. The 
new aerial coils, PAS, PA6 and PA2 couple into the 
receiver in obvious manner and need no further comment 
so far as the circuit is concerned. The three new oscillator 
coils, however, require some further words of explanation 
because each of these needs a variable padding capacitor. 
For the prototype receiver, variable padding capacitances 
were obtained by utilising a 450pF (max.) mica trimmer 
and a multiple unit incorporating a 300pF (max.) trimmer 
and a l,000pF (max.) trimmer on a single mounting. 
These were employed in the following manner. The POS 
coil requires an adjusted padding capacitance in the range 
of 2,400pF, and this was given by the single 450pF trimmer 
with a fixed 2,000pF silver-mica capacitor connected 
across it. The PO6 requires about 900pF and this was 
provided by the l.OOOpF section of the multiple trimmer. 
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The modification to the "H.F. Bandt. Superhet" comhti of adding 
three further ranges, using the coil switching circuit shown here. 

Components with circuit references are already fitted 

The P02 coil requires about 450pF, and this was given 
by the remaining 300pF section of the multiple trimmer 
with a fixed ISOpF silver-mica capacitor connected across 
it. Other methods of making up the desired padding 
capacitance will be suitable provided that the final 

COMPONENTS 
REQUIRED FOR MODIFICATION 

(Cat. Nos,, where quoted, apply to Home Radio 
(Components) Ltd.) 

Coils 
PAS (Cat. No. C083E) 
POS (Cat. No. C085E) 
PA6 (Cat, No. C083F) 
P06 (Cat. No. C085F) 
PA2 (Cat. No. C083B) 
P02 (Cat. No. C085B) 

Capacitors 
2,OOOpF. silver-mica 
ISOpF, silver-mica 
450pF trimmer (Cat. No. VC29R) 
300pF + l,000pF multiple trimmer (Cat. No. VC54) 
Three 60pF mica trimmers 

Switch 
Shaft assembly (Cat. No. WS27) 
Two 2-pole 6-way wafers (Cat. No. WS29) 

capacitance can be varied over a reasonable range about 
the nominal figure shown in the Table. 

Three additional 60pF mica trimmers also are needed 
for the new oscillator coils. These are soldered directly 
across tags 1 and 2 of each coil. 

PRACTICAL WORK 
When the new switch has been fitted, it is best to wire in 

the PA and PO coils for one band only, and test the 
receiver. Any wiring fault can then be located before 
proceeding further. Assuming all is in order, add the PA 
and PO coils for other bands, testing each time if preferred. 

The original coils are left as fitted. As there is not a 
great deal of space, and extremely short leads are not 
important for the l.f. bands, the P02 oscillator coil and 
the additional aerial coils are placed above the chassis, 
and the POS and P06 oscillator coils under the chassis. 

ADJUSTMENT 
Treat each band individually. Tune in a transmission 

with the ganged capacitor nearly open, and adjust the 
oscillator trimmer so that the panel aerial trimmer peaks 
for best results, and is not fully open or fully closed. Then 
tune towards the low frequency end of the band, and adjust 
the oscillator coil padder as necessary, so that the pane! 
aerial trimmer can still be peaked for best results. Repeat 
these adjustments a few times. Full efficiency is obtained 
when the aerial timmmer allows signals to be peaked up, 
throughout all bands, and is not at its full minimum or 
maximum capacitance. If the aerial is fairly long, it is 
worth trying a 50pF or lOOpF variable capacitor between 
its lead-in and the receiver, £3 
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TRADE REVIEW 

NEWTRUVOX 

INTEGRATED CIRCUIT STEREO TUNER 

m. 

■■ 

The New Truvox Series 200 LC. Stereo Tuner 

The first British fm stereo tuner using integrated 
circuits and field-effect transistors has been 
introduced by Truvox Ltd. (ofHythe, Southampton), 

a member of the Controls and Communications Group. 
In technical terms it represents an important development 
in hi-fi equipment design. In user terms it means much 
better performance, greater reliability and more value for 
money. 

Designed from the outset specifically for stereo 
reception (mono reception is of course automatic when 
stereo is not being received), the new model is designated 
the Truvox Series 200 IC Stereo Tuner. As the name 
implies, it joins the recently introduced Truvox Series 200 
range: hi-fi amplifier, tuner, loud-speakers, mono and 
stereo tape recorders. 

Except for the legend "Integrated Circuit Stereo" on 
the tuning scale and a peak programme meter in place of 
the flag-type indicator, the new model is externally 
identical with the current FM200 tuner, which is basically 
a mono unit with optional plug-in stereo multiplex 
decoder. Balanced and unbalanced aerial inputs, outputs 
variable from 0 to 0*7V, flywheel tuning, stereo beacon 
and front panel switches (power on/off, a.f.c. on/off, 
stereo/mono and muting on/off) are as on the FM200, but 
internal design and performance are entirely new. 

In place of the previous mono circuit and its optional 
plug-in decoder, both of which used only discrete 
components, there is now a single circuit using integrated 
circuits (i.c.'s) and field-effect transistors (f.e.t.'s). 
Technically the "front" (aerial input) end of the circuit 
is a dual-gate f.e.t., which is coupled to an i.f. (intermediate 
frequency) "strip" comprising two linear i.e. amplifiers 
and a few associated components. 
440 

The f.e.t. and i.c.'s are made by RCA, the world's 
leading supplier ofhneari.c.'ssuitablefor communications 
and hi-fi equipment, which demands devices quite different 
from the better-known integrated (logic) circuits widely 
used for computers and the like. Though designed for civil 
audio apphcations, both the i.e. "chips" and "packages" 
are manufactured on the same production line and under 
the same conditions as those for the aerospace industries 
and the military. 

The first i.e. in the circuit effectively comprises 7 diodes, 
10 transistors, 11 resistors and all connections needed to 
form a complete i.f. amplifying section, ail diffused on a 
single chip of silicon. The second i.e. is even more complex, 
with 12 diodes, 12 transistors and 14 resistors. Both are 
mounted on miniature ten-lead bases sealed in standard 
size (TOS) transistor cans, which only require coupling 
capacitors and transformers to complete the i.f, strip. 
Decoder, a.f.c., output stages and similar sections are all 
mounted on the same board, so the overall circuit size 
and number of discrete components are substantially 
reduced. 

Properly designed into a circuit, the life of an i.e. is 
indefinite, and the reliability of the whole circuit is vastly 
improved. Better stereo reception (frequency response 
20 c/s to 15 kc/s +dB before de-emphasis and notch 
filters, channel separation better than 30dB at 1 kc/s, 
distortion less than 0-5 %), higher sensitivity (2-0nV for 
30dB quieting. SpV for 3dB limiting), lower noise (a.m. 
rejection better than - -50dB) and less drift (2pV signal 
held against 2Y at 0-5 Mc/s difference) are among the 
technical benefits. 

Prior to the introduction of stereo broadcasts, mono 
tuners were deservedly popular, and the optional plug-in 
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Integrated circuits (I.C.'s) in various stages of manufacture, as used 
in the completely redesigned Truvox FM200 IC Stereo Tuner 

stereo decoder was a logical extension. For the many 
present owners of Truvox mono tuners, this decoder will 
continue to be available. But with stereo broadcasting 
spreading, and already covering much of the country, an 
integral stereo tuner is a technically simpler and more 
satisfactory solution for anyone buying a hi-fi tuner today. 
The Truvox IC stereo tuner is ahead of the market in 
terms of technology, with performance, facilities, styling 
and price to satisfy the most demanding user. 

Sensitivity: 

Rejection (with 
receiver tuned to 
98 Mc/s): 

F requency response: 

Pilot tone 
suppression: 
Stereo separation: 

Distortion: 
Tuning range: 

SPECIFICATION 
2-0pV for 30dB quieting IHFM 
l-5pV for — 3dB limiting 
5-0pV for 200 kc/s bandwidth 
IF (10-7 Mc/s) —85dB 
|IF (103-35 Mc/s) —70dB 
Image (119-4 Mc/s) - 55dB 
Double4 i f- (206-7 Mc/s) —70dB 
AM —50dB 
20 c/s to 15 kc/s ± IdB before 
de-emphasis and steep notch filters 

40dB 
30dB at 1 kc/s 
22dB at 10 kc/s 
0-5% (40 kc/s deviation) 
87-5—108-5 Mc/s 

Tuning indication : 
Tuning stability: 

AFC: 

Stereo beacon: 

Switched controls: 
(on front panel) 

Aerial inputs; 

Outputs : 
Circuit: 

Voltage: 

Finish: 
Dimensions: 
Weight: 
Panel mounting 
cut-out: 

flywheel cursor, centre-zero meter 
will hold 2(lV signal against 2V at 
0-5 Mc/s separation 
Switched, +200 kc/s pull-in, 
temperature- compensated 
lights automatically on reception 
of stereo programme 
power on/off, AFC on/off, stereo/ 
mono override, interstation muting 
on/off 
balanced 300 O 
unbalanced 75 Q. 
0-0-7V r.m.s. for each channel 
silicon solid-state, with RCA dual- 
gate f.e.t. front end and i.f. strip 
comprising two R.C.A. i.c.'s on 
single printed board with multiplex 
and output stages, fed by 12V 
zener-stabilised supply 
100-120V or 200-250V a.c., 
50- 60 c/s 
teak, grey panel, white/silver trim 
16 x 65in(41 x 17-5 x 13 cm) 
10 lb. (4-5 kg) 
14 15/16 x 3|in (38 X 95 cm) 

□ 

EMI SOLID-STATE RADIATION DETECTORS 
The Valve Division of EMI Electronics Ltd., recently announced the introduction of two new solid-state 

radiation detectors. 
The SB2 is a silicon surface barrier diode detector with very good energy resolution, primarily designed 

for the detection of charged particles of proton mass and greater and is available in a range of active surface 
areas and depletion depths. 

The SB3 silicon probe is suitable for Alpha or Alpha plus Beta monitoring. The detector head is mounted 
on a six-inch angled handle, terminating in a coaxial socket. It is intended for use with charge sensitive 
input ratemeters, with a counting threshold of approximately IMeV equivalent for Alpha counting, and 
approximately lOOKeV equivalent for Beta counting. 
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m Cover Feature 
AMAAAAA 

SOLID-STATE 

AUDIO GENERATOR 

PARTI 

by 

G. A. STANTON, G3SCV 

By taking advantage of simple basic principles, this carefully engineered 
design offers a sine wave output having an amplitude continuously 
variable up to 15 volts r.m.s., and a response ranging from 10 c/s to 
20 kc/s within ± 2dB. Two frequency controls are provided, one offering 
a bandspread" from zero to 500 c/s. Inexpensive high performance 
silicon transistors are used throughout and total consumption is only 
14mA from a 9 volt supply. It should be pointed out that an oscilloscope 
is required for final setting up, as is described in the concluding part to 
be published next month. The concluding article will also give 

constructional details 

4 

PRIOR TO THE SECOND WORLD WAR, ALMOST ALL AUDIO 
Frequency Signal Generators worked on the beat 
frequency principle. In these the audio output was 

obtained by "beating" together two radio frequency 
oscillations. Since the War this type of generator has been 
superseded by types based upon the Wein Bridge oscillator, 
in which the output is generated directly by resistance- 
capacitance networks. While the Wein Bridge generator 
has the advantage of simplicity over the earlier types, 
nevertheless the Beat Frequency Generator still offers a 
number of useful features. By careful design, for example, 
the Beat Frequency Generator can cover the whole audio 

spectrum in one range, and yet at the same time, by having 
"bandspreading" facilities, be accurately set to any 
specific frequency within that range. An in-built 
calibration check can also be provided quite easily. The 
instrument to be described is of the Beat Frequency type 
and does, in fact, bring an old idea fully up to date. 

PRINCIPLE OF OPERATION 
The principle of operation can be understood from a 

study of Fig. 1. In this blocks A and B are two oscillators 
producing frequencies fl and 12. If these are fed into a 
suitable mixing network (M) four frequencies will be 

Oscillator 

Mixing network 

Oscillator 
B 

I +t2 
f, -<2 

7. The output frequencies produced when two oscillators 
applied to a mixing network 
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present at the output. These will be the original fl and £2, 
plus the sum of the two frequencies (fl + £2) and the 
difference between them (fl —f2). The principle illustrated 
by Fig. 1 is, of course, well known, and is the basis of every 
superhet receiver. It also represents the standard method 
of receiving c.w. signals in communication receivers. 

If, in Fig. 1, oscillator A is fixed at 100 kc/s and B is 
made variable from 100 kc/s to 120 kc/s, thqn the output 
of the mixer will include a frequency in the range 0-20 kc/s 
according to the setting of the variable oscillator. This 

provides the audio range. The "bandspreading" feature 
mentioned previously can readily be provided by making 
oscillator A variable by a small amount—say from 100 kc/s 
to 100*5 kc/s. This will then enable the output to be varied 
by amounts up to 500 c/s. For example, if oscillator A is 
set at 100*5 kc/s and oscillator B at 110 kc/s, the output 
will include a frequency of 9*5 kc/s (110 kc/s minus 
100*5 kc/s.) If a frequency of 14*9 kc/s is required, oscillator 
A can be set at 100*1 kc/s and oscillator B at 115 kc/s. 
(115 minus 100*1 = 14*9.) The control dials tuning the 
oscillators should, of course, be calibrated in terms of the 
audio range, whereupon any specific frequency within 
that range can be easily selected. 

While the principle of operation just outlined is 
relatively simple, a number of problems are involved in 
producing a satisfactory practical design. In the first 
place, it will be obvious that both the stability and the 
waveform purity of the output of the generator will depend 
upon the stability and waveform purity of the basic 
oscillators. These must be as stable and as free from 
harmonic production as possible. In earlier designs it was 
a standard practice to make both the oscillators identical 
in the hope that any frequency drift occurring in one 
would be neutralised by a similar drift in the other. It was 
also standard practice to filter the output of at least one 
oscillator to ensure freedom from harmonics. As will be 
seen, both these practices have been followed in the 
present design. E 

A second problem arises from the fact that two 
oscillators working in close proximity have a tendency 
to ''pulT" each other. If the oscillators happen to be 
working on frequencies that are but a few cycles per 
second apart, then the tendency is lor them to synchronise. 

m. 
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Rear view behind the front panel. Printed circuit pane! A is at the left 
with VCl alongside, whilst printed circuit pane! B, with VCJVC*. is 
to the right. Printed circuit pane! C is in the centre, with vertical screens 

on either side. 
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COMPONENTS 

Resistors 
(All fixed values-j watt 10 % unless stated otherwise) 

R. iokn R22 20kn 
r2 SOkH R23 820Q 
R3 4-7kn R24 22kQ 
R4 2-7kQ R25 4-7kQ 
R5 4-7kn R26 8'2kQ 
Ra 22kU R27 47kQ 
R7 IkQ R2S IkQ 
Rs iokn R29 2-7kQ 
r9 30kn R30 20kQ 
RIO 4-7kD R3I 2-7kQ 
Ru 2-7kfi R32 330Q 
R12 4-7kfi R33 18kQ 5% 
Rl3 22kQ R34 2-2kQ 5% 
Ru 5-6kD R35 18kQ 5% 
R15 IkQ R36. 2kQ 5% 
Rl6 IkQ 5% R37 See text 
Rl7 15kQ 5% R38 470Q 
Rl8 470Q 5 % R39 4700 " 
R19 39kQ R40 330Q 
R20 3'3kQ R4I See text 
R21 2'2kQ 

. VRj 5kQ potentiometer, linear, with switch Sj 

Capacitors 
Cr 1.500pF polystyrene 10% 
C2 l,500pF polystyrene 10% 
C3 lOOpF silver-mica 
c4 1,000pF polystyrene 
C5 O-SSpF paper 
C6 OTpF paper 
C, 0-33pF paper 
C8 820pF polystyrene or silver-mica 
c9 TOOOpF polystyrene 10% 
C10 l,000pF polystyrene 10% 
CM lOOpF silver-mica 
C12 l,OOOpF polystyrene 10% 
C13 0-33pF paper 
C14 OTpF paper 
Cis 0-33pF paper 
C16 lOOpF ceramic or silver-mica 
C17 500pF ceramic or silver-mica 
C18 0-0 IpF ceramic or paper 
C19 560pF polystyrene or silver-mica 5 % 
C20 0-0 IpF ceramic or paper 
C21 16(jF electrolytic 10V wkg. 
C22 250pF electrolytic 3V wkg. 
C23 4pF electrolytic 10V wkg. 
C24 lOpF electrolytic 10V wkg. 
C25 lOOpF electrolytic 10V wkg. 
C25 l,000pF ceramic 
C27 250pF electrolytic 10V wkg. 
vc. 3-60pF air-spaced variable, chassis 

mounting 
vc2 3-15pF air-spaced variable, panel mounting 

In the type of instrument being described "piilling" must 
be prevented at all costs. This means careful screening 
and adequate "buffer" stages to prevent the output of 
one oscillator coupling back into the other. 
FEBRUARY 1969 

VC3 3- lOpF miniature ceramic trimmer, silvered 
disc type 

VC4, YC, 500+500pF 2-gang, Jackson Type L 
or similar 

VC6 3-10pF miniature ceramic trimmer, silvered 
disc type 

VC7 10-50pF miniature cera.mic trimmer, 
silvered disc type 

* If VCi is panel mounting, an additional bracket is 
required 

Inductors 
Lj 4-7mH coil, type SHQ-Y/PC 

(Electroniques) 
L, 3'2mH coil, type Qoilmax MX8 

(Electroniques) 
L3 4-7mH coil, typeSHQ-Y/PC (Electroniques) 
L4 Home-wound (40 s.w.g. enamelled wire) 

on Neosid pot core type 10D (Pot core— 
Henry's Radio) 

L; 2-5mH r.f. choke, type CHI (Repanco) 

Sem iconductors 
TRi 2N697 
TR2 2N706 
TRj 2N697 
TR4 2N706 
TR5 2N706 
TR6 2N697 
TR, 2N697 
TR8 2N697 
D3-D4OA90 or similar 
Z1 6-2V zener diode (see text) 

Switches 
S! s.p.s.t., part of VR, 
83 1-pole 3-way Yaxley 
S3 2-pole 2-way break-before-make Yaxley, or 

toggle 
Meter 

50pA meter (see text) 

Battery 
9-volt battery type PP9 (Ever Ready ) 

Miscellaneous 
4 printed circuit boards, each 4j x 2jin 
2 epicyclic slow motion drives with flange. Cat. No. 

4511/F (Jackson Bros) 
Coaxial socket 
5-way tagstrip 
Knobs, as required 
16 s.w.g. aluminium sheet for chassis and panel 
Data Panel-Sign transfers. Set Nos, 4 and 6. 
Wire, nuts, bolts, etc. 

As already mentioned, several unwanted frequencies 
will be present at the output of the mixer circuit. Careful 
filtering is therefore necessary at this point to ensure that 
only the required audio signals are passed on to the 
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output stages of the instrument. The problem here is to 
design a filter that will completely remove the unwanted 
radio frequencies without at the same time attenuating 
the higher audio frequencies. This is best achieved by a 
combination of tuned circuits and suitable chokes. 
PRACTICAL DESIGN 

The circuit of the Audio Frequency Signal Generator 
which forms the subject of this article is given in Fig. 2. 
The instrument meets the following specification. 
Range: 0 to 20 kc/s in one range with a bandspread of 

0 to 500 c/s over entire range. 
Output: Sine wave T5 volts r.m.s. 
Response: ±2dB from 10 c/s to 20 kc/s. 

It will be seen in Fig. 2 that eight silicon transistors are 
utilised, and at first sight this may appear to be rather 
extravagant. Further study will, however, show that only 
two types are used, and both are readily available on the 
market at very low prices. 

To simplify construction, the instrument is built in 
four units, the components in each unit being mounted 
on small panels of printed circuit board. In Fig. 2, panel A 
comprises the "fixed" oscillator, TRi operating in a 
Tesla circuit at approximately 100 kc/s. This particular 
circuit was adopted because of its inherent stability. The 
tuned circuit is made up of Lj, Cj and C2, with VC, and 
VCo in parallel with C2, the former of the two variable 
capacitors being the "bandspread" control and the latter 
the zero re-set. The "bandspread" control is capable of 
increasing the frequency of oscillation by approximately 
550 c/s. TR2 is a buffer stage and output from the oscillator 
is fed to it via the small pre-set capacitor, VC3. The 
collector load of TRj is a parallel tuned circuit adjusted 
to 100 kc/s. The high C/L ratio of this combination is 
chosen in order to attenuate any harmonics that may be 
generated by the oscillator. 

Panel B contains the variable oscillator, TRj, together 
with its associated buffer stage TR4. This oscillator is 
basically similar to the one already described except that it 
is designed to tune from 100 kc/s to 120 kc/s by means of a 
standard two-gang 500 pF capacitor, VC4 and VC5. The 
buffer stage on this panel is untuned. 

Output from the two oscillators is fed via screened leads 
to the mixer mounted on Panel C, where the mixing process 
is carried out by TR5. This is biased to operate as a product 
detector, output from the fixed oscillator being injected 
into the emitter circuit and from the variable oscillator 
into the base. The resulting action is very similar to that 
of a frequency changer in a superhet, and output is taken 
from the collector circuit. At this point the unwanted 
radio frequencies are separated from the audio by means 
of a filter circuit. This follows standard practice but has 
been "tailored" to match the input of the following stage. 
The filter itself contains a parallel tuned circuit (L4, C19 
and VC7) adjusted to resonate at 100 kc/s. This presents 
a very high impedance to the fundamental radio 
frequencies which are consequently bypassed to earth by 
the capacitors C18 and €20- Any residual radio 
frequencies are prevented from reaching the audio stages 
by L5, which is a standard 2-5 mH r.f. choke. 

It should be mentioned that in the prototype the filter 
circuit was found to be the most critical part of the whole 
instrument. Any wide divergence from the values given 
can seriously affect the higher end of the audio range. 
The components used are standard and are readily 
available. 

A home-wound pot core assembly whose construction 
is described next month is employed for L4, but early 
checks with the prototype indicated that a Repanco 5 mH 
choke type CH2 would function equally well. If, however, 
the reader uses such a choke instead of the pot core coil 
it should be on an experimental basis only, and it may be 
necessary to alter the value of Cl9 to obtain the requisite 
filter frequency. Also, the choke must be mounted at right 
angles to L, to prevent interaction. With the pot core 
assembly and the values shown in Fig, 2, L4 resonates at 
the correct frequency, and this fact has been carefully 
checked in practice,* 

Panel D contains a three stage audio amplifier of 
conventional design in which generous use of negative 
feedback keeps distortion to a low level and also allows 
for differences in the individual transistors used. The 
feedback is provided over the first two stages by R24 and 
in the final stage by Rjj- A sinewave of 1-5 volts r.m.s. is 
available from the collector of TR8 but this can be reduced 
as required by the gain control (YRi) in the collector 
circuit of TR7. The gain control is ganged to the on-off 
switch of the instrument for convenience. 

In order to make the instrument more versatile two 
additional refinements are included in the design. A 3-step 
attenuator given by R33 to Rjg and 83 provides for the 

, output to be reduced by 20 dB stages, the output 
impedance being kept reasonably constant at around 
2 kQ. A meter is also included to monitor the output, 
which can then be adjusted as required. 

It will be noted that besides indicating the output 
voltage, the meter can also be switched to read the 
collector current of the mixer stage. This is to enable the 
instrument to be accurately "zeroed" for, as the zero 
frequency position is approached, the mixer collector 
current fluctuates slowly enough for the meter needle to 
follow. The zero is adjusted until the needle oscillates at as 
low a rate as possible. The instrument is then set to within 
a few cycles of zero frequency. This process, in itself, 
provides a check upon the calibration of the unit. 

For economy reasons, the meter used in the prototype 
is a 50pA "level indicator " as used on some tape recorders, 
R3 7 is adjusted so that the level mark on the meter indicates 
1 volt r.m.s. and is, in fact, an ISkfl resistor in parallel with 
a 56kn resistor. If a standard 50pA is used, Rj, should be 
adjusted for the meter to read 2 volts full scale deflection. 
The exact value will depend upon the internal resistance 
of the meter used and upon the diodes used in the meter 
bridge. It should be around 18kf2. The value of R4! will 
also depend upon the internal resistance of the meter, and 
should be such that the meter reads half-scale when 
switched to the "mixer" position. In the original. R43 is 
82012. 

It should be noted that, if a Yaxley switch is employed 
for S3, it must have break-before-make contacts. 

Power requirements for the instrument are extremely 
modest, the total current consumption from a 9 volt 
source being 14mA. The zener diode used by the author 
in the Z1 position was a Texas 1S7062A. but any 5% 
6'2 volt zener diode stabilising at around 5mA will be 
satisfactory. (A type 1S7062, which meets these require- 
ments, is available from Henry's Radio. Ltd.) By using a 

The author states, in answer to a query from ourselves, that varying values in 
C18 and C20 ranging from 0-001 (iF to 0-0,2uF have little effect on the tuning of LA.— 
Editor. 
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PP9 type of battery the instrument can be made self- be used, preferably a type of supply with some form of 
contained. Alternatively an external power supply could stabiliser included. 

(To be continued) 

Ready Reckoner for Parallel-R and Series-C 

by 

R. M. BLACKALL 

An ingenious diagram which enables parallel resistor and series capacitor 
problems to be solved withopt recourse to calculation 

BO 

SO 

IOO 470 

BO' 

20 

iOO 120 ISO ISO 220 270 330 390 470 560 68O 320 lOOO 
The accompanying diagram has been designed to 

give scales that are as free from convergence as 
possible. The horizontal scale is logarithmic, so that 

the preferred values are well spaced and cover a wide 
range. The vertical scale gives the resultant value and this 
is linear. 

The diagram gives parallel resistance or series 
capacitance from the equations 

C = C] x C2 

R,„ 
Rj X R2 

Ri -f R2 

FEBRUARY 1969 

Cl + C2 
where Rtotal or CtotaI is the resultant value and Rj and Rj. 
or C, and C2, are the individual values. 

As an example of how the diagram may be used, 
consider the resultant values given by 68 (ohms, kilohms 
or megohms) in parallel with 180, 82'm parallel with 120, 
100 in parallel with 100 and 470 in parallel with 56. In 
each case the resultant value is equal to (or very nearly 
equal to) 50, as shown by the dashed line. ' gj 
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IN LAST MONTH'S CONTRIBUTION TO THIS SERIES WE 
examined a.g.c. diode circuits as are employed in valve 
a.m. sound radio receivers, dealing first with circuits in 

which an a.g.c. voltage is produced for all input signal 
amplitudes and then carrying on to circuits in tvhich an 
a.g.c. voltage is produced only with signals whose ampli- 
tude exceeds a predetermined level. The second class of 
circuit provides what is described as "delayed a.g.c.", the 
word "delay" applying to voltage and not to time. We saw 
that both classes of a.g.c. are employed in valve a.m. 
receivers, despite the advantages in perfonnance conferred 
by the delayed a.g.c. system. The delayed a.g.c. circuit also 
has the minor disadvantage that it can introduce distortion 
with low strength a.m. signals whose amplitude at the 
a.g.c. diode is close to the delay voltage. However, this 
distortion can be reduced to an acceptable level if the 
delay voltage is of the order of 2 to 3 volts and if the i.f. 
signal for the a.g.c. diode is taken from the anode of the 
last i.f. amplifier valve. 

We shall now examine the manner in which the a.g.c. 
voltage is applied to the controlled valves. 

is chosen as an example. In this instance, a capacitor, C2, 
having a very low reactance at the resonant frequency of 
the tuned circuit is inserted between the lower end of the 
tuned coil and chassis, the a.g.c. voltage being applied to 
it via R2. A representative value for C, would be OTpF, 
whilst R2 may lie between lOOkfl and IMD according to 
receiver design. It will be noted that the lower terminal of 
the tuning capacitor in Fig. 1(b) remains at chassis 
potential, as is desirable when this is one section of a 
ganged capacitor having the normal construction em- 
ployed for such components. It is necessary for C2 to have 
a very low reactance at the resonant frequency of the 
tuned circuit because it would otherwise cause an un- 
desirable reduction in the tuning range available from the 
tuned coil and the tuning capacitor. The latter will be 
ganged with the variable capacitor controlling the 
oscillator frequency, whereupon the oscillator padding 
capacitor must have a value which takes account of the 
presence of C2. or receiver tracking will suffer. This last 
point is of particular importance when the oscillator 
padding capacitor has a value approaching that of C2, as 

f= 
1 

^Vlc 

A.G.C. VOLTAGE 

by IV. M or ley 

APPLYING A.G.C. VOLTAGE 
The a.g.c. system in a receiver functions by applying 

the negative voltage produced by the a.g.c. diode back, 
as a bias voltage, to the control grids of the valves which 
precede the diode, and it will be recalled that these valves 
are the r.f. amplifier valve (if fitted), the frequency changer, 
and the i.f. amplifier valve or valves. All the controlled 
valves have variable-mu characteristics, whereupon their 
mutual conductance varies "smoothly" as their grid bias 
voltage alters. As is required of an a.g.c. system in a valve 
receiver, the a.g.c. voltage goes negative as the signal 
amplitude passed to the a.g.c. diode increases. 

Fig. 1(a) illustrates one method of applying the a.g.c. 
voltage to a controlled valve. In this case the a.g.c. 
voltage is applied to the grid of an r.f. amplifier valve. 
Capacitor C, is a d.c, blocking capacitor and has a fairly 
low reactance at the frequency applied to the control grid. 
A typical value, for frequencies in the long, medium and 
short wave bands, would be of the order of 100 to 200pF. 
Resistor Ri should have a value which does not cause any 
excessive damping (i.e. reduction in effective Q factor) of 
the tuned circuit and could, typically, be IMG. The valve 
has cathode bias components, these allowing it to have 
its normal bias voltage when the a.g.c. voltage is zero. 

An alternative method of applying a.g.c. voltage is 
shown in Fig. 1(b) and, here again, an r.f. amplifier stage 
448 

can occur on the short wave ban-'s of conventional 
superhets. 

The method of a.g.c, voltage application shown in 
Fig, 1(a) is frequently referred to as "parallel feed" and 
that in Fig. 1(b) as "series feed". As we have noted, with 
parallel feed it is necessary for the feed resistor (Rj) to 
have a value which does not cause objectionable damping 
of the tuned circuit. Also, with series feed it is necessary 
for the capacitor inserted at the chassis end of the coil 
(Ci) to have a very low reactance (i.e. high capacitance) 
and to choose a value of oscillator padding capacitance 
which allows for its presence. 

Both the circuits of Figs. 1(a) and (b) are suitable for 
use in an r.f. amplifier stage. They may also be employed 
at a frequency changer stage, in which case the a.g.c. 
voltage is applied to the signal frequency grid of the valve. 

With an i.f. amplifier, the series feed method is prefer- 
able, and the appropriate circuit is shown in Fig. 1(c). 
This differs slightly from Fig. 1(b) because the added 
capacitor employed in the a.g.c. system. C3, does not 
enter the i.f. transformer tuned circuit. The tuning 
capacitor for the latter is a fixed component and it is not 
required that one of its terminals be at chassis potential. 
There is no necessity for C3 to have quite as large a 
capacitance as does C2, of Fig. Kb), although a value of 
about OOlpF or more is still desirable. The parallel feed 
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type of a.g.c. voltage application is not attractive for i.f. 
amplifier grid circuits, because the effective Q factor of a 
tuned i.f. transformer secondary, which is of course 
expressly designed to operate at a single frequency, is 
higher than is that of an r.f. tuned circuit, and the added 
grid resistor would cause significant damping. 

TIME CONSTANT 
Fig. 2 illustrates the components used in a simple a.g.c. 

circuit, as is encountered in domestic a.m. valve superhets 
having no r.f. stage and a single i.f. amplifier valve. 
Resistor Rj is the a.g.c. diode load, whilst R2 and C2 are 
the low-pass filter components which ensure that no i.f. 
signal is present on the a.g.c, voltage. Cj also carries out 
the same function as did C3 in Fig.lfc). Thus, the a.g.c, 
voltage is applied to the i.f. amplifier control grid via a 
series feed arrangement. At the same time, the a.g.c. 
voltage is passed to the frequency changer signal grid via 
the parallel feed method of Fig. 1(a). The circuit of Fig. 2 
is typical of the a.g.c. systems incorporated in many 
domestic long, medium and short wave a.m. receivers, 
and the component values are representative of standard 
practice. We shall now refer to this circuit as an example 
for the explanation of a.g.c. time constant. 

Let us imagine that a signal is suddenly applied to a 
receiver employing the a.g.c. circuit of Fig. 2. As soon as 

'. j signal appears, the a.g.c, diode immediately applies a 
negative-going voltage to the right hand end of R2. It will 
be apparent that the speed at which this negative voltage 
is fed back to the controlled valves, and thereby reduces 
their gain, depends upon the values of Rj and C2. Both 
these components have relatively large values, and an 
appreciable time will elapse before C2 becomes charged 
such that the full a.g.c. voltage appears across its plates. 
There will also be a time delay due to the presence of Q 
in the parallel feed circuit to the signal grid of the frequency 
changer but, since Cj has a very much lower value than 
Cj, this secondary time delay will be negligible and can 
be ignored. Another point is that the internal impedance 
in the a.g.c. diode when it produces the a.g.c. voltage is 
low, and this may be similarly ignored. Thus, as already 
stated, the two components which control the speed at 
which the negative a.g.c. voltage is applied to the con- 
trolled valves are Cj and R2. 

Let us next assume that the signal is suddenly removed. 
At once the a.g.c, diode will cease to conduct, whereupon 
Cj will commence to discharge and the negative a.g.c. 
voltage on the grids of the controlled valves will fall to its 
previous value, the speed at which it falls being that at 
which C2 discharges. Since the a.g.c. diode does not now 
conduct, the discharge path for C2 is given via R2 and 
the diode load R3. Thus, C2 has to discharge through a 
higher resistance (R, plus R,) than that through which it 
charges, and it follows that the speed at which the a.g.c. 
voltage falls is slower than that at which it rises. In con- 
sequence, an a.g.c. circuit of the type shown in Fig. 2 
operates more quickly with signals that are increasing in 
amplitude than it does with signals which are decreasing 
in amplitude. This effect is unavoidable. In practice, it is 
not particularly troublesome provided that R, is lower in 
value than R2. • 

An a.g.c. system has to be fast-acting if it is to be 
effective with signals which are subject to rapid fluctuations 
in strength due to fading. At the same time, however, it 
must not be so fast-acting that the a.g.c. voltage responds 
FEBRUARY 1969 

to the lower audio frequencies modulating the signal being 
received. If this were to occur the a.g.c. system would, as 
a first effect, cause these frequencies to be attenuated. As 
a second effect, the alternating audio frequencies in the 
a.g.c. voltages applied to the controlled valves could, due 
to waveform distortion introduced by the filter com- 
ponents in the a.g.c. circuit, amplitude modulate other 
audio frequencies as well. 

The normal approach in domestic a.m. receivers is to 
make the speed of a.g.c. operation with increasing signal 
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(b). 

(C). 

1 (a). Applying an a.g.c. voltage to an r.f. 
amplifier by the parallel feed method 

The series feed method of applying the 
a.g.c. voltage 

The series feed circuit as used with an i.f. 
transformer 
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Fig. 2 A typical a.g.c. circuit with representative component values, as 
encountered in domestic a.m. radio receivers. The components with 

circuit reference numbers are those in the a.g.c. circuit proper 

strength (i.e. when Cj of Fig. 2 charges) several times 
slower than that at which feedback of the lowest audio 
frequencies to be reproduced can occur. The speed of 
operation when signal strength decreases will then be 
automatically slower and the a.g.c. system as a whole will 
not respond to a.f. modulating signals. 

The operating speed of an a.g.c. system is expressed in 
terms of the charging time constant of its filter components 
as signal strength increases. In the circuit of Fig. 2, this 
time constant is that offered by C2 and Rj. Now, the time 
constant of a resistor and capacitor is defined as the time 
taken for the voltage across the capacitor, when initially 
discharged, to rise to 63 % of an e.m.f. suddenly applied 
via the resistor,* and it is equal to the capacitance multi- 
plied by the resistance where time constant is in seconds, 
capacitance is in farads and resistance is in ohms. The 
farad is a very large capacitance, and it is usually more 
convenient to calculate time constant, in seconds, from 
microfarads and megohms, (Since one quantity is divided 
by a million and the other is multiplied by a million their 
product remains the same). 

In Fig. 2 the time constant for the a.g.c. system is given 
by C2 (0-05pF) multiplied by Rj (2Mn) and works out as 
OT second. This is a typical a.g.c. time constant for a 
domestic a.m. receiver and, because it corresponds to one 
half-cycle at 5c/s, can be expected to afford good pro- 
tection against unwanted a.g.c. operation by modulating 
audio frequencies. The same time constant would be given 
if, say, Cj were OTpF and R2 were IMH. since the product 
once more works out as OT second. In general, the a.g.c. 
time constants in domestic receivers intended for long, 
medium and short wave a.m. operation lie between 0-05 
and 0-2 seconds, these offering sufficient speed of a.g.c. 
operation to counteract most types of fading likely to be 
met. If the receiver is intended for high fidelity repro- 
duction, where the lower audio frequencies are reproduced 
at greater level than in more inexpensive domestic 
equipment, it is preferable to use a slightly longer a.g.c. 
time constant, from around 0-2 to 0-4 second. Such 

*Or for the voltage across a charged capacitor to fall to 37 % of its initial value 
when the resistor is connected across it. Time constant was discussed in detail in 
"Understanding Radio" in the October 1962 issue. 
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receivers will normally be used for listening to trans- 
missions offering good signal strength and which are not 
subject to high speed fading, whereupon a fast-acting 
a.g.c. system is not so necessary. Incidentally, the last 
type of receiver will normally be made in the form of an 
"a.m. tuner unit", this comprising all the stages of a 
superhet up to and including the signal detector and a.g.c. 
diode. Its a.f. output is then coupled to a separate high 
fidelity a.f. amplifier. 

Specialised a.m. receivers, as are used for communica- 
tions reception and the like, have different a.g.c. require- 
ments, and it is a common practice to fit a switch which 
can select one of two a.g.c. time constants. Typical time 
constants are of the order of 0*2 seconds for telephony 
(speech) and 0-5 seconds for telegraphy (morse trans- 
mission). A communications receiver will also have a 
switch to cut the a.g.c. system out altogether, this being 
accomplished by short-circuiting the a.g.c. feed, after the 
filter resistor immediately following the a.g.c. diode, to 
chassis. Manual controls are then employed to control 
the gain of the r.f. and i.f. stages. 

A.G.C. COMPONENT VALUES 
As we have seen from the simple a.g.c. circuit of Fig. 2, 

an important requirement of the filter components C2 
and R2 is that they should provide the time constant 
desired for the particular receiver in which they are fitted. 
There are other requirements which also affect 
component values in the a.g.c. circuit. If, for instance, the 
a.g.c. voltage is taken from the detector diode load 
instead of from a separate diode, R2 requires a high value 
in order to reduce a.c. loading on the detector circuit, A 
further point, which we have already mentioned, is that 
whilst Cj functions as a low-pass filter component it also 
acts as a bypass capacitor at intermediate frequencies for 
the i.f. transformer secondary, with the result that it 
requires a reasonably large value in order to provide a 
low reactance at such frequencies. Another reason for 
giving C2 a large value is that it also decouples the a.g.c. 
feeds to both the i.f. and frequency changer grid circuits, 

(continued on page 453) 
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SOLID-STATE DIGITAL CLOCK 

Part 3 

by 

A. J. EWINS 

In the third section of this 4-part series, the technical description is 
completed by examining the AM/PM light switching circuit and the 

chime oscillator. Details of construction are then commenced 

AM/PM LIGHT CIRCUIT 
The am/pm light circuit, shown in fig. 11, looks 

very much like a Schmitt trigger, but its operation is 
essentially different in that each transistor is either 

"hard-on" or "hard-off". It might, in fact, be termed a 
"saturated Schmitt trigger". 

The input to the circuit is obtained from the output of 
binary B25 (see Fig, 1). When the output from B25 is "up", 
TRj will be fully conducting. The values of lU, R3, R4 
and R5 are chosen so that TR3 is also fully conducting 
with the result that the base of TR2 is below its emitter 
voltage, hence TR2 is "off". Thus the lamp PL2 is lit. 

The lamps are 6V 0-04A types. R5 is chosen to be 150£1 
so that when either TR2 or TR3 is fully conducting the 
voltage supply needs to be (150 x 0-04)-|-6=12V. (This is 
the unsmoothed 12V supply obtained from the power 
supply in Fig. 5.) 

When the output of B25 is "down", TRj^ is non- 
conducting with the result that the base of TR2 is fed from 
the supply rail via R2. Thus TR2 becomes fully conducting, 
PL! is lit and, due to the values chosen for R+ and R6, 
TR3 becomes non-conducting as its base voltage falls 
below its emitter voltage. 

COMPONENTS 

(Fig. 11) 

Resistors 
Ri lookn 
r2 5-6kH 
R3 4-7kH 
R4 5-6kn 
R5 150Q 
Rfi ■'27kn 

Transistors 
TRj, TR2, TRj BC168 (or suitable alternative- 

see text) 

Lamps 
PL,, PL2 6V 0-04A (see text) 

Lamps PLj and PL2 are 6V 0-04A rear lamps, as used 
in bicycle dynamo lighting systems. If any difficulty is 
experienced in obtaining these, they are usually available 
at Woolworth's stores. 

The transistors specified for TRi, TR2 and TR3 are 
BC168. However, any n.p.n. transistors with hfc greater 
than 100 may be employed instead. 

CHIME OSCILLATOR 
The chime oscillator circuit is given in Fig. 12. Except 

for the addition of TR3 with its associated base resistors 
and C2, the circuit is a conventional free-running 
multivibrator. C2 was added experimentally and found 
to produce a more "pure" tone with a slight reduction in 
frequency. The input to the base of TR3 is fed, via R5. 
from the output of the NAND gate (see Fig. 2). When 
TR3 is non-conducting the oscillator is allowed to run 
freely, but when TR3 is fully conducting the base of TR2 
is held down at near earth potential with the result that the 
oscillator is held with TR! "on" and TR2 "off', i.e. not 

+I2V 
seise 

TR, 
BCI68 

tPL, PLo 

TR2 
BC168 

"4 
♦—WW—1 

From 
B25 

-® kg 

trs 
bci68 

"si 
ov 

Fig. 11. The AM/PM light switching circuit. The 
input is obtained from bistable B25 of Fig. 1 

(published in Part 1 of this series) 

454 THE RADIO CONSTRUCTOR 



+9 to iOV 

Moving coil mic. 
insertOOOn imped) 
connected in 
series with R4 

II TR 
BC168 From 

NAND BC 168 gate 

OV 

BC 168 
Lead-outs 

Fig. 12. The chime oscillator. This is controlled by 
the output from the NAND gate via transistor TR 

free-running. The collector resistor of TRu Rj, is 
chosen to be as high as is practically possible so that the 
current consumption of the oscillator, when it is in its 
non-operative state, is at a minimum. The sound is 
provided by a moving coil microphone insert connected 
in series with the collector resistor of TR2, R4. Further 
details on this insert, which functions here as a reproducer, 
were given under "Notes on Components" published in 
Part 1 of this series. 

Transistors TR! and TR2 are specified as BC168, but 

2-hole_ 
rows 

3-hole 
rows 

COMPONENTS 

(Fig. 12) 

Resistors 
Ri 4-3kf2 
R2, R3 33kn 
R4 ikn 
R5 lOOkfi 
R6 820kn 

Capacitors 
O02pF disc ceramic (as small as 

possible) 

Transistors 
TRi. TR^ BC168 (or suitable alternative— 

see text) 
TR3 silicon planar transistor 

Reproducer 
Moving coil mic. insert (see text) 

any n.p.n. transistor with hfe greater than 60 could be 
employed instead. 
CONSTRUCTIONAL DETAILS 

The various electronic circuits of the clock are wired up 
on three OTin pitch Veroboards and one OTSin pitch 
Veroboard. 

Board 1 consists of binaries B1 to B20 and the mono- 
stable, Ml, of the basic circuit of the clock (see Fig. 1), 
Board 2 consists of the remaining binaries of the basic 
circuit, B21 to B25, the AM/PM light circuit (see Fig. 
11) and the read-out circuit (see Fig. 4). Board 3 takes the 

Tinned copper wire 

II (MO holes) 
!3-hol« 

O-i Veroboard rows 
holes 

32 B3 B4 0 5 M ! B6 

3/4 
(34-holes) 2-hoe B 13 B12 BM BIO B 9 BB 0 7 rows 

9-hoe B 14 315 B16 S17 B 18 BI9 BZO rows 

I h hole 
rows 

T 2-hoSe 
rows 

FEBRUARY 1969 

•-3-hole rows Space aiiotted for bistables 
and monostabie (9x11 holes) Connection loops 

Strip direction 
Fig. 13. Layout of the stages on Board 1 
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The chime circuit. This board, No. 3, holds all the components required 
for the chime function 

chime circuit, in its entirety. Finally, Board 4 is the 
combined power supply and Schmitt trigger (see Fig. 5). 

Because of the obvious complexity of the construction 
of the four boards and the great number of words that 
would be necessary to describe it in detail it is proposed 
to give only an outline of the layout of the individual 
building blocks, leaving it to the constructor, with careful 
study of the photographs, drawings and circuits, to work 
out for himself the interconnections between the building 
blocks and the four boards. This, after all, is part of the 
fun of construction. 

BOARD 1 
A photograph of Board 1 was given in Part 1 of this 

series. This photograph should be studied in conjunction 
with Fig. 13, which illustrates the positions taken up by 
the bistables B1 to B20 and monostable Ml. It should be 
noted that only the actual bistable and monostable 
components appear in the space allotted for them in 
Fig. 13. The additional components—shown outside the 
blocks in the basic circuit of Fig. 1—are similarly 
positioned outside the "allotted spaces" of Fig, 13. 

Figs. 14 and 15 show the basic layouts of the components 
of a bistable and a monostable respectively. The view is 
looking down on the component side, with the copper side 
underneath. In Fig. 14 all components are mounted 
vertically except the diodes and the lOOkfi resistors from 

Transistor 

collectors to diodes. In Fig. 15 all the components are 
vertical apart from the lOOkQ and lOkD resistors which 
connect to the d.c. output. The transistor identification 
in Fig. 15 corresponds to that in the circuit diagram of 
Fig. 7. Both the bistables and the monostable take up a 
matrix of 11 x 9 holes. This layout is suitable for transistors 
with small TO-18 cans. If the constructor uses transistors 
with larger TO-5 cans the binary layout may be altered to 
that given for the chime binaries in Fig. 19. This altered 
layout occupies the same 11x9 holes. Both layouts appear 
in the author's prototype as he had both types of transistor 
on hand. 

The size of the board is 11 x 3|in, which is 110 x 34 holes. 
Referring to Fig. 13, the building blocks are arranged so 
that 3 columns of holes are left free between the columns 
of building blocks, 2 columns of holes are left free on the 
left-hand side of the board and 13 columns are left free on 
the right-hand side of the board. A space of 3 rows of 
holes is left between the top and middle rows of building 
blocks, 2 rows of holes are left between the middle and 
bottom rows of building blocks leaving 2 rows of holes 
below the bottom row of building blocks. Laying out the 
building blocks of Board 1 as described leaves plenty of 
space for the additional components of Fig. 1 
interconnecting the binaries B1 to B20 and the monostable. 

At the far right-hand side of the board can be seen 14 
"connection loops". Board 1 is used as a master board. 

ioo IOO 
!Okh lOkri o/p to next stage 

£ 320—820 Transistor e iOOkrvrkn Ikr? lOOkn e 

' rl O O 
n Diode Diode 

Trigger i/p 
OOIJJF OOipF 

Fig. 14. Basic component layout of a bistable. In this and the similar 
diagrams which follow, the component side of the board is towards 

the reader 
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Transistor 

Trigger i/p 

lOOkn lOkn 

||oo%n 
lOkn 

IR|) Transistor 
(TRs) 

I 7 - ov 820ka o-o 

10 kn o o o o o o o 
OOOOOOQO o o 

lOOkn 
d.c. o/p 

Fig. 15. Monostable component layout 

connections to all the other boards being taken from it. 
The " connection loops " are simply loops of tinned copper 
wire soldered to the Veroboard strips as shown in the 
inset. External connections are made to these rather than 
to the Veroboard strips since it is easier to add and remove 
the external connecting wires. Also, the Veroboard copper 
strips might become damaged or lift from the board if 
repeated connections and disconnections were made to 
them directly. 

The 14 "connection loops" provide the following 
services: 

(1) Positive stabilised rail from power supply (Board 
4) 

(2) 0 volts or earth rail from power supply (Board 4j 
(3) Negative rail from power supply (Board 4) 
(4) 50 c/s square wave input from Schmitt trigger 

(Board 4) 
(5) Positive supply rail to chime circuit (Board 3) 
(6) Positive going second pulse to chime circuit 

(Board 3) 
(7) 0 volts or earth rail to chime circuit (Board 3) 
(8) Negative supply rail to chime circuit (Board 3) 
(9) Negative going second pulse to push-buttons, 

s2-s5 

to 

(10) Positive supply rail to Board 2 
(11) Hour pulse to chime circuit (Board 3) 
(12) 0 volts or earth rail to Board 2 
(13) Negative supply rail to Board 2 
(14) Hour pulse to Board 2 
Visible in the photograph of Board 1 (but not shown in 

Fig. 13) are 14 connecting leads from the component side 
of the board. These provide the connections between the 
outputs, 1 to 14, from the binaries B7 to B20 and the inputs, 
I to 14, of the meter read-out circuit (Board 2). Just visible 
in the photograph are vertically mounted diodes and 
resistors associated with binaries B1 to B6 (near the top 
right hand comer of each binary). These should be ignored. 
They were originally designed to reset the binaries B1 to 
B6 but were later omitted from the circuit. 

After assembling the binaries and monostable it should 
be a fairly easy matter for the constructor to work out the 
positioning and connection of the remaining components 
of Fig. 1 associated with Board 1. As may be seen from 
the photograph, "jumper" wires are used where 
convenient to connect spaced copper strips together. 
Probably the trickiest thing to work out is the positioning 
of the holes that need to be cleared of copper (i.e. where 
the rows of copper conductors must be "broken") so it 

73/4"(78 holes)- 
2-hole rows 

9-hole rows 
i  

11- hoIe_ 
rows 

4 connecting loops 

Connecting loop to 
diode 

822 B23 

-3-hole rows 

B24 B25 a.m./p.m. 
light 

circuit 
8 rneter <= 

^ ^connecting^^ 

TRI5 TRI6 TRI7TRI8TRI4 TRI3TRI2 TR8 TR9 TRIOTRll\TR7 TR6 TR5 TRl TR3 TR, TR. 
0000000000 op000000 

33/4" 
(34 holes) 
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Power supply diode 
(see text) Strip direction 

Fig. 16. The positions taken up by the stages and read out transistors 
of Board 2 

O-l Veroboard 
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Edge of board 

O-O o RC|5b R.V!6b 

i/p 15 i/p 16 

R.9l5a RC 16a 
lOOkn COkn 

n 13 

820kn BSOkn 

- ve terminal of hour meter 

Connection loop 

Fig. 17. Component layout for the fint two tramiitors in the read out 
circuit 

is advisable to double check everything before applying 
any electrical tests. Further genera! advice is given at the 
end of the constructional details. 

BOARD 2 
A photograph of Board 2 also appeared in Part 1 of this 

series, and it should be examined in company with the 
layout diagram of Fig. 16. 

The top half of the board contains, from left to right, 
the binaries B21 to B25 of Fig. 1 and the AM/PM light 
circuit. The component layout of the binaries is as shown 
in Fig. 14. The lower half of the board contains the read- 
out circuit of Fig. 4. It will be seen that there are 19 
transistors in the photograph instead of 18 as shown in 
the circuit diagram and Fig. 16. The extreme right-hand 
one should be ignored. (The author had thoughts of the 
seconds pulse operating a magnetic counter or some 
similar item.) The layout of the first two transistors (from 
the left) and their associated resistors is shown in Fig. 17, 

the layout of the others following the same pattern. All 
resistors are mounted horizontally. It must be noted that 
the order of the transistors, from left to right, is not TRj 
to TR18, but TR15 to TR18, TR ,4. down to TRjj, TRS to 
TRu and TR7 down to TR,. The repositioning of the 
transistors and their associated resistors was carried out 
in order that the interconnections between the various 
binaries and the readout circuit should be as short as 
possible when Boards 1, 2 and 3 were mounted in their 
final positions. The size of Board 2 is approx. 7| x 3|in 
(78 x 34 holes). The binaries were again mounted with a 
space of 3 columns of holes between them and a space of 
2 columns of holes on the left of the board. It is left to 
the constructor to design a suitable layout for the AM/PM 
light circuit at the top right of the board. 

The lonely-looking diode, centre right on the board, is 
one half of the full-wave rectifier for the unsmoothed 
supply to the AM/PM light circuit. This diode connects 
to one half of the 12-0-12 volt winding of the mains 

3-hole rows 

Connection loops 

BC 

NAND 

BC 2 

(o'/B* (IOI holes )- 

1 
3-hole rows O-l Veroboard 

BH 2 BH 3 BH 4 

C3 

BS I BS 2 BS 3 BS 4 osc. \ 

(34 holes) 

Strip direction 
Fig. 18. Stage layout for Board 3 

Connection loops 
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Trigi/p 
BH2 (layout identical 

to BS 2) 
ooooooooooo 

ooo 

ov 

ooo ooo 

ooo 
330kn ooo ooo 

I o o o +. 1 O 
IIOOOIOOO 
ooo/ OOO 

ov 

GSM 

OR gate i/p 

1 

(Base of TRi) lOOkn 
I o (kn 

(Oka KDkn 

5^ 

iOOkn 

lOOkri OOkn 
t ll'1!' L-J o _j H I 

820kn I ■4 o o o 

BS2 o o o o 
O-OkjF OOiliF 

Part of OR gate 
(fig.9) 

Trig i/p 

Fig. 19. The interconnections between an hour binary, a comparator 
and a seconds binary on Board 3 

transformer on Board 4 via a "connecting loop" at the 
extreme left. It was originally intended to use a half-wave 
rectified unsmoothed supply for the circuit but as it was 
found to be unsatisfactory (the light bulbs were not bright 
enough) the second diode, to give a full-wave rectified 
supply, was added. It is suggested that the constructor 
mounts a second diode on the row above the one occupied 
by the present diode, the right-hand side of it being 
connected to the right-hand side of the existing one and 
the left-hand side of it being connected to the other half 
of the 12-0-12v winding on the transformer. 

At the top left-hand side of the board are four 
connecting loops. These are, from top to bottom: 

(1) Positive supply rail from Board 1 
(2) 0 volts or earth rail from Board 1 
(3) Negative supply rail from Board 1 
(4) Hour pulse from Board 1 
Indicated in Fig. 16 are the approximate positions of 
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8 "connecting loops" for the meters, 
the top loop in each case being the 
positive supply rail. Returning to 
Fig. 17, which shows the view from 
the component side of the board, it 
will be seen that each of the read-out 
transistors has a small "connecting 
loop" also, this allowing an external 
connection to be made to its input 
lOOkfl resistor. (Actually, there is no 
need for this loop with TR! 5 to TRjg, 
since these are coupled to binaries on 
the same board.) Finally, it will be 
noted that the read-out transistors 
proceed along the board on a "4-hole 
matrix", as indicated by Fig. 17. 

The layout and connections of the 
remaining components (those 
associated with B21 to B24) and the 
various jumper wires are left to the 
constructor's judgement. 

BOARD 3 
The photograph appearing in this 

issue is of Board 3, and stage layout 
is given in Fig. 18. On this board is 
constructed the entire chime circuit 
of Fig. 2. The layout of the 18 
building blocks on the board is the 
same as on the circuit diagram, that 
is, BC1 at the top left-hand side of the 
board then BH1 to BH4 and the 
monostable at the top right-hand 
side of the board, and so on. The 
layout of the binaries is a little 
different from those on Boards 1 and 
2 because, as was mentioned when 
discussing Board 1, the transistors 
used were of TO-5 construction 
instead of TO-18, the larger can 
requiring a slight reshuffling of com- 
ponents. The interconnections 
between an hour binary, a 
comparator and a seconds binary 
and the basic layout of the compo- 
nents are shown in Fig. 19, with the 

components side of the board towards the reader. All 
resistors can be mounted horizontally except for the cross- 
coupling 100k£2 and collector 10kI2 resistors in the 
bistable. All the diodes are horizontal. Note that an input 
diode and lOOkfl resistor of the OR gate (Fig. 9) appears 
in the layout of Fig. 19. The layouts of the monostable, 
the oscillator, the remaining components of the OR gate, 
and the NAND gate, are left to the constructor to design 
and will be found to fit easily into the remaining spaces. 
The board is approx. 10gx3|in. (101x34 holes). The two 
connection loops at the .right of the board are for 
connection of the oscillator output to the moving coil 
microphone insert. The five connection loops at the left 
of the board are, from top to bottom: 

(1) Hour pulse from Board 1 
(2) Positive supply rail from Board 1 
(3) 0 voltage or earth rail from Board 1 
(4) Negative supply rail from Board 1 
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(5) Positive going second pulses from Board ! 
Again, great care must be exercised that the copper 

conducting strips are "broken" in the correct places and 
these should be double checked before testing. 

NEXT MONTH 
Next month's concluding article will commence with a 

description of Board 4. after which general constructional 
and setting-up details will be given. 

(To be concluded) 

TRADE REVIEW 

NOMBREX WIDE RANGE TRANSISTORISED R.F. GENERATOR MODEL 29S. 

This instrument is the latest addition to that range of test equipment currently marketed by Nombrex 
Ltd., of Exmouth, Devon. This standard model has the general specification shown below and is the result 
of many years of design, development and manufacturing experience of solid-state signal generators. Of 
completely new design, it incorporates every function and facility at a reasonable price, and forms a 
versatile all purpose portable instrument ideal for the service engineer, technical training colleges and for 
the amateur radio technician. 

The instrument has a wide frequency coverage, 150 kc/s to 220 Mc/s in 8 overlapping bands, each 
band having a separate scale—see illustration herewith. The 8 bandspread scales have a total length of 
40 in, the rectangular tuning scale being 5^ x 2iin, the scale discrimination being 0-6% to 1 '5% of the 
indicated frequency. A smooth verniertuning control having a ratio of 7^:1 with a magnifier tuning cursor, 
for easy and accurate adjustment, is fitted. An optional extra is that of a rapid spin wheel tuning device. 

The r.f. output has an average maximum of 1 OOmV on all ranges, the modulator-buffer output stage 
eliminating load-frequency variations. The output has a OOOfi resistance, constant at all attenuator 
settings. 

For calibration purposes, an electronic calibrator panel control, providing scale accuracy adjustment 
within 0-05% against an external standard frequency signal, is fitted. 

The variable modulation depth is from 0 to 1 00%, the modulation frequency being adjustable from 400 
to 1,000 c/s. An a.f. jack is provided for external modulation. 

The stability of the r.f. circuits is stabilised against variations in battery voltage. Easy access to the 
battery is provided by the removal of a small rear cover and the instrument employs a standard transistor 
9V battery—Ever-Ready PP4 or Drydex DT4, 

The attenuator is continuously variable being nominally calibrated from 0 to 1 0, 
A jack socket provision for operation from an external 9V battery or mains supply unit is provided. 

Insertion of the jack automatically disconnects the internal battery. 
A printed circuit assembly is used throughout, this ensuring long-term stability and reliability. 
The case dimensions are 74in wide, 5Jin high and SJin deep, being of steel and stove enamelled in a 

medium grey colour, the panel being recessed and anodised medium blue. The scales and characters are 
in satin-silver, the control knobs being black and having a fluted grip with spin disc styling inserts. 

The accessories are supplied with the instrument, 
these being a coaxial r.f. test lead 36in long 
terminated by 2 clips, an audio jack plug, 
circuit diagram, full components list and 
operating information. 

Model 29-X incorporates all the features of the 
Standard Model 29-S plus an integral crystal 
oscillator module providing harmonic calibration 
check points on all ranges, employing a unique 
electronic calibrator panel control, to a check- 
point accuracy of ±0-02%. The marker signal, 
level adjustable by the attenuator, is available 
separately at the r.f. output socket for use with 
external equipment. 

The spin wheel tuning is available as an 
optional extra on both models to special order. It 
provides rapid traverse of scale combined with 
smooth vernier adjustment. Add suffix -/SPIN 
when ordering. 
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I must say," said Dick enthusiastically, 
as he energetically snipped away with 
his scissors, "that these Data Sheets 

aren't half a good idea." 
Smithy glanced up over his after-lunch 

mug of tea as Dick placed the latest 
Workshop copy of The Radio Con- 
structor, now bereft of its Data Sheets, 
down on his bench. 

"They are, indeed," he agreed. "What 
I like about them is that they so often 
give you the sort of gen which you 
otherwise waste ages in working out. It 
was a stroke of genius, for instance, to 
have a Data Sheet which gave calculated 
values for capacitance and resistance in 
a multivibrator. It's always a fiddling job 
calculating multivib CR values,"but 
there's no necessity now there's a table 
available," 

BINARY NLMBERS 
Dick pulled what appeared to be a 

slim hard-cover book towards him, 
opened it up and consulted its contents. 

"Ah yes," he remarked, "Now, that 
multivibrator CR table was a good one. 
It appeared, incidentally, in the last 
October issue." 

"Are you," asked Smithy, interested, 
"keeping these Data Sheets on file?" 

"Oh definitely," replied Dick. "I'm 
cutting them out and making them up 
into a book, complete with index." 

"Very good," commended Smithy, 
impressed by this spare-time activity on 
the part of his assistant. 

"The Data Sheet that intrigued me 
most," continued Dick, "was the one 
which gave decimal to binary con- 
versions. It appeared in the last Nov- 
ember issue." 

"Binary numbers," commented 
Smithy, "shouldn't be a particularly 
FEBRUARY 1969 

44 

308 
44 
748 

Smithy's last incursion into the field of binary 
numbers (in the March 1967 issue) resulted in a 
number of appreciative comments from readers. 
This month Smithy returns to the subject and 
demonstrates to his able assistant, Dick, some of the 
many neat mathematical tricks that can be carried 
out with the aid of this simple notation. (Newcomers 
to binary may find that the information given in Data 
Sheet No. 1 &—published in the last November issue— 

will be helpful here) 

new thing so far as you are concerned. 
We've talked about them already in 
the past." 

T know we have," said Dick, "but the 
binary numbers we talked about were 
all whole numbers greater than one. 
Some of the binary numbers given in 
the November Data Sheet were equival- 
ents of decimal fractions! And I just don't 
understand how it's possible to have 
fractions expressed in terms of binary 
numbers." 

Smithy chuckled. 
"I can see," he said, "that you haven't 

got this binary number business fully 
buttoned up yet. Well, there's plenty of 
time left before we start work again so, 
if you fee! like, we can have a further 
gen-session on them right here and now." 

"That would be smashing," said Dick 
promptly. "Anything I can learn about 
binary numbers is bound to be of 
advantage to me at some time. After ail, 
Smithy, we might be servicing computers 
in this Workshop ourselves one of these 
days!" 

"Do you know," replied Smithy, "I 
don't think that that remark is as 
fanciful as it might at first appear to be." 

The Serviceman fell into a thoughtful 
silence for some moments. Suddenly his 
expression lightened, 

"I was just pondering," he announced, 
"on what would be the most interesting 

Fig. 7. A simple multiplication 
problem calculated in normal 

manner 
way of giving you some further gen on 
binary numbers; and I've had a little 
brain-wave which should not only help 
in explaining the binary equivalents of 
fractions but which will also give you 
some insight into binary multiplication 
as employed in computers as well." 

"That," remarked Dick appreciatively, 
"sounds as though it will be just the job!" 

"Right," said Smithy briskly. "Well, 
I'm going to start off first by asking you 
to do a straightforward multiplication 
using two decimal numbers. Any two 
numbers picked at random will do, so 
let's say they're 44 and 17. Now, Dick, 
get your pen out and multiply 44 by 17 
in the way you would normally do this 
calculr don, using standard decimal pro- 
cedure." 

Obligingly. Dick pulled his note-pad 
towards him. He very soon had the 
calculation completed. (Fig. 1). 

"The answer," he called out, "is 748." 

44 1 7 44 17 
22 34 22 34 

1 1 68 1 1   68 68 
5 1 36 5   136 136 
2 272 2 272 

1 544 1   544 544 
748 

(a) (b) 

Fig. 2. An alternative method of finding the product of two numbers. 
In (a) one number is continually halved (ignoring remainders) and the 
other continually doubled. In (b) the right hand numbers alongside 

odd left hand numbers are added together to give the product 
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"Good," replied Smithy. "Our next 
step is to do that multiplication in an 
entirely different way. Start a new sheet 
in your note-pad and write the numbers 
44 and 17 side by side at the top. Then 
continually divide the 44 by 2 until you 
get down to 1. Write each number in a 
column going downwards." (Fig. 2(a)). 

"Okey doke," said Dick obligingly. 
"Well, the first number is 22 and the 
second is 11. Hang on a minute, though. 
The third number is 5 with a remainder 
of 1. What do I do about the remainder?" 

"Forget it," replied Smithy. "Just put 
down the 5. The same applies for the 
following division by 2. 5 divided by 2 is 
2 with a remainder of 1. Simply ignore 
the remainder and put down the 2." 

"Righty-ho," said Dick cheerfully. 
"Well, that brings me down to 1 at the 
bottom of the column," 

"Excellent," approved Smithy. "You 
next need a matching column of numbers 
underneath the 17. Only, this time, you 
multiply by 2 each time, with the result 
that the number immediately under the 
17 is 34, the next one down is 68, and so 
on. Got it?" 

"Sure," replied Dick. "I'll get this little 
lot done in no time." 

Dick soon had his second column of 
figures written out. 

"Now," said Smithy, "go down the 
column under the 44 looking for odd 
numbers. Whenever you encounter an 
odd number, put down the correspond- 
ing figure from the column under the 17 
into a third column on the right." 

"As you like," said Dick in a puzzled 
tone. "Well now, the first odd number on 
the left is 11." 

"What's the corresponding number 
under the 17?" 

"68." 
"Then put 68 in the new third column 

you're making up." 
"I don't understand this at all," 

complained Dick. "However, I'll do it 
just to see what happens! The number 
under 11 is 5, and that's odd, too, so I'll 
put the corresponding 136 in the third 
column. The only other odd number on 
the left is the 1 at the bottom and this 
corresponds to 544, So that goes over, 
too." (Fig. 2(b)). 

"What," asked Smithy, "have you 
now got in the third column?" 

"68," replied Dick, "136 and 544." 
"Add them up." 
There was silence for a few seconds as 

Dick totted up the figures. 
"Blimey, Smithy," he gasped, "it's 

748! That's the same answer that I got 
when I multiplied 17 by 44 directly." 

"Exactly," grinned Smithy. "And you 
can use that system of multiplication for 
any two decimal numbers. Make up two 
columns under the numbers, dividing 
each time by 2 as you go down the left 
hand column and multiplying each time 
by 2 as you go down the right hand 
column. Then, add together all the right 
hand numbers corresponding to odd 

17 — 44 44 
8 88 
4 176 
2 352 

1 — 704 704 
748 

Fig. 3. If the process in Fig. 2 
is repeated with the two 
original numbers transposed, 
the same answer is still given 

numbers on the left and you get the 
product of the two original numbers." 

"Gosh," exclaimed Dick, "this is 
something entirely new to me. What 
would happen if I repeated the process 
with the 17 on the left and the 44 on the 
right?" 

"Try it." 
Eagerly, Dick carried out the pro- 

cedure once more, this time with the 17 
on the left and the 44 on the right. 
(Fig. 3). 

"There's only two odd numbers on the 
left," he announced, "and they're the 17 
at the top and the 1 on the bottom. Which 
means that I add up the corresponding 
44 and 704. Corluvaduk—that's 748 
again!" 

BASE OF 2 
Dick gazed at the Serviceman with a 

new respect. 
"How on earth," he asked, "does this 

multiplication system work?" 
"I can't answer that one yet," replied 

Smithy, "except by saying that you're 
multiplying decimal numbers with the 
aid of a binary technique. You'll under- 
stand it soon enough, though, after I've 
gone through the remainder of the stuff 
on binary I'm going to talk about today." 

"I call that a bit of a dirty trick," said 
Dick, indignantly. "You've got me well 
and truly hooked now. I've got to stay 
with you to the end, if only to satisfy my 
curiosity over that multiplication pro- 
cess!" 

"I'm glad," said Smithy equably, 
"that I've got your undivided attention. 
Well, we've had a session in the past 
about binary numbers, and I hardly need 
to remind you that, whereas the base is 
10 with decimal notation, with binary 
notation the base is 2." 

"Yes, I know all that," replied Dick, 
a little impatiently. "The numbers in 
binary going up from zero are 0, 1, 10. 
11, 100 and so on. Since you can't go 
higher than a 1 in binary, the next 
number above 1 is 10, this being followed 
by 11 which, in turn, is followed by 100." 

"You've got it," commented Smithy. 
"If you work from the right and check 
the 1's, you can easily change a binary 
number into decimal because each 1 
stands for a decimal number in the series 
1, 2, 4, 8, 16 and so on. Thus, 110101 in 

binary is equal, in decimal, to 1, no 2, 
a 4, no 8, a 16 and a 32 which adds up 
to 53." 

"I understand that, too," said Dick, 
the edge of impatience in his voice 
sharpening. 

"Then," commented Smithy urbanely, 
"you will be in a position to make up a 
little table having decimal numbers on 
the left and binary equivalents on the 
right. JustfromOto 10 will be adequate." 

Irritably, Dick carried out Smithy's 
bidding. (Fig. 4). 

"Now," continued Smithy as Dick's 
pen came to rest after completing the 
table, "what do you do if, in decimal, 
you multiply a number by 10?" 

"Well," said Dick, a little confused by 
Smithy's sudden change from binary to 
decimal, "you bung a nought on the end 
of it." 

"Could you," asked Smithy, "be a 
wee bit more precise? Say you had the 
original number displayed on one of 
those little electro-magnetic counters 
which register any number from 0000 to 
9999. Rather like the mileometer in a 
car. How would you multiply by 10 
then?" 

"You'd still," said Dick frowning, 
"bung in a nought at the right hand end. 
Wait a minute, though, I'm beginning to 
see what you're driving at. You couldn't 
bung in a nought at the right hand end 
just like that because there wouldn't be 
room for it. You'd have to move the 
original number over to the left and 
then put the nought in." 

"That's the idea," said Smithy approv- 
ingly. "That's exactly what you would 
do. In other words, you shift the number 
one place over to the left, and then insert 
the nought. Now, take any number, 
say 243, and multiply it by 10 in the way 
they first taught you to do it at school." 

Obligingly, Dick carried out the simple 
calculation on his note-pad. (Fig. 5(a)), 

Do you see what I mean?" queried 
Smithy, rising and looking over Dick's 

DECIMAL BINARY 

O 0 
1 1 

2 
I 

IO 
3 1 1 
4 1 oo 
5 1 O 1 
6 1 IO 
7 1 1 1 
8 1 ooo 
9 IOO 1 

IO IO 1 O 

Fig. 4. A table showing binary 
equivalents of decimal 

numbers from zero to 10 
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shoulder. "What you've really done is 
to shift the original number one place to 
the left and then inserted a nought at the 
right hand end." 

"I can see that now," admitted Dick, 
"but I'm not at all certain what the 
outcome of all this is going to be." 

"Think about that electro-magnetic 
counter," replied Smithy. "Now, when 
you multiply any number it displays by 
10, you have to shift it one place to the 
left in order to obtain the mechanical 
space needed for the insertion of the 
nought. This is a limitation imposed by 
mechanical space in the counter. With 
numbers written down on paper there 
is no mechanical space limitation, but 
there is still a limitation which makes it 
necessary to shift the number one place 
to the left. And that limitation is the 
decimal point." 

"Decimal point?" queried Dick. 
"What decimal point? Blimey, Smithy, 
I haven't as much as even written a 
decimal point yet!" 

"Nevertheless," persisted Smithy, 
"the presence of a decimal point was 
understood in all the decimal numbers 
you've written down up to now and it 
exists after the last right hand digit. 
There was no need to actually put in a 
decimal point with the numbers we've 
been dealing with so far but it's still 
automatically assumed to be there. When 
you multiply a decimal number by 10 
you shift the number one place to the 
left away from the decimal point, and 
you then insert the nought." 

"Fair enough," said Dick carelessly, 
"but what's all this got to do with 
binary numbers?" 

"You'll find out in a moment," Smithy 
promised him. "Now, as you've just 
gathered, when you multiply a decimal 
number by 10 you shift the number one 
place to the left and insert a nought at 
the right hand end. Now, that's because 
the base in decimal is 10. The base in 
binary is 2, which means that when you 
multiply a binary number by 2 you 
similarly shift it one place to the left and 
insert a nought at the right hand end. 
Blow me, that's a rough old set of 
fillings you've got in those bottom teeth 
of yours!" 

Dick slowly closed the sagging jaw 
which had fallen open during Smithy's 
reference to multiplication by 2 in 
binary. 

"Gosh, Smithy," he gasped. "You 
don't half spring these things on me! 
I'd never even realised before that you 
add an extra nought in binary when you 
multiply by 2. Let's have a look at that 
table I made up. Blimey, it's true in 
every case! The binary for 2 is the same 
as that for I with an additional nought 
at the right, and the same applies to the 
binary equivalents for 2 and 4, 3 and 
6, 4 and 8, and 5 and 10. This is one of 
those things that's dead obvious, but 
only after somebody's pointed it out 
to you 1" 
FEBRUARY 1969 

"We live and learn," chuckled Smithy, 
"Anyway, let's get back to decimal 
again. What happens if, next, we divide 
a decimal number by 10? Say, for in- 
stance, that the number is the 2430 you 
wrote down just now." 

"We lop off the right hand nought," 
replied Dick promptly, "and shift what's 
left over to the right, whereupon it 
becomes 243." (Fig. 5(b)). 

"And," added Smithy gently, "if we 
divide that number by 10?" 

"Well," said Dick thoughtfully, 
"There's no nought at the end to lop 
off, but we should still shift it one 
place to the right." 

"And how do we do that?" 
"By inserting the decimal point." 
"Precisely," said Smithy triumphantly. 

"That all-important decimal point! If 
we'd divided the particular number I 
chose, it would become 24-3. In binary 
there's exactly the same sort of point as 
well, the only difference being that it's 
called the binary point instead of the 
decimal point. We've already established 
that if we multiply a binary number by 
2 we shift it one place over to the left, 
just as we do, with 10, in decimal. If, 
conversely, we divide a binary number 
by 2 we shift it one place to the right. 
Again, just as in decimal. Also, and once 
more following what happens in decimal, 
if the number we're dividing doesn't end 
in a nought, we have to shift the digit at 
the right hand end par/ the point." 

"This sounds intriguing," said Dick, 
"Go on, Smithy!" 

"Let's say," continued Smithy, "that 
we are going to continually divide binary 
10 by 2 (Fig. 5(c)), Our first division 
shifts the 1 one place to the right, giving 
us binary 1. The next division by 2 must 
then take it past the binary point giving 
us O-l. The next division by 2 makes it 
0-01, the next again makes it 0-001, and 
so on." 

"Why, you cunning old devil," ex- 
claimed Dick inelegantly. "You've done 
it again! Without my even realising that 
you were leading up to it you've just ex- 
plained these binary equivalents for 
decimal fractions which I said at the 
beginning were puzzling me so much. 
Why, it's as clear as anything now! The 
binary equivalent of 4 must be 0-1. and 
the binary equivalent of4 must be 0-01, 
and so on." 

MULTIPLICATION 
"I'm so glad." grinned Smithy, "that 

I've sorted out that little matter for you," 
"There's still," replied Dick quickly, 

"something else outstanding. You 
haven't yet explained the mystery of that 
peculiar method of multiplication using 
two columns." 

"I'll get round to it before we finish." 
said Smithy. "But, before that, we must 
tackle a spot of binary multiplication as 
it could be done by a computer. We'll 
start off with a nice simple problem, 
which you can do quite easily yourself. 

Multiply together, in normal fashion, 
the binary numbers 1001 and 1001011." 

Dick started a new sheet of his note- 
pad and settled down to the calculation. 
(Fig. 6(a)), 

"Here we are," he announced proudly, 
after several moments, "how's this?" 

Smithy examined Dick's calculations. 
"That's perfectly correct," he re- 

marked, "and, of course, you use the 
same procedure as applies in a similar 
type of decimal multiplication. I see that 
you've had to add a couple of 1 's together 
several times, whereupon you've quite 
rightly put a nought and carried 1. If you 
look at that multiplication a little more 
closely you'll see that it has been a very 
simple one to carry out because all you've 
actually done is to copy the top number— 
whose correct name, by the way, is the 
'multiplicand'—whenever the appropri- 
ate multiplier digit is a 1. At the same 
time you've done nothing when the 
multiplier digit is a nought. Let me have 
your note-pad for a moment," 

Dick handed Smithy the pad. 
"Right," said that gentleman, taking 

out his own pen, "let's modify that cal- 
culation so that it shows a simplified 
manner in which a computer could tackle 
it. The only bit of new gen I have to give 
you here is that it is a relatively easy task 
for a digital computer to shift all the 
digits of a binary number one place to 
the left or to the right. This having been 
said, an imaginary computer would 
tackle that multiplication of yours in the 
following way. It works in steps. In the 

243 
iO 

2430 

(a) 

1 0)2 430 
0)24 3 

24-3 

(b) 

Binary Decimal 
2)1 O IO 2 
2I_L i 1 
2) O- 1 O-l ll2 
2) O-O 1 O-O 1 'M 

OOO 1 O-OO 1 !/8 
(c) 

Fig. 5 fa). Multiplying a deci- 
mal number by 10 

(b). Continually dividing a 
decimal number by 10 

(c). Continually dividing a 
binary number by 2 
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first step it examines the right hand end 
digit in the multiplier, in the second step 
it examines the next digit to the left and 
so on. If the right hand end digit in the 
multiplier is a 1. the computer copies the 
multiplicand after which it shifts it one 
place to the left. If the end digit in the 
multiplier is a nought, it does not copy 
but merely shifts. In your calculation the 
end right band digit in the multiplier is a 
1. so the computer copies then shifts. The 
next digit in your multiplier is also a 1, so 
the computer again copies, then shifts. 
The next digit along is a nought, so the 
computer does not copy before it shifts. 
After that the next digit is a 1, so the 
computer copies and then shifts. And so 
the process goes on. I've written the 
sequence of events for each line, along- 
side the partial products." (Fig. 6(b)). 

"The partial whal's-it'sT1 

"The partial products," repeated 
Smithy. "This is the name given to the 
lines of digits between the multiplier and 
the answer." 

"The process you've just described," 
stated Dick critically, "is pretty well the 
the same that I did myself. It's just that 
the individual steps are described dif- 
ferently." 

"True enough," agreed Smithy. "Ano- 
ther point is that I was giving you a sim- 
plified idea of computer operation. In 

practice it is not very convenient for the 
computer to get all the partial products 
together and then add them all up in one 
go. It's more convenient, instead, for 
each partial product to be added as it 
appears. I'll give you an example to show 
what I mean. I'll use slightly smaller 
numbers this time, so that the example 
won't take up too much space," 

Smithy wrote out the multiplication 
with individual addition of partial pro- 
ducts. (Fig. 6(c)). 

"There you are," he said. "That's an 
easier procedure for a computer to use. 
There is another version of this process 
which can be even more convenient for 
the computer and that consists of keep- 
ing the multiplicand still and shifting the 
multiplier and sum to the right after each 
copy or 'non-copy' operation. The right 
hand end digits of the multiplier are then 
presented in turn to the computer for 
examination, which is what would have 
been needed, incidentally, in the previous 
instance- At the same time, though, the 
right hand end digit in each individual 
simt can be taken off after each shift. 
Once the right hand end digit of each 
sum has been produced it does not alter 
later, and so it can be extracted after each 
addition and used in making up the final 
answer." 

"I see," said Dick thoughtfully. "Of 
course, shifting the sums over to the right 
is really the same as shifting the multipli- 
cand over to the left, isn't it?" 

"Oh yes," confirmed Smithy. "The 
basic idea of shift and copy or 'non-copy' 
remains unaltered." 

"I must say," remarked Dick, "that 
this computer method of multiplication 
seems to be jolly long-winded." 

"It is rather," admitted Smithy. "But. 
then, practically all digital computer 
operations are long-winded when you 
break them down into their basic form. 
What you have to remember is that the 
computer scores because of the speed in 
which it carries these operations out. I 
should mention, incidentally, that the 
methods of multiplication I've just des- 
cribed aren't the only ones which can be 
used by computers. Nevertheless, they 
give you a useful insight into how com- 
puters tackle jobs of this nature. They 
also enable you to see the considerable 
advantages bestowed by carrying out the 
calculations in binary." 

Smithy turned to his bench and scrib- 
bled a few calculations on a comer of the 
top sheet in Dick's note-pad, then tore it 
off. 

"To finish off with," he said, 'I've just 
arranged a little multiplication exercise 
for you to carry out. Using what I had 
best describe as the 'human method' of 
multiplication, in which all the partial 
products are added together at the end 
in one operation, multiply binary 10001 
by binary 101100." 

"Right you are," said Dick obligingly. 
There was silence for a few moments as 

Dick concentrated on the problem. 
"All finished," he called out. 
"Good," said Smithy. "Next work out 

the decimal equivalents for the multipli- 
cand. the multiplier, the partial products 
and the answer, using the progression 
1,2,4,8, and so on in the usual manner. 
This will take you a bit of time because 
some of the decimal figures are pretty 
large, so I'll get myself a spot of tea 
whilst you're working at it." 

Smithy refilled his mug from the 
Workshop teapot then slowly sauntered 
back to his stool. 

"I've got a feeling." said Dick sudden- 
ly, as he struggled with his figures, "that 
you're pulling another one on me here." 

"You finish those calculations." re- 
plied Smithy firmly, as he sipped his tea, 
"before you start to make any wild 
accusations." 

"Dash it," said Dick, putting his pen 
down after writing in his last figure. "It's 
true! You have pulled another one!" 

MYSTERY SOLVED 
Dick pointed with a trembling finger 

to the multiplication with decimal equi- 
valents he had just completed. (Fig. 7). 

"All those decimal numbers," he ex- 
claimed accusingly, 'are exactly the same 
as the numbers in that 44 by 17 multipli- 
cation you started this'session off with!" 

THE RADIO CONSTRUCTOR 

1 OO 1 
IOOI 

1 
O 1 1 
OO 1 

IOO 1 
IOOI 

IOO 1 
1O1O1OOO1 1 

(a) 

IO 1 o 
MOM 

1 OO 1 1 O 1 O-copy 
1OO1O 1 1 1 O 1 O -shin and copy 

1 OO 1- copy 11 11 O-add 
1 OO 1 - shin and copy 1 O 1 O -shift,shift and 

1 OO 1 -shift, shift and copy copy 
MOM 1 O-add 

IOO 1 -shift, shift, shift and 1 O 1 O -shift and copy 
IO1O1OOO11 

copy 1 OOOO 1 1 1 O-add (final 
product) 

(h) (c) 

Fig. 6 (a). A simple multiplication of two binary numbers 
(b). The multiplication process described in computer terms 

(c). Binary multiplication with individual addition of partial products 
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"Of course they are," laughed Smithy. 
"That was the whole object of the 
exercise. What is more, we've now 
proved what 1 said at the time. Which 
was that we were multiplying two deci- 
mal numbers with the aid of binary 
techniques." 

"We may have proved it to your satis- 
faction," retorted Dick. "But I'm darned 
if I can see it myself!" 

"Don't worry about it." replied 
Smithy. "Because I shall now explain 
the whole procedure. I must warn you 
that you'll need to concentrate a bit, 
though, because the steps are a little 
difficult to understand at first. It's help- 
ful, also, to have the binary and decimal 
versions of the calculation side by side 
if you're to follow what happens. You 
also want to bear in mind that, in both 
versions, the 44 is the multiplier and the 
17 is the multiplicand. Now. the first 
thing to remember is that all even 
numbers in decimal end in nought in 
binary, and that all odd numbers in 
decimal end in 1 in binary. You only need 
to look at the table you made up earlier 
to confirm that point." 

Smithy settled himself more comfor- 
tably on his stool, 

"At the top of the decimal version," he 
resumed, "we have the even number 44. 
This corresponds to all the multiplier in 
binary version, and it ends in nought. So. 
to use computer parlance, we do not 
copy the corresponding 17 in the right- 
hand column. We now divide, the 44 by 
2, getting 22, and this is the same as 
shifting the binary equivalent one place 
to the right, for inspection of the next 
right hand end number, The binary 
equivalent thus becomes 10110. It still 
ends in nought so again we do not copy. 
If we had copied, we would have copied 
the multiplicand moved one place to the 
left; that is, multiplied by 2. We next 
arrive at 11 in the decimal version, or 
1011 in the binary version, whereupon 
the decimal is odd and the binary ends 
in 1. So we copy the multiplicand shifted 
two places to the left or multiplied by 4. 
Which is exactly what happens in both 
the binary and decimal versions." 

"I'm beginning to see what goes on 
now," exclaimed Dick suddenly. "The 
next decimal number down is 5. corres- 
ponding to the multiplier shifted again 
to the right. The binary equivalent is 101 

I OOO I   I 7 
I O I I OO   44 

I OOO I OO   6 8 
i OOO I   13 6 

I OOO I    5 44 
IOI I lOI 100   748 

and it again ends in 1. So we copy the 
multiplicand multiplied a further time by 
2 in decimal or shifted a further place to 
to the left in binary," 

"Exactly," confirmed Smithy. "As I 
said, the process is a bit difficult to grasp 
at first but, once you have done so, you 
can feel you've got a really good under- 
standing of the relationship between 
decimal and binary. Returning to the 
decimal version of the 17 times 44 
business, the continual division by 2 of 
the multiplier carries on till you get 
down to the 1 in the left hand decimal 
column, this corresponding to the initial 
left hand 1 in the binary equivalent," 

"There's still one little point that's 
puzzling me." 

"What's that?" 
"When we originally did the decimal 

version," said Dick, "you told me to 
ignore any remainders when I was 
dividing by 2 in the left hand column. 
What happens to those remainders?" 

"Ah," replied Smithy. "Now that can 
be explained with the aid of your newly 
acquired knowledge concerning the bin- 
ary equivalents of decimal fractions. If 
you look at the left hand column of the 
decimal version you'll see, for instance, 
that we divide 5 by 2, whereupon we 
get 2 with a remainder of 1 left over. 
Another way of putting this is to say that 
when we divide 5 by 2 the answer is 2j. 
Now the binary equivalent of 2j is IOI, 
and so our division by 2 has not really 
caused the appearance, of a remainder. 
Anyway, let me sum it .all up. By 
continually dividing by 2 in the left hand 
decimal column and seeing whether the 

I 7 
34 

- 68 68 
136 136 

2 7 2 
544 544 

748 

result is even or odd, we're actually 
sampling the last digit before the binary 
point of the binary equivalent to see 
whether it's a nought or a 1. Any 
remainders that appear in the process 
merely hop over to the other side of the 
binary point to become 0-1!" 

"Phew," said Dick, musingly. "Well, 
you've certainly given me plenty to think 
about today. Wait a minute. Smithy, I 
think I can dream up something which 
should end this session very nicely." 

Smithy looked up sharply, to see that 
his assistant, who occasionally conceived 
some of the most agonising verse ever to 
appear in italics, had assumed the vast 
scow! that betokened the process of 
composition. Recognising the symptoms, 
Smithy prepared for the worst. 

Suddenly Dick's face cleared. 
"Here we are, Smithy," he said exul- 

tantly. "Just listen to this! 
"If ten fingers, not two, were the primary 

Causefor counting to ten, please advise me 
Why an infinitesimal 
Number in decimal 

Needs so many more digits in binary1." 
Dick beamed proudly at Smithy as he 

brought his latest excursion into doggerel 
to an end. And, to his credit, the shudder- 
ing Serviceman did at least manage to 
bestow a thin, albeit wavering, smile of 
encouragement on the youthful com- 
poser. 

Whereupon we must now, after having 
dutifully recorded Dick's closing com- 
ments on the vagaries of decimal and 
binary notation, make our own quick 
departure. A situation which might well 
be described as copy and shift. 

□ 

Fig. 7. Illustrating how the calculation in Fig. 2 (b) (repeated here for 
convenience) is really another way of depicting a binary multiplication 

44 
22 

I I 
5 
2 

AERIAL MAST FOR HEATHFIELD (SUSSEX) BBC-2 

The BBC recently placed an order with Techwork (Structures) Limited, of Southampton, for the 
design, supply and erection of the 480 ft. aerial mast for the Heathfield BBC-2 transmitting station. This 
new station Is now being built half a mile east of Cross in Hand, near Heathfield, 

It is expected that Heathfield will be brought into service towards the end of 1969, on its BBC-2 
channel, 52, with horizontal polarization. Later it will also transmit BBC-1 and ITV programmes on 625 
lines. It will serve some quarter of a million people in East Sussex and parts of Kent. 
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RECENT PUBLICATIONS 

ELECTRONIC COUNTING CIRCUITS. By J. B. Dance, M.Sc., B.Sc. 390 pages, 7ix9|. Published 
by lliffe Books, Ltd. Price 85s. 

This book is intended to cover all the electronic counting circuitry encountered in modern electronic 
equipment and it thereby fills a gap in the literature" which has been evident for many years. It is written, 
in particular, for engineers working in nucleonics, for designers and users of industrial counting equipment, 
and for senior service engineers. A valuable feature is that each chapter after the first, which introduces the 
basic principles employed in counting circuitry, is complete in itself. Thus, information on any specific 
type of counting circuit may be obtained without the necessity of reading preceding chapters. So far as 
technical ability is concerned, all that is required of the reader is that he should have a basic knowledge of 
simple physics and electronics. No previous experience with pulse techniques is needed. 

The main chapters of the book deal with all types of counting circuit, ranging from electro-magnetic 
counter circuits through gas-filled, BIT and beam switching tube circuits, and valve and solid state 
scaling circuits, to ratemeter circuits. Further chapters give details on readout, together with counting 
circuit applications not dealt with under the previous chapter headings. 

There are, throughout the book, 281 clear and detailed diagrams, those which give circuits providing 
component values. There are, also, 8 pages of art plates. Numerous references, an appendix listing valve 
equivalents and a comprehensive index complete the volume, which exhibits the care and attention to 
detail which is always evident in work from Mr. Dance's pen. 

AMATEUR RADIO TECHNIQUES. By J. Pat Hawker, G3VA. 160 pages, 7ix9|. Published by the 
Radio Society of Great Britain. Price 12s. 6d. 

Readers of the R.S.G.B. Bulletin and (under its more recent name) Radio Communication will be 
familiar with the lively "Technical Topics" feature which appears in each issue. This presents interesting 
new ideas, techniques and circuits culled from journals and manufacturers' publications throughout the 
world, and is accompanied by an easy-going commentary by Pat Hawker which both maintains continuity 
and highlights the salient points of each item. 

"Amateur Radio Techniques" provides a selection, from the ten years during which "Technical Topics" 
has been running, of what are considered to be the items of most lasting value in the series. As in the 
journal, the reader is carried easily through the items by G3VA's lucid and eminently readable style. This is a 
second edition, incidentally, the first (published under the title "Technical Topics for the Radio Amateur") 
having appeared in 1965, 

Apart from presenting individual items of interest to the amateur receiving and transmitting enthusiast, 
the book also gives sound basic advice and information on components, including virtually all the semi- 
conductor devices which the amateur is likely to encounter and use. There are over 350 diagrams and the 
subjects covered range from cleaning the panels of old receivers to the use of P-l-N diodes. 

If desired, the book may be obtained direct from R.S.G.B. Headquarters, 35 Doughty Street, London, 
W.C.I, for 13s. 3d. post paid. 

THE PEGASUS BOOK OF RADIO EXPERIMENTS. By F. G. Rayer, A.I.E.R.E., G30GR. 214 pages, 
5x7Jin. Published by Dobson Books, Ltd. Price 16s. 

This book is full of descriptions of simple experiments which may be carried out by the newcomer to 
radio, each experiment being accompanied by explanatory text which describes, at elementary level, its 
purpose and functioning. A noteworthy feature of the book, and one which is to be commended, is that 
the risk of injury by shock is in all cases negligible as there are no experiments which require that con- 
nection be made to the mains supply for power. The author gives quite a few experiments incorporating 
valves, but the valves he employs are 1 *4 volt battery types with h.t. voltage obtained from a dry battery. 

The experiments range from simple electronic circuits up to t.r.f. receivers and small a.f. amplifiers. The 
book contains a great deal of practical common-sense information which will be of especial value to the 
complete beginner, and all points are delivered in a simple economic style with the very minimum of 
mathematics. 
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WORLD RADiO TV HANDBOOK 1969. Edited by J. M Frost 
Published by World Radio-Television Handbook Co. Ltd., Denmark. 
360 pages, including 9 World Charts, 5f x 9in, Price 42s, 

This annual publication has by now become a virtual necessity for 
all those engaged in the reception of worldwide short wave stations. 
Additionally, it is of equal interest to those who range over the medium 
and long waves or who are interested in TV Dx. This latest edition has 
been fully revised and is presented in a new format of handy and 
compact size. 

The Contents are many and varied but some of the more interesting 
are listed here—Broadcasts in English, List of Dx Programmes, Dx 
Clubs of the World, List of Long and Medium Stations of the World, 
List of Stations broadcasting News in English, Predicted Reception 
Conditions for 1969, List of Recorded Music Libraries, Short Wave 
Stations of the World (20 page list), Solar Activity 1969, Standard 
Frequency and Time Signal Stations, World TV, and 9 World Charts 
which are extremely useful to the Dx enthusiast. 

This Handbook is eagerly awaited, year by year, by many enthusiasts 
throughout the world. It has earned a well-deserved reputation for 
accuracy and reliability and is fully up to date when published (Decem- 
ber 1968). The station lists are complete and accurate and form a 
reliable guide for those tuning over the various bands from Long to 
Short and TV frequencies. 

For those interested in short wave reception, this book supplies all 
the information that could possibly be required. Each country is listed 
separately and under such headings, station powers, call signs, 
locations are all listed. Where applicable, the musucal annotation of the 
interval signal is shown. Information on station schedules and if 
verification is by letter or QSL card are all included. 

The present edition is an absolute mine of information and should 
undoubtedly be on the operating desk of ail those interested in radio 
and TV reception. The Handbook is available in this country from the 
Modern Book Co., 19 Praed Street, London, W.2, packing and postage 
charge is 2s. 

VACAT|OW school—AERIALS 
The IEE Electronics Division is organising a vacation school on 

aerials. This will be held at the University of Birmingham from the 7th to 
19th July, 1969. 

It is expected that the school will prove attractive to the younger 
graduate entering the field of aerials whether in research, development 
or application. The course has also been designed as a refresher course 
for the more experienced person and as an introductory course for those 
transferring to aerial work from other disciplines. 

The course will commence with a survey of basic concepts and 
theoretical methods. This will be followed by accounts of recent work 
on: wideband dipoles and frequency-independent aerials: linear, 
circular and planar arrays and beam-scanning: microwave aperture 
aerials and feeds; travelling wave tubes. 

Also, lectures will be arranged on the following topics: synthetic 
aperture techniques; self focusing arrays; within-pulse scanning; 
holography; satellite-communication earth-station aerials. 
- BBC CONVERTER TO BE MARKETED ABROAD 

Television audiences throughout the world can now look forward to 
high quality colour transmissions from America thanks to new British 
electronic equipment developed by the BBC. it was announced 
recently that the BBC has agreed with Rank Precision Industries 
Limited for the British firm to manufacture under licence and market 
abroad the BBC's new Advanced Field-store Television Standards 
Converter. 

The BBC used this equipment for the first time during the Mexico 
Olympics 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 
1 million for colour. 

Your Local Supplier 
LONDON 

Established 1910 

H. L. SMITH 

& CO. LTD. 

Comprehensive stocks of components 
by all leading makers. 

287-9 EDGWARE ROAD 
LONDON W.2 

Tel.- 01-723 5B91 

TELERADIO 
ELECTRONICS 

for Radio Control Devices, Miniature 
components. Special Transistors, 
Circuits and data on boat and 

aircraft control. 
QUOTATIONS GLADLY FOR PARTS USED IN 

MAGAZINE ARTICLES 
(S.A.E. Enquiries REF. D/P) 

325/7 FORE STREET, 
EDMONTON (3719) 

LONDON, N.9. 

THE 

MODERN BOOK CO. 

Largest selection of English and 
American radio and technical books 

in the country, 

19-21 PRAED STREET, 
LONDON, W.2 

Tel: PADdington 4185/2926 

ELECTRONICS 
GALORE! 
in the NEW 

dca CATALOGUE 
Send f/6 now for your copy 

to: DEPT. R/C 
dca ELECTRONICS 

LIMITED 
28 UXBRIDGE ROAD, 

EAUNG, W.5 
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Your Local Supplier 
LONDOM 

ST. HELEN'S RADIO 

Hi-Fi Equipment 
Tape Recorders 
Radio Receivers 

Television 

SPECIALISTS IN RADIO 
& ELECTRONIC TEXTBOOKS 

ST. HELEN'S GARDENS 
LONDON W.10 

Tel: 01-969 3657 

ESSEX 

ELECTRONIC 

COMPONENTS 

Valves, transistors, capacitors, 
transformers, amplifiers, 

tuners, etc.. etc. 

335 GREEN LANE, 
SEVEN KINGS, 

ILFORD, ESSEX. 

Telephone: 599-1826 

MARKET CENTRE 
For Semiconductors 
Prompt, efficient mail order service 
for Mullard, Newmarket, Texas, 
Sinclair. S.T.C., Fairchild Semi- 
conductors^ We also offer a com- 
prehensive selection of miniature 
components for transistor circuitry. 
Catalogue 1 s. 

L.S.T COMPONENTS 
23 New Rd., Brentwood, Essex 

HAMPSHIRE 

BOURNEMI 
LARGEST HI-FI AND 
RADIO COMPONENT 
STORE IN THE SOUTH 

FORRESTERS NATIONAL 
RADIO SUPPLIES LTD. 
70-72 Holdenhurst Road 

Bournemouth 
Telephone 25232 

Ui 

ONE WAY OF GETTING OVER THE 
balance of payments crises which 
continually bedevil us these days 

is to get back to first principles and 
apply an adaptation of Kirchhoff s First 
Law, 

As you all know. Kirchhoffs First 
Law states that when a number of 
current-carrying conductors meet at a 
single point the algebraic sum of the 
currents at that point is zero. Thus, if we 
have five conductors meeting at the 
point, and two of these carry currents 
Ij and I2 towards the point whilst the 
remaining three carry currents I3,14 and 
I5 away from the point, then Ij — I2 
must be equal to I3 - I4 — I5, By 
giving the currents going towards the 
point plus signs and those going away 
from the point minus signs, we can say : 

Ii + I2 —13 —14 — Is 0 

Il+l2T(l3 + l4 + I5) = 0 
Which is just the same as saying 

Ii -i- Ij is equal to I3 — I4 — I5. Actually 
the whole thing is really self-evident 
because all the current flowing to the 
point via one or more conductors must 
inevitably flow away from the point 
via the remaining conductor or con- 
ductors because there's nowhere else 
for it to go. 
MONEY IN MEGACOULOMBS 

Let's now turn to affairs of inter- 
national lolly and assume that the entire 
world changes over to a unit of money 
known as the Coulomb. Since all inter- 
national monetary calculations nowa- 
days seem to be in the staggering 
dimensions of millions of units, the 
practical unit of money we shall use 
will be the Megacoulomb. 

So far so good. Now, every country in 
the world capable of producing anything 
trades with other countries, thereby 
forming a vast complicated network of 
trade where there are linkages between 
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By Recorder 

almost every two individual countries. 
Goods and services travel along these 
linkages in either direction; and in the 
opposite direction flow the Megacoul- 
ombs which pay for those goods and 
services. The rate of flow of Mega- 
coulombs (which can be expressed in 
Megamps) into any one country will 
never, at any single instant, be equal to 
the rate of flow of Megacoulombs out 
of that country. If we refer to the rate 
of flow of Megacoulombs into a country 
as a quantity of positive Megamps and 
the rate of flow of Megacoulombs out of 
a country as a quantity of negative 
Megamps. then every country will ex- 
hibit a monetary condition which, at any 
time, can be expressed in terms of 
positive or negative Megamps. 

I propose that, at any instant in a 
stable system, the algebraic sum of all 
the negative and positive Megamps 
throughout the world is zero. 

If any country exhibits a positive 
Megarap over a lengthy period it accum- 
ulates Megacoulombs whilst, if it con- 
tinually exhibits a negative Megamp 
figure it suffers a deficit of Megacoul- 
ombs. Whilst a country can amass any 
quantity of Megacoulombs. the system 
goes into local instability if a country 
has a marked deficiency of Megacoul- 
ombs. A quantity of Megacoulombs are 
then artificially induced to pass from 
the country with the excess to the 
country with the deficit in order to 
return to stability. 

In practice we don't, of course, use 
Megacoulombs as units of money. But 
we do use monetary units which are 
closely tied to each other by very nearly 
constant rates of exchange, whereupon 
they are not too far removed from the 
Megacoulomb concept. It follows that 
some countries must inevitably exhibit 
what are effectively negative Megamp 
figures at some time or another. And 
we all know that local instability does 
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result if the negative Megamp is main- 
tained for too long a period. 

For long-term stability of the mon- 
etary system it is necessary, of course, 
to avoid showing a negative Megamp 
figure for an excessively long time. And 
I really must apologise for stating the 
obvious fact that a positive Megamp 
figure, indicating Megacoulombs going 
in, is directly proportional to the goods 
and services going out. 

Readers requiring further information 
on world-wide monetary matters, as 
developed from the First Law of the 
good Gustav Kirchhoff, may contact 
me via Paste Restante, Hotel Splendide, 
Zurich. 
THE MIM-KLUDGE 

Electronic engineers working for 
Boeing in the American space 
programme have introduced a delightful 
new term for some of the more 
sophisticated one-off items of electronic 
equipment they use for such purposes 
as resolving detail in the video tapes 
produced by satellites after lunar orbits. 
The term is "kludge" (pronounced 
klooge) and it is defined as "a device 
which is much too complicated to 
explain, and you wouldn't believe it 
anyway." 

Smaller kludges are referred to as 
"mini-kludges," 
LAX LOGGING 

As one of the self-employed of this 
country, it is ray dubious pleasure every 
week to buy my own National Insurance 
stamp from the Post Office, stick it on 
to my own National Insurance card, 
then cancel the darned Ihing by writing 
the date across it. 

After 52 weeks the card is full, 
whereupon I visit the local Social 
Security office, where a girl takes it, 
copies my name, address and National 
Insurance number from it on to a new 
empty card, and then hands the latter 
over to me. After which I collect and 
cancel another 52 stamps and, one year 
later, repeat the process. 

The simple procedure involved in 
transferring the information from the 
old card to the new one rather fascinates 
me, and I sometimes have a wild desire 
to alter the figures in my National 
Insurance number (I's to 7's, 3's to 8's 
and so on) just to see how many new 
cards with the incorrect number I could 
get through before the error was spotted. 

1 mention this because it reminds me 
of the astounding performance of a 
war-time transmitter I heard about when 
I was doing my little bit in the R.A.F. 

Many of the larger R.A.F. camps 
positioned their more powerful R/T 
and W/T transmitters a mile or two 
outside the camp boundary so that 
they were well spaced from the assoc- 
iated receivers. The transmitters were 
pretty reliable (even including the old 
T1087 that had so many relays and 
solenoids clattering around inside it 
that it was known as the "animated 
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meat safe") with the result that the 
airman who found himself posted to 
"Transmitters" was onto a very jammy 
number indeed. 

But some people are never satisfied. 
One of the few duties required at the 
transmitter site in question was that a 
record be kept of all meter readings 
on each transmitter, these to be entered 
every morning in a log book which had 
vertical columns ruled out for them. 
That log may well have been properly 
kept at the beginning, but on days when 
he was feeling particularly lazy the 
airman on duty had fallen into the habit 
of simply copying the previous day's 
readings. Unless checked, bad habits 
tend to worsen, and the eventual out- 
come was that all the log books were 
hastily entered up once a week, with all 
the entries merely copied down the 
column. What made it worse was that 
even these were copied inaccurately 
and such things as losing or acquiring 
a nought tended to occur when the 
log went over to a fresh page. 

Suffice it to say that, when an 
inspecting officer did eventually check 
the log, he was amazed to find, amongst 
other discrepancies, that one perfectly 
serviceable transmitter had, apparently, 
been running for months with an h.t. 
voltage of 18, an m.o. anode current of 
1mA, a p.a, grid current of no less than 
550mA and a p.a. anode current of 
14mA. 

I can conclude by saying that the 
subsequent 252 (the Form Number of an 
RA.F. Charge Sheet) was not inaccu- 
rate! 
DENTAL ELECTRONICS 

Every trade has its own terminology 
and, quite often, a single word has quite 
different meanings in different crafts. 
Thus, a "tap" as conceived by the radio 
engineer, is by no means the same thing 
so far as the metal-worker or, for that 
matter, the plumber, is concerned. As a 
further instance, two other words taken 
at random—"accumulator" and "con- 
denser"—have quite different connota- 
tions for the bookmaker and illicit still 
operator respectively. 

This was brought home to me very 
forcibly one morning a few weeks ago 
when I had occasion to visit the dentist 
for the extraction of four upper teeth 
which had ceased to be allies of mine. 
After the initial local anaesthetic jab 
had taken effect, the dentist picked up 
one of the most fearsome of his pliers 
and asked his assistant: "Have you 
got the receiver ready?" 

I had visions of her switching on a 
little transistor radio so that I would 
be soothed for the next few moments by 
the limmy Young Show, but this was 
not to be. The "receiver" turned out to 
be nothing other than a little enamelled 
dish in which the dentist delicately 
deposited, in turn, each of those four 
old choppers of mine. 

See you next month ! 

Four Local Supplier 

Portable 
Transistor 
Amplifier 
Many uses. Inter- coms, Baby _ 
Alarms, Guitar Practice, Telephone or Record 
Player Amplifier. ONE WATT OUTPUT. Wooden cabinet 
12 x 9 x 4in. Rexine covered 
two tone grey. Four transistors, 7 x 4in. speaker. 
Volume control: Jack socket. Uses PP9 battery. 
Radio Component Specialists 

337, WHITEHORSE ROAD, 
WEST GROYDON, SURREY. 

Phone 01-684-1665 FULL LIST 1/- 

o 

Worth double 
our price 
79/6 
Post 5j6 

SUSSEX 

E. JEFFRIES 

For your new television set, 
tape recorder, transistor radio, 

and hi-fi equipment. 
PHILIPS. ULTRA. INVICTA, DANSETTE, 

MASTERADIO, PERDIO, MARCONf. 
PHILCO, FIDELITY. 

6A Albert Parade, 
Victoria Drive, 

EASTBOURNE SUSSEX 

WORCESTERSHIRE 

Dept. C1, 176 HAGLEY ROAD 

HALESOWEN 
021-S50 3210 WORCS. 

Hi-Fi Equipment 
Transistors and 

Radio Components 
Public Address Amplifiers 

EIRE 

PEATS for PARTS 

ELECTRONIC COMPONENTS 
RADIO & TELEVISION 
For the convenience of IRISH 
enthusiasts we supply: 
The Radio Constructor, 
Data Books and 
Panel-Signs Transfers 
Also a postal service 

Wm. B. PEAT & Co. Ltd. 
28 PARNELL STREET 

DUBLIN 1 
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NEW REVISED EDITION 

*f- 

'*** 

4fMf 

mf 

OPVOOR 

copy ma// 

* AMATEUR PREFIXES 

* AMATEUR CODES 

* LOCAL TIME CONVERSIONS 

* OPERATING TECHNIQUE 

* FREQUENCY/WAVELENGTH 

CONVERSION TABLES 

* POST OFFICE REGULATIONS 

MANY OTHER ESSENTIAL ITEMS 

64 PAGES ONLY 6/- 

Postthiscoupon,togetherwithP.O.for6s.5d.(toincludepostage)toDATAPUBLICATIONS,57IVlAIDAVALE, LON D ON.WJi 

Please send me the New Edition of "THE RADIO AMATEUR OPERATOR 

I enclose cheque/crossed postal order for  

NAME  

ADDRESS  

S HANDBOOK" DATA BOOK No. 6 
I 
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MARCOIMI INSTRUMENTS 
LIMITED 

An English Electric Company 

TEST 

TECH IMICI AIMS 
required to carry out electrical tests and fault- 
finding procedures on a variety of printed circuit 
boards of fairly high complexity. These printed 
circuits form part of our wide range of high quality 
r.f. measuring equipment. 
Technical comprehension to the standard of third 
year City & Guilds Telecommunications is desirable 
although appropriate experience may compensate 
for the lack of formal technical educational quali- 
fications. 
Prospects of advancement and conditions of work 
are good and salaries are attractive. Working hours 
are 38| per week, reducing in 1969 to 37i, 
Some assistance with costs of relocation may be 
given in appropriate cases. 

<%> 

TO iHcuirnT 

Please apply in writing, giving brief 
details including age, experience, 
qualifications and salary to : 
The Recruitment Manager, 
Marconi Instruments Limited, 
Longacres, ST. ALBANS, Herts. 

TRAINEE RADIO TECHNICIANS 
A PROGRESSIVE CAREER IN THE FIELD 

OF RADIO AND ELECTRONICS 

Applications are now invited for an intensive 
training course of 3 years, leading to appoint- 
ment as a fully qualified RADIO TECHNICIAN, 
with further prospects of progression to the 
Telecommunication Technical Officer Class. 

Generous Pay and Contributions while under 
training. 

Candidates must be over 16 and under 21 
years of age as at 8th September, 1969, on 
which date training commences. 

Minimum educational qualifications required 
are passes at G.C.E. 0' Level in English Lan- 
guage, Mathematics and Physics (already held 
or expected to be obtained in the Summer 
1969). Equivalent passes in Scottish or Nor- 
thern Ireland Certificates and C.S.E. Grade I 
passes are also acceptable. 

Closing date for applications 31st March, 
1969. Interviews will be commenced about end 
of April. 

Apply for full details and application form to:- 
The Recruitment Officer (TRT/63), 

Government Communications 
Headquarters, 

Oakley, Priors Road, Cheltenham, Glos., 
GL52 5AJ 

TANK AERIALS 
Collapsible sections. Copper plated. Easily adapted for TX/RX 
use. 5ft 7/6, pp. 2/6. 8ft 12/6, 
pp. 2/6. Bargain offer 5ft and 8ft, 
£1 post free. 

RECTIFIER SALE 
6 to 12 volt, 1-4 amp full wave 
bridge selenium rectifiers. Brand 
new manufacturers surplus 3/6 
each, pp. 1/-. Two for B/6 post 
free. 

RUN YOUR 19 
SET TX/RX FROM 
AC MAINS 
We make a brand new unit ready 
to plug in, complete with full 
leads and connectors. Contained 
in handsome steel cabinet of 
robust construction. Ideal for the 
amateur transmitter. Price only 
£6-10-0. carriage 10/-. 

MINIATURE 
MOVING COIL 
SPEAKERS 
Is" dia. Only 3/6 each, pp, 1/6. 
Two for 8/6 post free. 

MINIATURE 
B.F.O. UNIT 

A miniature fully transistorised 
tunable B.F.O. that will be a 
valuable addition to any receiver. 
A compact unit with single hole 
fixing that will fit anywhere. 
Ideal for all ex-Govt. and com- 
mercial receivers. Complete with 
installation instructions. 49/6 
post free. 

OWE WATT TRANSISTOR AMPS 
For 3-5 ohm speakers. Miniature Brand new and British 
made. 9 volt operation. Only 37/6, p. & p. 2/6. Suitable 7x5in. Moving Coil Loudspeaker in cabinet. Only 17/6, 
p. & p. 2/6. If purchased together deduct 10/-from total. 

m/seA 
rescue 

mns/kc. 

Compact V.H.F. Trans./Rec. Fits in the pocket. Con- sists of Mike/Speaker, amplifier, aerial, transmitter 
1 and receiver. Where made to operate up to 100 miles 1 depending on terrain. Operates from dry batteries. 

Completely self-contained. Cost Govt. over £50 each. 
Regulations state must not be operated in UK so 
please mention "For Dismantling purposes only" 

when ordering. Price £2.10.0 each p. & p. 
10/-. Two sets for £5.0.0. post free. 
Four sets £8, carriage free. Bulk sale of 
10 sets £15, carriage £1. Export enquiries 
invited. 

A 
GENERAL 

ELS 
MMUNICATIONS Listen to the thrills of Air- DAKir^DC/^1 

craft. Pilots and Airports at DMIHLI tiCvrv 
work. Also Civil Depts., Fire and Ambulance services. 
Gas and Electricity Depts. Ideal for receiving 2 metre 
amateurs. Gives super reception within the range of all 
transmissions. A fully transistorised receiver covering 108-160 m/s. VHF broadcast. Robust attractive finished 
metal cabinet size approx. 7"x4"x4". Operates from a 9 
volt internal battery. Fitted internal speaker or head- 
phone output. Available from us at the pre-devaluation 
price of £8.19.6, carriage and insurance 10/6. CW0 or 
COD. 

LOBE SCIENTIFnTTrD 
Dept. R.C., 24 Cawoods Yard 

Mill Street, Marsh Lane, Leeds 9 
Callers welcome for demonstration 

TECHNICAL TRAINING by 

_ _ IN RADIO, TELEVISION 

ICS AND ELECTRONIC 
 ENGINEERING 
First-c/ass opportunities in Radio and Electronics await the I C S trained man. Let I C S train YOU for a well-paid post in this expanding field. 
ICS courses offer the keen, ambitious man the opportunity to acquire, 
quickly and easily, the specialized training so essential to success. 
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 RADIOTELEGRAPHY 
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 1 C S can help YOU in your 
career. Full details of I C S courses in Radio, Television and Electronics 
will be sent to you by return mail. 
MEMBER OF ASSOC. OF BRITISH CORRESPONDENCE COLLEGES. 

INTERNATIONAL CORRESPONDENCE SCHOOLS U 
Dept. 248, Incercext House, Parkgate Road, London, S.W.11. | 

NAME  | 

ADDRESS   | 
Block Capitals Please | 
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SMALL ADVERTISEMENTS 
Use this form for your small advertisement 

To: The Advertisement Manager, Data Publications Ltd., 57 Maida Vale, London, W.9 
Please insert the following advertisement in the issue of THE RADIO CONSTRUCTOR 

16 words at 9d. 

= 12/- 

ALL WORDING 
IN 

BLOCK LETTERS 
PLEASE 

I enclose remittance of being payment at 9d. a word. MINIMUM 12/-. 
Box Number, if required, 2/- extra. 

NAME  
ADDRESS     

Copy to be received four weeks prior to publication. Published on the 1st of every month 

DEI\ICO(CLACTOi\l) LIMITED. 

355-7-9 OLD ROAD, CLACT0I\I-0N-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. 
DTB9 Valve Type Coil Pack Application circuitry . . . . . . 2s. 6d. 
MD.1 Decoder Circuitry for Stereo Reception .. .. .. ..4s. Od. 

All post paid, but please enclose S.A.E. with all other requests in the interests of 
retaining lowest possible prices to actual consumers. 
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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 bond 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.A.H. enquiries. 
—Hamilton Radio, 54 London Road, Bexhill, Sussex. % 

ILLUSTRATED CATALOGUE No. 17, Manufacturers 
Surplus and New Electronic Components including Semi- 
conductors. 3/- Post Free. Arthur Sallis Ltd., 28 Gardner 
Street, Brighton. 

BUILD IT in a DEWBOX robust quality plastic cabinet, 
2 in. x 2-5 in. x any length. S.A.E. for details. D.E.W. Ltd., 
254 Ringwood Road, Ferndown, Dorset. Write now - right 
now. 

RESISTORS. Low noise (0'3 micro V. per V.). .tW 10 % carbon 
film, 2d. each 13/- per 100. Transistor mounting pads |d. 
each. Post and packing plus 5%. Stuart Fyfe (Components). 
11 Rosedene Avenue. Croydon. Surrey. CRO. 3DN. 

D.I.Y. All materials and components for construction of high 
fidelity loudspeaker systems (empty enciosutes. BAF wadd- 
ing. Tygan. Vynair fabric, cross-overs etc.). Many other 
audio accessories and speaker kits. S.A.E. for lists:—P.F. & 
A.R. Helme, Dept. RC. Summerbridge. Harrogate. Yorks. 

BRIGHTEN UP YOUR ADVERTISING! Break the ice with a 
cartoon, "tailor made" for your product. Reasonable 
charges.—Box No. F294. 

UFO DETECTOR CIRCUITS. Data, 10s. (refundable). Para- 
physical Laboratory (UFO Observatory), Downton, Wilts. 

WHY PAY MORE!! PM Loudspeakers, all shapes & sizes. 
Ideal for room to room extensions, car radios, etc. Ex- 
equipment. Tested & Guaranteed, i 0/6d.. 15;6d.. or 23/-. 
Well packed. 4/6d. postage, E. & J. Wild (Loudspeakers), 
Square Street, Ramsbottom, Lanes. 

BOOKS FOR SALE. Alfred Nobel E. Bergengren £1, Radio- 
isotope Laboratory Techniques R. A. Faires, 10s, Atomic 
Medicine Behrens, £1. Medical Radiation Biology Ellinger, 
30s. Physics in Medical Radiology Russ, Clark & Pelc, 7s. 6d. 
Disease & its Conquest Hollis, 7s. 6d. Earth's Envelope T. 
Lobsack, 15s. The Atomic Submarine C. Blair, 7s. 6d. Astro- 
and exploration D. R. Bates, £1. Once round the Sun Story of 
the I.G.Y., Fraser, 10s. Earth Satellite P. Moore, 7s. 6d. 
Frontier to Space E. Burgess, 5s.—Box No. F316. 

WILL ANYBODY DESIGN and make me a telephone answer- 
ing machine for cash? H. Selman. 75 Cranley Drive, Ilford, 
Essex. Telephone VAL 9587. 

"MEDILM WAVE NEWS" Monthly during DX season— 
Details from: K. Brownless, 7 The Avenue, Clifton, York. 

CRYSTAL SET—COMPLETE KIT. Includes all components, 
earphone, case, full instructions. Guaranteed. 26/-. H.A.C. 
Radio. 29 Old Bond Street. London. W.l. 

FOR SALE: 1 cwt. electronic components, chassis, (resistors, 
capacitors, pots. etc.). View London W.2. £3. Buyer collects. 
Telephone: Mr. Fowler, 01-723-9584, 9 a.m. to 6 p.m. 

(continued on page 474) 
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BENUEY ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, The Old Police Station 
LONDON, N..W.1. Gloucester Road 
PRlmrofce 9090 LITTLEHAMPTON, Sussex 

ill orders ro Littlehampton PHONE 6743 ease fo rwar 
5V4G 7/6i EBF89 6/3 5Z4G 6/9; EC92 6/6 6ATS 4/-' ECC81 3/9 6/30L2 12/6 ECC82 4/6 6BW6 12/3IECC83 4/6 6BW7 11/- ECC84 5/6 6F1 8/9: ECC85 5/- 6F23 12/3i ECC88 7/- 6L6GT 7/9 ECC189 9/6 10FI 15/- ECF80 6/6 10P13 12/- ECF82 6/6 20DI 13/- ECF86 9/- 20 Li 13/-1ECH42 9/6 20 P4 18/6iECH81 5/3 30C15 13/6 ECH83 8/- 30C17 12/6 ECH84 7/- 30C18 8/9 ECL80 6/6 30 F5 11/9 ECL82 6/- 30FL1 15/- ECL83 9/- 30FL12 16/- ECL86 8/- 30FL14 12/6 EF22 12/6 30L15 13/9 EF37A 7/- 30L17 13/- EF41 9/- 30P4 12/- EF80 4/6 30P4MR 17/6 EF86 5/3 30P12 13/- EF86 6/- 30P19 12/- EF89 .4/9 30PL1 15/- EF91 3/3 30PL13 15/- EF183 5/9 30PL14 15/- EF184 5/9 AC2PEN 19/6 EH90 6/6 AC2PENDD19/6 EL32 3/6 CL33 18/6 EL33 12/- CY31 7/6 EL41 9/3 DY87 5/9 EL84 4/6 E88CC 12/- EL95 5/- EABC80 6/- EM80 5/9 EAF42 8/3 EM81 6/9 EB91 2/3 EM84 6/- EBC41 8/6 EM 85 11/- EBC81 5/9 EM87 7/8 EBF80 5/9 EY51 6/9 EBF83 8/- EY86 6/- 

EY87 6/- PY82 5/- X41 10/- 
EZ40 7/3 PY83 5/6 AC113 5/- 
EZ80 4/3 PY68 6/3 AC126 2/- 
EZ81 4/6 PY800 6/6 AC127 2/- 
HVR2 8/9 PY801 6/6 AC128 2/- KT88 29/- U19 34/6 AC154 5/- 
KTW62 10/- U25 13/- AC156 4/- 
PABC80 7/3 U26 11/9 AC157 5/- 
PC86 9/6 U33 29/6 AD140 7/6 
PC88 9/6 U35 16/6 AD149 8/- 
PC95 8/3 U37 34/11 AD162 9/- 
PC97 7/9 U45 15/6 AF114 4/- 
PC900 8/3 U191 12/6 AF115 3/- PCC84 6/- U251 16/- AF116 3/- PCC85 6/6 U301 11/- AF117 2/9 
PCC88 9/9 U404 7/6 AF119 3/- 
PCC89 9/6 U801 17/6 AF125 3/6 PCC189 9/6 U4020 6/9 API 27 3/6 
PCF80 6/6 UABC80 5/9 AF13911/- 
PCF82 6/- UBC81 7/- AF180 9/6 
PCF84 8/- UBF80 5/9 AF212 5/- PCF86 8/6 UBF89 6/9 ASY2910/- PCF801 7/- UC92 5/6 BA115 2/8 
PCF802 9/- UCC84 8/- BA129 2/6 
PCL82 7/- UCC85 6/6 BA130 2/- PCL83 8/9 UCF80 8/3 BC107 4/- PCL84 7/6 UCH21 9/- BC108 3/6 PCL85 8/3 UCH42 9/3 BC109 4/3 PCL86 8/3 UCH81 6/6 BCY10 5/- PEN45DD12/- UCL82 7/- BCY12 5/- PFL200 12/- U€L83 9/3 BCY33 5/- PL36 9/6 UF41 9/6 BCY34 4/6 PL81 7/3 UF42 9/- BCY38 5/- PL82 6/6 UF80 6/9 BCY39 4/6 PL83 6/6 UF85 6/9 BFY50 4/- PL84 6/3 UF86 9/- BFY51 4/- PL500 12/- UF89 6/3 BFY52 4/6 PL504 12/6 UL41 9/6 BF163 4/- PL509 28/9 UL84 6/6 BY100 3/6 PL802 15/- UM80 5/- BY126 6/6 
PY32 9/6 UY41 6/9 BY234 4/- 
PY33 9/6 UY85 5/6. BY236 4/- PY81 5/3 VP4B 10/6 BY238 4/- 

BYZ11 5/- BYZ12 5/- BYZ13 5/- OA81 1/9 OA95 1 /9 OA182 2/- OA200 1/- OC22 5/- OC23 5/- OC24 5/- OC25 5/- 0C26 5/- OC28 5/- OC30 5/- OC35 5/- OC36 7/6 OC38 11/6 OC41 10/- OC44 2/- OC45 1/9 OC46 3/- OC70 2/3 OC71 2/- OC72 2/- OC75 2/- OC76 2/6 0077 2/6 OC78 3/- OC78D 3/- 0081 21- 0081 D 2/- 0082 2/3 0083 2/- 0084 3/- 00123 4/6 00169 3/6 00170 2/6 00171 3/4 00172 4/- 00200 4/4 00202 4/6 00203 4/6 00205 7/6 
Terms of business: Cash with order only. No C.O.D. Post/Packing 6d. per item. 
Orders over £5 post free. All orders despatched same day as received. Com- plete catalogue including transistor section and components with terms of 
business 10d. Any parcel insured against damage in transit for 6d. extra,  Business hours 9 a.m.-5.30 p.m. Saturdays 9 a.m.-1 p.m.  

F R E 
E TO AliiBITIOUS ENGINEERS -THE LATEST EDITION OF ENGINEER)NC OPPORTUNITIES 

Have you sent for your copy ? 
ENGINEERING OPPORTUNITIES is a highly informative 132 page guide 
to the best paid engineering posts. It tells you how you can quickly prepare 
at home for 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. and 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 reading this 
famous book, if you are earning less than £30 a week send for your copy of 
"ENGINEERING OPPORTUNITIES" today - FREE. 
Practical Equipment including Tools 
The specialist Electronics Division of B.i.E.T. NOW offers you a real 
laboratory training at home with practical equipment. 
Basic Practice and Theoretical Courses for beginners in Radio, T.V.*; 
Electronics, etc. Ask for details. 
Which is your pet subject 
A.M.l.E.R.E. City & Guilds □ Radio Amateur's Exam. □ R.T.E.B. Certificate 
P.M.G. Certificate □ Practical Radio □ Radio & Television Servicing □ 
Practical Electronics □ Electronics Engineering □ Automation 
The B.I.E.T. is the leading institute of its kind in the world. 
r- — ■— — — — — — — — - 
I Please send Free Books British Institute of 
| and Fun information Engineering Technology 

NAME  
ADDRESS.. 

oi 1 i Subject 
of Interest  Age  

ALDERIV1AST0N COURT, Dept. 480D. Aldermaston, Berks. I 
.    1 
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NEW STYLE 

SELF-BINDER 

»» 
for "The Radio Constructor 

The "CORdLx" 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 wiil always remain taut and 
strong, it is impossible to overstretch 
the springs, as a safety check-device is 
fitted to each. 

a m 

S-fe-v 

*iiPSf - 

I 

PRICE 14'- 
Postage 1/6 

Available only from:— 

Data Publications ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
conti/nwil from pogc 473 

FOR SALE: Several sets of Ex. Gov. moving iron headphones, 
brand new, 10/- inc. post. Quantities of miniature printed 
circuit electrolytics, 5, 10, 30, 50, lOOpF at 3 to 15 volt, 
lOd. each. Miniature I.F. & osc. coils, transistor, 2/- each. 
3 in. SO speakers 6/6d, All post extra. Other items for dis- 
posal. Enquiries: Felton, 32 Bragg Road, Perry Barr, 
Birmingham. 

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. 

5 TON FACTORY CLEARANCE. Radio, TV., elec. 
:components in 27s. 6d. mixed parcels. Post free. Example: 
resistors, condensers, pots, speakers, coax, coils, fibre 
washers, valves, over a dozen different types, tuning knobs, 
grommets, sleeving, IFS, Paxalin, wire, rectifiers. Lots of 
other items. Pot Luck. Postal orders to: P. L. Newton, 16 
Shallcross Crescent, Hatfield, Herts. 

COILS WOUND TO YOUR SPECIFICATION. Also trans- 
formers, toroids, etc. Reasonable cost. For full details please 
send s.a.e. to: Green Electronics, "Templecombe", Cleveland 
Road, Worcester Park, Surrey. 

JOIN THE INTERNATIONAL S.W. LEAGUE. Free Services 
to members including Q.S.L. Bureau. Amateur and Broad- 
cast Translation. Technical and Identification 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. Membership 
including monthly magazine, etc. 35s. per annum.—Secretary, 
ISWL, 60 White Street, Derby. 

FOR SALE: MORSE OSCILLATOR SET. Transistorised, 
type D, key, on base 8j in. x Oj in., with headphones. £3. 
Box No. F347. 

BOOK BARGAINS TO CLEAR. "The Story of Atomic 
Energy", Soddy. 12/6d. "Invitation to Ski-ing", Iselin and 
Spectorsky, 20/—. "The Upper Atmosphere", Massey and 
Boyd, 50/-. "Outlook"—simple weather forecasting, White 
7/6d. "The Book about Weather". Mee, 7/6d. Box No. F348. 

POSTAL ADVERTISING? This is the Holbora Service. 
Mailing lists, addressing, enclosing, wrappering, facsimile 
letters, automatic typing, copy service campaign planning, 
design 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.I. Telephone: 01^107-1495. 

WORLD DX CLUB covers all aspects of SWLing on Amateur 
and Broadcast Bands through its monthly bulletin "Contact". 
Membership costs 25s. a year. Enquiries to Secretary, 
WDXC, 17 Taunton Road, Bridgwater. Somerset. 

FOR SALE. Golay Lever Escapement Navigation watch, with 
external, rotatable, navigation ring, graduated to 360°. In 
wooden case, 4 in. x 3j in. x 2 j in. £10. Box No. F350. 

TECHNICAL DRAWINGS, Artwork, etc. Electronic and 
Radio Circuits a speciality. Moderate charges.—B. P. 
Meaney, 43 Forest Road, Worthing, Sussex. 

(Continued on page 475) 
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SMALL ADVERTISEMENTS 
coniiniii-J Imm page 4 74 

TO CLEAR. 3000V d.c. O.SjiF capacitors. 25in. x Ijin. x 6in. 
with porcelain insulators, 3/6d. each. 88Htoroid coils, new, 

wax covered, 5/- each. Heathkit Balun Coil set, B-1U, 
assembled, £5. "Ful-Fi" pick-up, mono crystal cartridge, 
assembled, £5. Box No. F352. 

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. 

VALVES FOR SALE TO CLEAR. Early radio valves, would 
suit collector. LS5, P625, DE5, DEL610, Cossor 41MP, 
HP4106. H L610. HL8, ACS2/PEN, Mullard TDD4, IW4/350. 
All at 3/6d. each. Wartime types: VT62, U14, 6B4G, VT136, 
CV1075, 801-A, VR91. All at 2/6d. each. EF40, EL91, EB91, 
DL92, DK81. 3ML, IS5, 6AG5. All at 5/- each. 5B/254M, 
10/-. Box No. F355. 

RECITALS OF RECORDED iML'SIC. The second Saturday 
evening of each winter month. Next recital: February 8th. 
1969, 8 p.m. Woodford Green United Free Church, Wood- 
ford Green, Essex. Bus routes 20, 20A, 38A and 179—alight 
at "The Castle" stop. 

FOR SALE: 88mH toroid coils, 5/- each. Cover for Siemens 
Teleprinter, 50/-. Ink rollers for Creed type 3 teleprinter, 5/- 
per bottle. EMI Fisk Solariscope, 7/6d. Prices include p. & p. 
Box No. F356. 

FOR SALE; The Radio Constructor. January 1954 to February 
1968, most as new, all indexed. Half price, minimum one 
volume. Box No. F357. 

FOR SALE; WOBBULATOR, type 36A, plus circuit and 
instructions. Working order. only£8. post free. Box No. F358. 

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

FOR SALE: 100 transistors. £2 10/-. Details from Box No. 
F359. 

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 features, numbered wallet-sized 
membership cards and gold 8jin. by llin. 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. 

SITUATIONS VACANT 

We have Vacancies for Four 
Experienced Test Engineers in our 
Production Test Department. Appli- 
cants are preferred who have 
Experience of Fault Finding and 

Testing of Mobile VHF and UHF Mobile 
Equipment.Excellent Opportunities for pro motion 
due to Expansion Programme, 
Please apply to Personnel Manager, 
Rye Telecommunications Ltd., 
Cambridge Works, Haig Road, Cambridge. 
Tel. CarQibridge 51351, Extn, 327. 

PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 
(max. format 7L" x 94") 

i ^ ' % : 

U :; I 

• '\M oi 
A. je, w v 

j 

: 11 

is.     : :■■■■. 

The "CORDEX" Patent Self-Binding Case 
will keep your copies in mint condition. 
Issues can be inserted or removed with 
the greatest of ease. 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 PER- 
MANENT 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. 

COLOURS : MAROON OR GREEN 
(Please state choice) 

PRICE 13f6 Postage l/6 

Available only from;— 

Data Publicatims Ltd. 

57 Maida Vale London W9 
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CHASSIS 
and 

CASES by 

H.L SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

A o rr O ALUMINIUM, to SILVER HAMMERED FINISH 
Type Size N 8x6x2"* 

N 6x6x3" N 4x4x2" 
U 4x4x4" 
U 5 j x 4^- x 4j 
U 8x6x6" U 9i x x 3i" 24/- U 15x9x9" 49/- 
W 8 x 6 x 6" 23/- 

Price 
18/- 17/6 
11/- 11/- 
17/- 
23/- 

Type Size 
W 12x7x7" W 15x9x8" 

x 6 x 6' 12x7x7" 
13x7x9" 15x9x7" 
17x10x9" 
19x10x8^" 78/- *Height Type N has removable bottom, Type U removabl' bottom or back. Type W removable front, Type Y all screwed construction, Type Z removable back and front. 

Typ 
Price Type Y 37/6 
48/6 Type 

W 
Type Z 

BliP 
29/ 
45/- Type U 50/6 53/6 
72/6 

BLANK CHASSIS—Same day Service 
Of over 20 different forms made up to YOUR SIZE. (Maximum length 35". depth 5".) 
SEND FOR ILLUSTRATED LEAFLETS or order 
straight away, working out total area of material re- quired (including waste) and referring to table below 
which is for four-sided chassis in 16 s.w.g. aluminium. 
48 sq.m. 5/- 176 sq. in. 10/4 304 sq. in. 15/8 
80sq.in. 6/4 208 sq. in. 11/8 336 sq. in. 17/- 112sq. in. 7/9 240 sq. in. 13/- 368 sq. in. 18/4 

144sq. in. 9/- 272 sq. in. 14/4 and pro rata 
P. & P. 3/- P. & P. 3/6 P. & P. 4/6 

Discounts for quantities. More than 20 different 
sizes kept in stock for callers. 

FLANGES U" or f ). 6d. per bend. 
STRENGTHENED CORNERS, 1/- each corner. PANELS 
Any size up to 3ft at 6/- sq. ft. 16 s.w.g. (18 s.w.g. 5/3). Plus postage and packing 

BARGAIN LIST 
Transistors; OC70, OC71, OC72, OC81 d, OC45, OC170, 0C171, at 2/- 
each. AP114, AF115, AP116, AP117, at 2/6 each. OC140, BSY26, BYZ12, BY216, at 3/- each. Metal Rectifiers, 12v 1 amp contact cooled 
TCC 3/9 each. Metal Rectifiers, 12v 2 amp 3/6 each. TV Metal Rectifiers 250v 200mA 4/6 each. Edgewise Volume Controls, 5k Jap Replacement 
3/6. Panel Meters, New, Square Clear Plastic front, 1-65x1 -65in. 0-1 mA £1. Toggel Switches, spst 2/-, dpdt3/- each. New Resistance small 
J watt 3d. each, ail values. Transformers—Subminiature, output 3 ohm for OC72 etc. at 2/6 each. Transformers—-Subminiature Driver for above 
2/6. Jack Plugs 3-5mm 1/6 each. Pax Panels 6x4in lOd each. Small Electrolytic Condensers: 50mf 50vw 1/6. 25mf 25vw 1/-. Jin Iron Dust .cores 4d doz. Miniature Slide switches 1/6 each. Jack Plugs 
Standard at 2/- each. Jack Socket Standard at 1/6 each. Volume Controls 
Less switch-Long Spindle 5k-10k-25k-100k-1 meg all at 3/- each. 
Volume Controls DP switch Long Spindle at 5/- each. Miniature Electro 
lytics, 8mf-10mf-30mf-50mf-1 OOmf 15v/w at 1/- each. 50mf lOv/w at 9d each. Miniature Volume Controls 5k with switch, Jap Replacements 
Short Spindle at 4/- each. Rotary Switches 4p-3 way. Long Spindle 1 P-4 way, 1 P-12 way at 4/- each. Mail Order Only P. & P. 1/-. SAE for List 

HALSE SERVICES, 
36 Gloucester Road, Feltham, Middlesex. 

■!im!lHIIKttriiafilHI«!LK 
Makes fantastic difference to Panels' so say 
hundreds of enthusiastic users. Crackle' pattern appears like magic. Dries hard glossy finish. Scratch-proof, resists heat and liquid. Simply brush-on. No undercoat. Air 
dries 15 tnins. I.t. & Ck. Blue; Bronze; Silver; Green; Black. Send for details or send 8/- (plus l/Shpost.) for Jpt. Trial Tin, colour samples and instructions. FINNIGAN SPECIALITY PAINT MANUFACTURERS, 
DEPT. RC, ST0CKSFIELD, NORTHUMBERLAND. Tel. 2280. 

BRUSH 
OR SPRAY ON QUICK DRYING 

m 

WANTED 
Contact springs as shown ' 

BEST PRICES PAID „ 
S.a.e. to "Lanco"^ 76 Sedgemoor Road, 

Willenhall, Coventry, Warwickshire 

BOUND VOLUME N0.21 k FOR YOUR LIBRARY 

of "The Radio Constructor" 

AUGUST 1967to JULY 1968- ♦ PRICE 35 -Postage 4'6 

Comprising 792 pages plus index 

Special discount of 10/- for regular readers 

As a further service to regular readers, it is no longer necessary to return the complete issues 
making up a volume, to qualify for the special discount. 

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 old copies for workbench use, while having a splendid 
bound volume containing issues in mint condition. 

PRICE 25/- Postage 4/6 

Limited Number of Volume 20 (August 1966-July 1967) still available. Price; 32/6, postage 4/6. 

Available only from: 

DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W9 
 1    
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THE RADIO CONSTRUCTOR 
Price 3/- each, postage 6d. 
Annual Subscription 42/-, post free. 
Bound Volumes Vol. 20 August 1966 to July 1967 32/6, postage 4/6. 

Vol. 21 August 1967 to July 1968 35/-, postage 4/6. 
Cordex Self-Binders With title "The Radio Constructor" on spine, 

maroon, 14/-,. postage 1/6. 
With no title on spine, maroon or green, 13/6, 
postage 1/6. 

DATA BOOK SERIES 

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

DB6 THE RADIO 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, 

PANEL-SIGNS TRANSFERS 
Six sheets in each set 
Set 3: WORDING—White 

Set 4: WORDING—Black 

Set 5: DIALS—Control Panels have a clear background 

Set 6: DIALS—Control Panels have a black background 

Price per set 4/6, postage 4d. 

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 



CMGLANDS LfAPWG COMPOMfMTtEQUIPMENT CINTRES 
SOLID STATE-HIGH FIDELITY 

AUPIO EQUIPMENT 
Mono or Stereo Audio, Equipment devel- 
oped from Dinsdale Mk.ll—each unit or 
system will compare favourably with 
other professional equipment selling 
at much higher prices. 
COMPLETE SYSTEMS 
FROM 
£15.5.0 

THE FINEST VALUE IN HIGH FIDELITY- 
CHOOSE A SYSTEM TO SUIT YOUR 
NEEDS AND SAVE POUNDS 

AH units available separately. 
SEND FOR FREE BROCHURE (No. 21) TODAY! 

DEMONSTRATIOHS DAiL Y AT 'JOJ- EDGWARE ROAD 

Acclaimed by everyone 

rl 

MAYFAIR ELECTRONIC ORGAN   A completsly new development in portable electronic musical instruments and a new field for the home constructor. The MAYFAIR' produces a multitude of the most pleasing sounds with a wide range of tone colours suitable for classic or popular music. The organ is fully polyphonic, that is full chords can be played over the entire keyboard. Supplied as a kit of parts which includes 165 transistors, printed circuit panels, special fully sprung and depth of touch adjusted keyboard, attractive vynair covered cabinet with carry handle. A complete derailed and illustrated construction manual is provided with circuits and full parts list. All items may be purchased separately. All parts supplied are fully guaranteed. Full after sales 

Once built the 'MA YFAIR' will then pro vide _ _ _ years of enjoyable entertainment. ONLY ijij OTIS. Call in. See it and play it yourself. 
.ORGAN COMPONENTS We carry a comprehensive stock of organ components for TRANSISTOR AND VALVE FREE PHASE designs. 
Ask for BROCHURE 9 EXPORT ENQUIRIES INVITED 

Deferred te COMPLETE KIT Deposit £29.19.0. 12 monthly payments of £7. TOTAL £113.19.0. 

BUILT AND TESTED Deposit £36.8.0 St 12 monthly payments of £9. Total--£144.8.0. RHYTHM UNIT £59.10.0 pp. 10/- 

SflKIC* 

"CP*" 

INTEGRATED SOLID STATE TRANSISTOR POWER AMPLIFIERS Complete with full Bass Treble. Volume and Selector Controls MA66 12 WATTS STEREO We are pleased to offer two new designs with the choice of either mono or stereo systems These BRITISH DESIGNED UNITS favour the user in so many ways, being suitable for use with all types of PICK-UPS, TUNERS. DECKS and MICROPHONES—with fantastic power and quality'with far greater adaptability, with freedom for battery or mains operation Output is from 3-16 OHMS Whether you require a home or oortable HI-FI installation, electronic guitar. P.A. System Intercomm MA66 will FILL THE BILL MA7 MONO MASS OPTIONAL rv OR THE STEREO «1/"i r\ MAINS UNIT PS20 62 6d p p 4/- tO.lO.U POST PACKINGS EITHER MODEL LT D . I U . U ,. - - «•> —i ' a cdcc —   Daily at our 309 E 
the MA7 for complete listening satisfacti 

Illustrated leaflet's 12 and 14 FREE on request- Demonstrations Daily' 9 Edgware Rd. Branch. 

SfNCLAIR 

IC10 Integrated Cirt Z12 Amplifier Micromatic (Kit) Micromatic (Built) PZ4 Power Unit Stereo 2S Q14 Speaker System All POST PAID. Delivt 

EQUIPMENT 

Amplifier 59/6 89/6 49/6 59/6 99/6 £9.19.6 £7.19.6 

DO IT YOURSELF 
MW/LW PORTABLE 

New printed circuit design with full power output. Fully tunable on both mw/lw bands. 7 transistors plus diode, push-pull circuit. Fitted 5-inch speaker, large ferrite aerial and Mullard transistors. Easy to build with terrific results. All local and Continental stations. . TOTAL COST £6.19.6. P.P. 4/6 TO BUILD Send for Brochure 1 

NEW MODELS 
NOMBREX TRANSISTORISED Test Equipment PRICE Leaflet 

MODEL _ 22 Power Supply 14 0 0 22 30 Audio Generator 19 10 0 24 31 R.F. Generator 12 10 0 25 32 C.R. Bridge 10 10 0 26 33 Inductance Bridge 20 0 0 29 
Send for descriptive illustrated Brochure. 

DUALITY CAR RADIOS 
g hours on the road Has quick push -button operatior oediate station selection and choice of Medium or L re frequency. Output of 3 j watts 

Telephone or Rec Optional Rexine covere 7 x 4 in. speaker. 17/6. Uses PP9 battery. 

is full a> 
POSITIVE/NEGATIVE EARTH PRICE I MANUAL as above £8.19.6. but wit Push Button. 

45/- 
fa 

  § 

BUILD A QUALITY 
TAPE RECORDER To get the best out of your MAGNAVOX DECK you need a MARTIN RECORDAKIT This comprises a special high quality 6 valve amplifier and pre-a n fact e- o the U v FOR fi thing needed SUPERB TAPE RECORDER, which, when built will com- pare favourably with instruments costing twice as much, yet you need no experience or technical skill to bring this about THE INSTRUCTIONS MANUAL MAKES BUILWNG EASY AND SUCCESS ASSURED 

VHF FM SUPERHET TUNER MKII '5-MULLARD TRANSISTORS 6 4 DIODES * 300 Kc s BANDWIDTH * PR NTED CIRCUIT CONSTRUCTION • HIGH FIDELITY REPRODUCTION MONO AND STEREO 
A popular VHF FM Tuner now used throughout the country for quality reception of monophonic and, with the decoder stereophonic broad- casts. There is no doubt about it—VHF FM gives the the reai sound. Ex:ellent stability economically priced. TOTAL COST £6.19.6. DECODER £5.19.6. (CABINET 20/- EXTRA) ASK FOR LEAFLET 

NEW-MALLORY LONG LIFE 
MERCURY BATTERIES 

•RM12 135 

GARRARD RECORD DECKS 

r4. 

«2-x| dia. 10.35 volts 350 m/aH Pack of 8. Size x | OUR PRICE 10/- each Easily split into eight 1.3! 

QUANTITIES AVAILABLE. 
BRAND NEW All b«low '••t£P"sc«d 

MANUFACTURERS—DISTRIBUTORS We publish a OUANTITY. SEMI-CONDUCTOR BULLETIN listing over 500 different devices available FROM STOCK in medium to large quantities at KEEN PRICES coupled with PROMPT DELIVFXIES. TO OBTAIN YOUR COPY. WRITE TO US (on Company Headed Notepaper please) requesting our SEMI- CONDUCTOR BULLETIN For TELEPHONE QUOTATIONS. PHONE (01) 723 1008/9 Extn. 4 (01) 723 0401 Extn. 4. 
We purchase medium lo large quantities of Transistors and Devices excess to Manufacturers and Distributors requirements. 

TRANSISTORS- 
SEMICONDUCTORS COMPLETELY NEW 1969 LIST OF 

1000 types. Send for your FREE COPY 
TODAY, (list 36) 
S.C.R.'s from 5/- 
Field Effect Transistors from 9/6 
Power Transistors from 5/- 
Diodes and Rectifiers from 1/6 

3 Mono/Stereo 2000 Mono/Stereo 2025 Mono/Stereo 300 LM with 9TAHC SP25 Mk II AT60 Mk II 3500 Mono/Stereo 9TAHC 401   

9 19 12 10 13 10 13 19 28 7 20 10 12 10 14 19 SL65 SL75 SL95 A70 Mk II 12 12 0 Send for illustrated brochures 16. 17 Complete range of accessones available 

Hlfl equipment to suit EVERT POCKET 

VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE RD^ 

for all leading makes 
AMPLIFIERS 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
TEST EQUIPMENT 
SYSTEMS 
ALL WITH DISCOUNTS ^ ^ 
Ask for Hi-Fi- Stock List Leaflet 16.17 
IT WILL PAY YOU TO PAY US A VISIT! 

* * 

0 

illustrated CATALOGUE 
COMPLETELY NEW 9th EDITION (1969) 

The most COMPREHENSIVE- CONCISE—CLEAR COMPONENTS 
CATALOGUE 
Complete with 10/- worth discount vouchers 
FREE WITH EVERY COPY 
* 32 pages of transistors and semi-conductor 

devices, valves and crystals. 
* 210 pages of components and equipment. 
* 70 pages of microphones, decks and Hi-Fi 

equipment. 
6,500 ITEMS 
320 BIG PAGES II 

m llpMMlllj'IfHR 

303 Edgware Road, London, W.2. Mad Order Dept 
all types of Components. Orqan Dept (Oi) 723-1008 9 
309 Edgware Road, London, W.2. High Fidelity 
Sales. PA and Test Equipment. Record Decks(0i) 723 6963 


