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FOLLOW THE LEADERS 

■ ss 
■ QUALITY-TESTED PAKS 

2 Drift Trans 2NI225 Germ PNP 100 Mc/s  10/- 6 Matched Trans.OC44/45/81/81 D. . 10/- 20 Red Spot AF Trans. PNP  10/- 16 White Spot RF Trans PNP  10/- 5 Silicon Rects. 3 A 100-400 PIV  10/- 2 10 A Silicon Rects. 100 PIV  10/- 2 OC140 Trans. NPN Switching... 10/- ■■ I 12 A SCR 100 PIV  10/- 3 Sil. Trans. 2S303 PNP  10/- 4 Zener Diodes 250mW.3-I2V  10/- 3 200Mc/s. Sil. Trans. NPN BSY26/27 10/- 3 Zener Diodes 400mW. 33V 5%Tol 10/- 4 High Current Trans. OC42 Eqvt.. 10/— 2 Power Transistors I OC26 I OC35 10/— . 5 Silicon Rects. 400 PIV 250mA  10/- 4 OC75 Transistors  10/- 1 Power Trans. OC20 100V  10/- 10 O A202 Si I. Diodes Sub-mi n. Marked 10/- 2 Low Noise Trans. NPN 2N929/30 10/— 1 Sil. Trans. NPN VCB 100 ZT86. . . 10/- 8 OAS I Diodes  10/- 4 OC72 Transistors  10/— 4 OC77 Transistors  10/— 4 Sil. Rects 400 PIV 500mA  10/- 5 GET884 Trans. Eqvt. OC44  10/- 5 GET883 Trans. Eqvt. OC45  10/- 2 2N708 Si I. Trans. 300Mc/s. NPN . . 10/- 5 GT4I/45 Germ. Trans. PNP  10/- 3 GT31 LF Low Noise PNP Trans.. . 10/- 6 IN914 Sil. Diodes 75 PI V 75mA . . . 10/- 8 OA95 Germ.DiodesSub-min. I N69 10/- 3 NPN Germ. Trans. NKT773  10/- 2 OC22 Power Trans. Germ  10/— 2 OC25 Power Trans. Germ  10/— 4 ACI28 Trans. PNP High Gain  10/- 2 AC 127/128 Comp. pair PNP/NPN 10/- 3 2N I 307 PNP Switching Trans. . . . 10/- 10 CG62H Germ. Diodes Eqvt. OA7I H)/- | 3 AFI 16 Trans. VHF  10/- 
_D — One 10/-Pack of your own choice free with order  value £4 or over.  
12 Assorted Germ. Diodes Marked . 10/— 4 ACI26 Germ PNP Trans  10/- 4 Silicon Rects. 100 PIV 750mA  10/- 3 AFI 17 Trans. VHF  10/- I 7 OC8I Type Trans  10/- i 3 OCI7I Trans. VHF  10/- 5 2N2926 Sil. Epoxy Trans  10/- , 7 OC7I Type Trans   10/— I 25 Trans.HeatsinksfitTOI8,SOI2,etc. 10/— 2 2S70I Sil.Trans. Texas NPN  10/- 3 12V Zener 400mW  10/- 2 I OA 600 PIV Sil. Reacts. IS45R  »0/- 3 BCI08 Sil. NPN High Gain Trans.. 15/- 1 2N9I0 NPN Sil.Trans. VCB 100. . 15/- 2 1000 PIV Sil. Rect. I -SA R533 10 AF 15/- 3 BSY95A Sil .Trans. NPN 200Mc/s. 15/- 3 OC200 Sil. Trans. Mullard  15/- 2 Sil. Power Rects. BYZI 3  15/- I Sil. Power Trans. NPN lOOMc/s. TK20IA   15/- 6 Zener Diodes 3-I5V Sub-min  15/— I 2NI 132 PNP Epitaxial Planar Sil. . 15/- 3 2N697 Epitaxial Planar Trans. Sil.. 15/— 4 Germ. Power Trans. Eqvt. OCI6 . 15/— 1 Unijunction Trans. 2N2646   15/— 2 Sil.Trans.200Mc/s.60VcbZT83/84 15/- I Sil. Planar Trans. NPN lOOMc/s. BSY25  15/- 1 Uniiunction Trans. 2N2I60 TO-5 . 15/— 2 Sil. Rects. 5A 500 PIV Stud Type . . 15/- 2 Germ Power Trans. OC28/29 .... 15/- I I OA Sil. Stud React. 800 PIV  15/- 1 Tunnel Diode AEYI I l050Mc/s, .. 15/- 2 2N27I2 Sil. Epoxy Planar HFE225. 15/- 8 BY 100 Type Sil. Rects 20/- | 25 Sil. and Germ. Trans. Mixed, all marked, New   30/— 2 GET880 Low Noise Germ. Trans. . 10/— I AFI 39 PNP High Freq. Trans  10/- 3 NPN Trans. I STI4I & 2 ST 140 . .. 10/- 4 Madt's 2 MAT 100 & 2 MAT 120 . . . 10/- 3 Madt's 2 MATI0I & I MATI2I ... 10/- 4 OC44 Germ. Trans. AF  10/- 3 AC 127 NPN Germ. Trans  10/- I 2N3906 Sil. PNP Trans. Motorola . 10/- 

1 CADMIUM CELLS I ORP60 ORP6I  8/- each I ORPI2   8/6 each 
MANY NEW PAK ITEMS 
FULL RANGE OF ZENER DIODES VOLTAGE RANGE 2-I6V. 400mW (DO-7 Case)  2/6 each t 1.5W (Top-Hat)   3/6 each I0W (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.R. Texas and IN types. 
TRANSISTOR EQVT. BOOK 52 pages of cross references for trans, and diodes, types include British, European, American and Japanese. Specially imported H by BI-PAK 10/-each 

ANOTHER CROWNING SUCCESS— 
2N2060 NPN. SIL. DUAL TRANSISTOR CODE D1699 
TEXAS. OUR PRICE 5s. EACH. 
GERM. RECTIFIER SINGLE-PHASE BRIDGE MULLARD 
TYPE GEX541-BIPI, OUTPUT VLTS 48V, OUTPUT I.C. 
SA, LIST PRICE 58s. OUR PRICE 12/6d. EACH.  
SILICON NPN 120V Nixie DRIVER TRANS. SIM. C407, 
BSX21 and 2NI893, TO-S CAN. OUR PRICE 3/6d. EACH. 
25 OFF 3s. EACH,  
SILICON UNILATERAL SWITCH. A Silicon Planar mono- 
lithic integrated circuit having thyristor electrical charac- 
teristics with an anode gate and a built in Zener between 
gate and cathode. Type DI3DI 10s. each. Full data and 
application circuits available.  
NPN DIFFUSED SILICON PHOTO-DUO-DIODE TYPE 
IS70] (2N2I75) for Tape Readout, high switching and 
measurement indicators, 50V, 250mW. OUR PRICE 10s. 
EACH, 50 OR OVER 8/«d. EACH, FULL DETAILS. 
king of the paks u nequalled Value and Quality 

BRAND NEW—UNTESTED 
SEMICONDUCTORS Satisfaction GUARANTEED in Every Pak, or money back- 

Pak No Ul 120 Glass Sub-min General Purpose Germanium Diodes . 10/— 

SUPER PAKS 

U2 60 Mixed Germanium Transistors AF/RF  10/- 
U3 75 Germanium Gold Bonded Diodes sim OAS, PA47 . . . 10/- 
U4 40 Germanium Transistors like OC8I, ACI28 . . . 10/- 
U5 60 20dmA Sub-min. Sil. Diodes  10/- U6 40 Silicon Planar Transistors NPN sim. BSY95A, 2N706 . 10/- U/ 16 Silicon Rectifiers Top-Hap 750mA up to 1000V  10/- 
U8 50 Sil Planar Diodes 250mA OA/200/202   10/- 
U9 20 Mixed Volts 1 watt Zener Diodes  10/- UN 30 PNP Silicon Planar Transistors TO-5 sim.2N 1 1 32 . . . . 10/- U12 12 Silicon Rectifiers EPOXY 500mA up to 800 PIV  10/- U13 30 PNP-NPN Sil Transistors OC200&2S 104  10/- U 14 150 Mixed Silicon and Germanium Diodes   10/- 
U15 30 NPN Silicon Planar Transistors TO-5 sim 2N697 .... 10/- 
U16 10 3-Amp Silicon Rectifiers Stud Type up to 1000 PIV . . . 10/- U17 30 Germanium PNP AF Transistors TO-5 like ACY 17-22 10/- U18 8 6-Amp Silicon Rectifiers BYZ 13 Type up to 600 PIV . . 10/- U 19 30 Silicon NPN Transistors like BCI08  10/- U20 12 1 -S-amp Silicon Rectifiers Top-Hat up to 1,000 PIV . . . 10/- U2I 30 A.F. Germanium alloy Transistors2G300 Series & OC7I 10/- U22 1 0 l-amp Glass Min.Silicon Rectifiers High Volts  10/- U23 30 Madt's like MAT Series PNP Transistors  10/- U24 20 Germanium 1-amp Rectifiers GJM up to 300 PIV  10/- U25 25 300Mc/s NPN Silicon Transistors 2N708, BSY27 ... . 10/- U26 30 Fast Switching Silicon Diodes like IN9I4 Micro-min.. . 10/- U28 Experimenters' Assortment of Integrated Circuits, 

untested.Gates, Flip-Flops, Registers, etc.,8 Assorted Pieces 20/- U29 10 1 amp SCR's TO-5 can up to 600 PIV CRS1/25-600 . . . 20/- U30 15 Plastic Silicon Planar trans, NPN 2N2924-2N2926 . . . 10/- U3I 20 Sil. Planar NPN trans, low noise Amp 2N3707 10/- U32 25 Zener diodes 400mW Do7 case mixed Vlts, 3-18 . . 10/- U33 15 Plastic case 1 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 AD 162 PNP 
MATCHED COMPLIMEN- ARY PAIRS OF GERM. POWER TRANSISTORS. For mains driven output stages ofAmpliflersand Radio receivers. OUR LOWEST PRICE OF 12/6 PER PAIR 

HIGH POWER SILICON PLANAR TRANSISTORS. TEXAS 2S034. NPN TO-3 
VCB 100 I c 4A fT. I5M/cs 
VCEI0O Ptot. 40W 
VEB8 hFE(min.) 60 Price 15/— each 

NEW SILICON RECTIFIERS TESTED PIV 400mA 750mA 1.5A 3A I OA 30A 50 lOd 1/- 1/6 2/9 4/3 9/6 100 1/- 1/3 2/6 3/3 4/6 15/- 200 113 1/9 2/6 41- 4/9 20/- 300 — 2/3 3/9 4/6 6/6 22/- 4002/- 2/6 4/- 5/6 7/6 25/- 500 — 3/- — 61- 8/6 30/- 600 2/9 3/3 4/3 6/9 91- 37/- 800 — 3/6 4/9 7/6 M/- 40/- 1,000 — 51- 61- 9/3 12/6 50/- 1,200 — 6/6 7/6 11/6 15/- 

SCR' 
LOWEST LARGEST 

PIV iA 7A 25 — 7/6 - 50 7/6 8/6 100 8/6 10/- 200 12/6 15/- 300 15/- 20/- 400 17/6 25/- 500 30/- 40/- 600 — 40/- 

S 
PRICE RANGE 
I6A 30A - 30/- 10/6 35/- 15/- 45/- 20/- 55/- 25/- — 35/- 80/- 45/- 95/- 50/- — 

PLEASE NOTE. To avoid any further Increased Postal Charges to our Customers and enable us to keep our "By Return Postal service" which is second to none, we have re-organized and streamlined our Despatch Order Department and we now request you to send all your orders together with your remittance, direct to our Ware- house and Despatch Department, postal address: Bi-PAK SEMI- CONDUCTORS, Despatch Dept., P.O. BOX 6, WARE, HERTS. Postage and packing still I/-per order. Minimum order 10/- 

FET'S 
2N 3819  10/- 2N 3820   25/- MPFI05   8/- 
OCP7I   8/6 

UNIJUNCTION 
UT46, Eqvt. 2N2646, Eqvt. TIS43. BEN3000 

7/6 EACH 
25-99 5/- 100 UP 4/- 

INTEGRATED 
CIRCUITS 

I.C. Operational Amplifier with Zener output. Type 701C. Ideal for P.E. Projects. 8 Lead TO-5 case. Full data 
Our price 12/6 each 

5 off 11 /- each. Large Qty. Prices quoted for. 
FAIRCHILD EPOXY TO-5 8 Lead I.C. ^,L900 Buffer  10/6 /zL9I4 Dual Gate . . . . 10/6 jxL923 J.K. Flip-Flop . 14/- I.C. Data Circuits, etc 1/6 
MULLARD I.C. AMPLI- FIERS TAA243 ORP. Amp. . 70/- TAA263 Min AF Amp. 18/6 TAA293 G.P. Amp . . 26/- RCA CA3020 Audio Amp  30/- 
PRINTED CIRCUITS 

EX-COMPUTER Packed with semiconduc- tors and components, 10 boards give a guaranteed 30 trans, and 30 diodes. Our price 10 boards 10/-. Plus 21- P. & P.  
SOLID STATE DIGITAL CLOCK Price List of Components available FREE on request. S.A.E. PLEASE. 

SIL. G.P. DIODES 
300mW 30 ... 10/- 25PIV (Min.) 100... 25/- Sub-Min. 500 ... £5 Fully Tested 1,000 ... £9 Ideal for Organ Builders. 

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

KING OF THE PAKS BI-PAK GIWRAKIH SWlSfflCIlDNDfi MONEY BACK 
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build the 

RM 'SINGLET' 

SUPERHET 

RECEIVER 

for RADIO CONTROL! 

SPECIAL OFFER: Two issues of "RADIO MODELLER" 

containing fully illustrated constructional features 

both for ONLY 5/- (normally 3/6 each) 

Also available: reprints of suitable transmitter - 1/- extra 

Send P.O. to: "RADIO MODELLER" (Dept. SO), 

64 WELLINGTON ROAD, HAMPTON HILL, MIDDLESEX 

fast Ata/t Order for the Amateur Radio enthusiast! 

AERIAL EQUIPMENT 
TWIN FEEDER. 300 ohm twin ribbon 
feeder similar K25, 8d. per yard. 75 
ohm twin feeder, 6d. per yard. Post on 
above feeders, 2/- any length. 
COPPER WIRE. 14G, H/D, 140ft. 
30/-; 70ft., 16/-. Post and packing 3/3. 
Lengths are approx. only, actually sold 
by weight. 
FEEDER SPREADERS. 6" Ceramic type 
F.S., lOd. each. Postage 2/6 up to 12. 
CERAMIC CENTRE PIECE for dipoles 
Type AT, 1/6 each. P. & P. 1/-. 
AERIAL INSULATORS. Ribbed ceramic, 
2/6 each. Short stick, 1/- each. Egg, 6d. 
all plus postage. 
2 METRE BEAM, 5 ELEMENT W.S. 
YAGI. Complete in box with 1" to 
2^" masthead- bracket. Price: £3 7s. 
Carriage 5/-. 
SUPER AERAXIAL, 70/80 ohm coax, 
300 watt very low loss, 2/3 per yard. 50 
ohm 300 watt 2/6 per yd. P. & P. 2/6. 
TOUGH POLYTHENE LINE, type MLI 
(1001b.), 2d. per yd. or 12/6 per 100 
yds. Type ML2 (2201b.), 4d. per yd. or 
25/- per 100 yds., ML4 (4001b.). 6d. 
per yd. Ideal for Guys, L.W. < 
Halyards, etc. Postage 1 /6 on ; )orts, 

ine. 

"RAYMART" SUPER 

BANDCHECKER 

This instrument is an adap- 
tation of the simple Ab- 
sorption type wavemeter 
and by utilising a diode and 
a sensitive meter its applica- 
tion is considerably widened. 
In addition to the familiar 
use of checking output fre- 
quency the increased sensi- 
tivity enables it to be used 
for many other applications 
such as:- 
% Checking of Multiplier stages in Multi Stage 

transmitters. 
% Neutralising R.F. Amplifiers. 
# Standing waves on coax Cables. 
# R.F. pick up in wiring. 
# R.F. pick up in microphone leads, etc. 

Price £4.4.0 (3.5-35 Mc/s) 
or, including 160 Metre Band £4.10.0 

p. & p. 3/- 

AERIAL DIPOLE KITS 
TYPE RD1 comprises : 

2 x 70ft. 14G copper or 140ft. 
stranded (as preferred) 

1—AT Centre Piece 
2—Ribbed Insulators 
70ft. 300 ohm Ribbon Feeder 

52/6 P. & P. 4/6 

TYPE RD2 as above, but with : 
12—FS 6in. Ceramic Spreaders 
140ft. Flexible Feedwire 

£3 10s. P. & P. 4/6 

TYPE RE3 comprises : 
70ft. Copper Wire (stranded or 

solid) 
1—T piece 
2—Ribbed Insulators 
50ft. of 75 ohm Balanced Twin 

35s. P. & P. 3/6 

r-*- -«-i The Widest Range of Components in the Midlands 

Amatfiip pflnifl * HIRE PURCHASE 
CHAS. H. YOUNG LTD. CHAS. H. YOUNG LTD. 

★ PART EXCHANGE 
At your service G2AK, G3LAY, G3VFV 170-172 Corporation Street, 
Please print your address. No C.O.D. under £1. 'phone 021—236 1635 Birmingham 4 
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TOP TRANSISTORS 
All new, first grade, guaranteed to specification 
Mail order only. Prompt service. Orders over 10/- U.K. post paid. 

AD161-2) 5/- 
& 
B5000 11/3 
BD121 18/- 
BC107B 2/8 
BC168B 2/- 
BC168C 2/- 
BC169C 2/3 
BF178 9/- 
BF225 4/- 
BFY51 4/- 
GET693 1/3 

HK041 
HK101 
HK601 
iS44 
IS557 
MEM554C 
SF115 
TIS18 
TIS60M 
TiS61M 
2N706 
2N2926G 
2N3055 

2/6 
2/- 2/6 
1/4 

15/- 2/10 
7/- 4/8 

4/11 
2/7 
2/6 

16/6 

2NJ707 
2N3794 
2N3983 
2N4058 
2N4285 
2N4289 
2N4291 
2N4292 
2SB187 
2SB405 
2SD72 
40468A 

4/3 
2/10 
5/8 
4/7 

2/10 
2/10 
2/10 
2/10 
2/- 
5/- 
7/6 

New Data & Circuits 
Our new list includes data on 
all our transistors and com- 
ponents, plus circuits and brief 
notes on our 'AX' kits. 
6d. FREE WITH ALL ORDERS 

INTEGRATED CIRCUITS 
PA234. Transformerless amplifier in dual-in- 
line package, by U.S. General Electric. Few 
external components needed. Our data sheet (free with PA234) gives a choice of oper- 
ating conditions: 22V (1W in 22o); 18V 
(1W in ISfi); 12V (0.6W in ICfo); 9V 
(0.25W in 8n). Price 24/- 

MULLARD I.Cs. TAA320 (impedance con- 
verter with f.e.t. input}, 15/-; TAA263. 
3-stage a.f. pre-amp, 16/8; TAB101 ring 
modulator, 21/-. 
R.C.A. CA3020 mini. a.f. push-pull amp, 
28/-. (Data sheets 1/- extra). 

AMPLIFIER PACKS 
Component packages for Class B transformerless amplifiers. Low 
standby current. Reversible polarity. Simple but effective circuitry. 
No adjustments. All components are new, small, and top grade. 
AX2. 9V,300mW in 10-20 ohms 12/6 
AX3. 9V, 800mW in 8 ohms 22/6 
AX4. 24V, 5W in 8 ohms, 4W in 15 ohms 30/- 
All these may be used with speakers of higher impedance. The 
AX4 may be operated from 18V at reduced output. 

COMPONENTS 
Ferrite Rods. BLANK: Round, 4" x f", 2/-; 4}" 
x f", 2/-. Oval, 2" x i" x J", with data, 2/6. 
Slab, 2i" x J" x J", 2/-. WOUND for MW cover- 
age with 300pF, 4" x f" or 4i" x f", 5/-. 
Tuning Capacitors (Jackson) 300pF Dilemin 
10/-. Loudspeakers. 2i" round ,75f2, British 
made, 10/- 

FOR "R.C." CIRCUITS 
Light-Operated Radio Switch (May), BC168C; 
Low-Noise Pre-Amp (May), 2N3707; Modifying 
the "Spontaflex" for Silicon (May), 2N3707, 
2N2926G; Broad Band Signal Injector (April), 
BC168C; Universal Car Radio (April), 2N4058, 
2N2926G; Simple 'Impedance Converter' 
(April), BC168C: High-Value Ohmmeter 
(March), 40468A; Transistors as 'Adjustable 
Zeners' (March), HK601; etc., etc., etc. 

M 

T 80 

MINI 9V MAINS PACK 
Can be built to size of PP6 
battery. Nominal output 
9V. 80mA. All parts. 17/6 
MINI MAINS TRANS. 
All 1" x 1" x li". 240V 
Primaries. Osmor MT9, 
9-0-9V, 80mA, 11/-. Eatle 
MT6, 6-0-6V, 100mA, 13/6. 
Eagle MT12, 12-0-12V, 
50mA, 13/6. Our GEN. 
SHEET gives outputs, regu- 
lation curves, ripple levels 
for all these, with push- 
pull, bridge, and voltage 
doubling rectifier circuits 
giving 6-80V d.c. Price 
6d, FREE WITH TRANS- 
FORMERS. 

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

THE MODERN BOOK CO 

101 SEMICONDUCTOR PROJECTS 

FOR THE HOME CONSTRUCTOR 

18/- By R. M. MARSTON Postage //- 

Radio, Illustrated Teach Yourself by 
David Gibson. 12s. 6d. Postage Is. 
Solution of Problems in Electronics & 
Telecommunication by C. S. Henson. 38s. 
Postage 2s. 
Questions and Answers Colour Television by 
J. A. Reddihough. 10s. Postage 6d. 
Questions and Answers Radio and Television 
by H. W. Hellyer. 8s. 6d. Postage 6d. 
Hi-Fi In The Home by John Crabbe. 40s. 
Postage 2s. 
Amateur Radio Circuits Book by 
R.S.G.B. 10s. 6d. Postage 1s. 
Amateur Radio Techniques by 
R S.G.B. 12s. 6d. Postage 1s. 
Tape Recorder Servicing Manual by 
H. W. Hellyer. 63s. Postage 3s. 6d. 

Transistor Electronic Organs For The Amateur 
by S. Astley. 20s. Postage 1s. 
Colour Television Pal System by 
G. N. Patchett. 40s. Postage Is. 
Questions and Answers Electronics by 
Clement Brown. 8s. 6d. Postage 6d. 
Questions and Answers Transistors by 
Clement Brown. 8s. 6d. Postage 6d. 
Audio Amplifiers by J. R. Davies. 10s. 6d. 
Postage 6d. 
The A.R.R.L. Antenna Book by 
A.R.R.L. 28s. 6d. Postage 2s. 
The Radio Amateur's Handbook 1969 by 
A.R.R.L. 45s. Postage 4s. 
The Designer's Guide to British Transistors by 
I. J. Kampel. 25s. Postage 1s. 

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

19-21 PRAED STREET (Dept RC) LONDON W2 

Telephone PADdington 4185 
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ihe bic) name in PRECISION components 

Precision built radio components are an f 
important contribution to the radio and 

" communications industry. 

No. 6/36 DRIVE 
Incorporating the Dual Ratio Ball Drive providing 36-1 Slow 
drive and 6-1 Fast drive under one knob with co-axial control. 
Scale is calibrated 0-100 and an extra blank scale is provided 
for individual calibration. 
The unit consists of aluminimum back plate, drive unit, scale, 
spare scale, transparent cover, hair-line pointer, escutcheon and 
knob. Fits in front of panel which may be any thickness up to 

(or more by providing longer screws). Price 24s. each. 

JACKSON BROS. (London) LIMITED 
Dept. RC, KINGSWAY-WADDON, CROYDON, CR9 4DG 
Phone Croydon 2754-5 (01-688).Grams Walfilco.Croydon 

U.S. Office: M. Swedgal, 
258 Broadway, N. York, N.Y. 10007 

Around the World 

with HEATHKIT SW RECEIVERS 
The GR-64.Kit (pictured above) can take you on 
a round-the-worid trip for only £22.8.0 in the 
comfort of your own armchair. 
See details of our full range of SW 
receivers and other models for leisure 
enjoyment, Home workshop, Educa- 
tion and Industry in our FREE full- 
colour catalogue. 

m r ^ 
Lrte 

U^\0» 
-W 

 If f ••3 HBJATHICIT D— 

DAYSTROM LTD., 
Dept. RC-7, GLOUCESTER, GL2 6EE, ENGLAND. 
Please send me my FREE Heathkit Catalogue. 
NAME  
ADDRESS  

L 

czn 

IGS 

7 7 

IF YOU'RE BUYING A HOUSE 

Mortgage 

Protection 

is the best Policy for you 

If you're buying your house with the help of a 
Building Society or a private loan, a "Yorkshire" 
Mortgage Protection Policy will take care of your 
outstanding payment in the event of your premature 
death. And, if you wish, you can arrange a Protection 
"Plus" Policy, which gives you a substantial cash 
return at the end of the mortgage term. It costs so 
little yet means so much to your dependants. Leave 
them a home not a mortgage! 

Please send for further details, without any 
obligation, of course. 

the YORKSHIRE insurance company ltd 
Chief Offices: Rougier Street, YORK 

and Becket House, 36-37 Old Jewry, LONDON E.C.2 

Please send me further particulars of the 
"Yorkshire" Mortgage Protection Policy 

Name  
Address.. 

J/B 
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This big RADIO & TELEVISION SERVICING repair library will 
help you speed up your repair work and increase your earnings. 
Packed with 2,657 circuits, component layout diagrams, printed 
panel diagrams, tables and waveform graphs, it covers all the 
popular 1965-1969 TV's, Radios, Radiograms, Car Radios, Record 
Players and Tape Recorders—including the latest data on 
COLOUR TV. Four volumes handsomely bound in maroon and 
gold. 2,180 pages written by a team of expert Research 
Engineers—there's no other publication like it! Speeds up 
repair work year after year. Examine this latest edition at 
home free for a week. Send no money—just post coupon— 
there's absolutely no obligation to buy. 

RADIOS • RADIOGRAMS • CAR 
RADIOS • RECORD PLAYERS 
TAPE RECORDERS • TV'S 

including 

COLOUR TV 
All aspects of Colour TV are covered—from installation to 
static convergence. The vital information in the colour 
section make this repair library invaluable to the Service 
Engineer. 

1000 POPULAR MODELS 

from 1969 right back to 1965 

Servicing data for all these makes 

Aiwa, Alba, Baird, Beogram, Beolit, Blaupunkt, B.R.C., 
Bush, Carousel, Cossor, Dansette, Decca, Defiant, Dyna- 
port, Dynatron, Eddystone, Ekco, Elizabethan, Ever 

Ready, Ferguson, Ferranti, Fidelity G.E.C., Grundig, 
Hacker, H.M.V., Hitachi, Invicta, K.B., Klinger, Kolster- 

Brandes, Lowe-Opta, McMichaei, Marconiphone, Master- 
Radio, Monogram, Motorola, Murphy, National, Newmatic, 
Pam, Perdio, Peto-Scott, Philco, Philips, Portadyne, Pye, 
Radiomobile, Radionette, R.G.D., Regentone, Roberts' 

Radio, Robux, Sanyo, Sharp, Smith's Radiomobile, Sobell, 
Sony, Standard, S.T.C., Stella, Stereosound, Tclefunken, 

Teletron, Thorn, Trans Arena, Ultra, Unitra, Van Der 
Molen, World Radio 

SENT TO YOU BY POST ON 

7 DAYS FREETRIAL 

I I01, Buckingham Press Ltd., P.O. Box 14, Gatehouse Rd., Aylesbury, I Bucks. Please send RADIO & TV SERVICING—4 volumes, without obli- B gation to buy if you accept my application. I will return the books in I 
8 days or post: 
Tick □ Full cash price of £16, or  
here □ 20/- dep. and 16 monthly payments of 20/-, paying £17 in all, I 
□ Also send me on 7 days trial Electrical Engineer's Reference Book. ■ 

i-Pr'ce vS*/ ^or c'ep' ^ month|y payments of 10/-, paying I £6 12s. in all.) (If you are under 21 you father must fill in coupon.) | 
Full Name       Please nek w he,e | 
(BLOCK LETTERS PLEASE) 
Address 

The address on left is 'My/our property (~~| 

County 
Occupation . 
Signature    

RV4/4047 
Mr. 
Mrs. 
Miss 

Rented j—, unfurnishedl ! 
Furnished accom| | 
Temporary addressl I 
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DENCO (CLACTON) LIMITED 

355-7-9 OLD ROAD. CLACTON-ON-SEA, ESSEX 

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

Our General Catalogue showing full product range ... ... ... 2s. 6d. 
DTB4 Transistor & Valve circuitry for DP. 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. 

BOUND VOLUME No. 21 

of "The Radio Constructor" ^ FOR YOUR LIBRARY 

AUGUST 1967 to JULY 1968 
Comprising 792 pages plus index 

PRICE 35^- Postage 41) 

■ 

. 

► 

Special discount of 10/- for regular readers 
Just cut the heading from each month's contents 

page, including title and month of issue, and this will 
be sufficient evidence of readership to qualify for the 
discount. 

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

PRICE 25/- Postage 4/6 

Limited Number of Volume 20 - Price 32/6 

Available only from (August 1966 to July 1967) still available 
DATA PUBLICATIONS LTD., 57 MAIDA VALE, LONDON, W.9 

Postage 4/6 
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PAK 

LIMITED 

FULLY TESTED AND MARKED 
AC 107 3/- OC170 3/- AC126 2/6 OC171 4/- AC 127 2/6 OC200 V,6 
AC128 2/6 OC201 7/- AC176 5/- 2G301 2/6 
ACY17 3/- 2G303 2/6 
AF114 4/- 2N71 I 10/- 
AFllS 3/6 2N1 302-3 4/- 
API 16 3/6 2N1 304-5 5/- AF1 17 3/6 2N1 306-7 6/- AF186 10/- 2N1 308-9 8/- AF139 10/- 2N3844A 5/- AF239 12/6 Power 
BFY50 41- Transistors BSY25 7/6 OC20 10/- 
BSY26 3/- OC23 10/- BSY27 3/- OC25 8/- 
BSY28 3/- OC26 5/- BSY29 31- OC28 7/6 BSY95A 3/- OC35 5/- 
OC41 2/6 OC36 7/6 
OC44 1/11 ADI49 10/- 
OC45 1/9 AUYI0 30/- 
OC71 2/6 2N3055 15/- 
OC72 2/6 Diodes 2/- OC73 3/6 AAY42 OC81 2/6 OA95 2/- OC81D 2/6 OA70 1/9 OC83 4/- OA79 V' OCI39 2/6 OAS 1 1/9 
OC140 3/6 1N914 1/6 

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

OVER £4 

TRY OUR X PACKS FOR 
UNEQUALLED VALUE 

XA PAK 
Germanium PNP type transistors, equiva- 
lents to a large part of the OC range, i.e. 
44, 45, 71, 72, 81, etc. 

PRICE £5 PER 1000 
POST & PACKING 4/6 U.K. 

XB PAK 
Silicon TO-18 CAN type transistors NPN/ 
PNP mixed lots, with equivalents to 
OC200-1. 2N706a. BSY27/29. BSY95A. 
PRICE £5.5.0 PER 500 £10 PER 1000 

POST & PACKING 2/6 U.K. 

XC PAK 
Silicon diodes miniature glass types, finish- 
ed black with polarity marked, equivalents 
to OA200, OA202, BAY31-39 and DK10. 
etc. PRICE £5 PER 1000 

POST & PACKING 2/6 U.K. 

ALL THE ABOVE UNTESTED PACKS HAVE 
AN AVERAGE OF 75% OR MORE GOOD SEMI-CONDUCTORS. FREE PACKS SUS- 
PENDED WITH THESE ORDERS. ORDERS 
MUST NOT BE LESS THAN THE MINI- 
MUM AMOUNTS QUOTED PER PACK. 

NEW TESTED & GUARANTEED PAKS 

TRANSISTORS ONLY 1/- EACH 
SILICON • PLANAR • N.P.N. • P.N.P. 
All these types available _ 
2N929 2N706 2S131 2S103 2N696 2N1613 2S733 BFY10 
2S501 2N706A 2S512 2S1Q4 2N697 2N1711 2N726 2S731 
BSY38 2N3011 2S102 2N2220 2N1507 2N1893 2N2484 2S732 
All tested and guaranteed for gain and leakage—unmarked. 
Manufacturers' fall outs from the new PRE-PAK range.   

NEW UNMARKED UNTESTED PAKS 
B78 IT Integrated Circuits, Data & 10/- Circuits of types,, supplied ' 

with orders. 
Q Dual Trans. Matched O/PlQ/. 0 pairs NPN. Sil. in TO-5 can. ' 
IQ OC45, OC810 & OC81 !_ Trans. Mullard glass type. ' 

B83 7nri^rans- Makers rejects. NPN/ IQ/. X UPNP. Sil. & Germ.  ' 
4 innSilicon Diodes DO-7 glass 10/- ' equiv. to OA200, QA202. ' 

B66 IJOHigh quality Germ. Diodes. "JO/- Min. glass type, ' 
B86 CH Sil. Diodes sub. min. IN914 IQ/- J & IN916 types.  ' 
387 innGerm. PNP Trans, equiv. to IQ/- 

QC44, OC45. OC81. etc. ' 
CH Sil. Trans. NPN. PNP. equivalent to OC200/1, 

2N706A. BSY95A. etc. 
10/- 

]0 7 Watt Zener Diodes. Mixed voltages. 

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

B2 4 Photo Cells, Sun Batteries. 
Inc. book of instructions. 10/- 

B77 2 AD1 61—AD1 62 NPN/PNP Trans. Comp. output. Pair 10/- 
B79 4 1N4007 Sil. Rec. Diodes. 

1000 Piv. 1 amp Miniature. 10/- 
B81 10 Reed Switches, mixed types 

large and small. 10/- 
B89 2 5SP5 Light Sensitive Cells. 

Light res. 400^2- Dark IMj). 10/- 
H2 2 2N2067 Matched Pair PNP 

Germ. 12 Watts, power trans. 10/- 
B91 8 NKT1 63/1 64 PNP Germ, to 

— 5. Equiv. to OC44, OC45. 10/- 
B92 4 NPN Sil. Trans. A06-BSX 20, 2N2369, 500 MHz. 360 mW. 10/- 
B93 5 GET113 Trans, equivalent to ACY17-21 PNP Germ. 10/- 
B94 

/ 6 NPN Sil. Planar Epitaxial 
Trans. CS4 similar to BSY38 
or BC108. 

10/- 

B96 5 2N3136 PNP Sil. Trans. TO- 
18. HFE100-300. IC.600mA. 200 MHz. 

10/- 

B98 10 XB112 & XB102 equiv. to AC126. AC156. OC81/2, 
OC71/2, NKT271, etc. 

10/- 

B997ftn Capacitors, Electrolytics, Ifl/. Paper. Silver Mica, etc. 1 

Postage on this pak 2/6. 

RETURN OF THE UNBEATABLE P.I. PAK. 
NOW GREATER VALUE THAN EVER 

Full of short lead semiconductors and electronic 
components, approx. 170. We guarantee at | 
least 30 really high quality factory marked 

I Transistors PNP and NPN, and a host of 
diodes and rectifiers. Mounted on printed 
circuit panels. Identification chart supplied to 
give some information on the transistors. 

» ] PLEASE ASK FOR PAK P.1. ONLY Jm 
2/- P & P on this Pak. 

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. 

leitM IIIIU a 

20/ each 

FREE CATALOGUE AND LISTS 
for:— 

ZENER DIODES 
TRANSISTORS, RECTIFIERS 

FULL PRE-PAK LISTS 
& SUBSTITUTION CHART 

5/- each 

2/6pa" 

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

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

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS 

PRE-PAK LTU 
DEPT. C. 222-224 WEST ROAD, WESTCLIFF-ON-SEA, ESSEX 
TELEPHONE; SOUTHEND (0702) 46344 
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IS 

'14 

If it's 

components 

you're after.. 

^ '\*J 
t 

\ 
y 

i » 
I i 

i # C 

i i^r s , 

•■> ' ...■ - y 

Name 

... you need the 

Home Radio 

CATALOGUE 

It's the finest, most comprehensive Catalogue we have ever 
produced - this latest edition. It has 330 pages, over 8,000 
items listed, over 1,500 of them illustrated. Everything for the 
keen constructor - including tools and test gear. With each 
Catalogue we supply a 30-page Price Supplement, a book- 
mark giving electronic abbreviations, and an order form. All 
for only 8/6d plus 4/- post, packing and insurance. Moreover, 
every catalogue contains 6 vouchers, each worth 1/- when 
used as directed. 

POST THIS COUPON NOW 

with cheque or P.O. for 12/6 

The price of 12/6 applies only to catalogues 
purchased by customers residing in the U.K. 
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Please write Your Name and Address in block capitals 

Address 

HOME RADIO (COMPONENTS) LTD., Dept. RC, 
234-240 London Road, Mitcham, Surrey CR4 3HD. 
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FOR TOP BAND 

by 

A. S. CARPENTER, G3TYJ 

Designed specifically for reception on the amateur 'Top Band' of 1.8 to 2.0 MHz, 
this receiver incorporates seven transistors and one diode. It may be used on 
its own or in conjunction with the transmitter described last month, and it can 

be operated from a 9V dry battery or a 12V car battery 

• • m 

TRANSISTOR 

SUPERHET 

Miniature or semi-miniature solid-state radio 
receivers are always of interest and may be 
particularly so to the Amateur transmitting 

and listening fraternity, many of whom require items 
which are inexpensive to construct and which are 
useful for either portable or mobile working. 

The receiver to be described is in the semi- 
miniature class but could with ingenuity be made 
much smaller. 'Top Band' has always been popular 
for /P and /M working and a low-consumption re- 
ceiver that can work either from a 9V dry battery 
or from a 12V car battery can be handy. Con- 
siderable amateur activity of the 'ragchew' type takes 
place on '160' at week-ends and this frequently pro- 
vides interesting and informative listening material! 

The transistors used in the receiver are available 
very cheaply and work well at the comparatively low 
frequencies involved. Quiescent current drain is 
15mA. 

Briefly, the receiver to be described is a 'Top Band 
only' affair completely transistorised and with an 
audio output of about 1 watt. Increased audio out- 
put could be secured by using a different type of 
amplifier and various inexpensive and ready-built 
items are available, should an alternative amplifier 
be desired. 

Other amateur bands could doubtless also be 
catered for by revamping the front-end circuitry a 
little. The term 'amateur bands' should be noted; 
since the design permits of limited frequency cover- 
age only, the circuitry shown cannot be made 'general 
coverage'. 'Top Band' extends from 1,800 to 2,000 
kHz but since amateur QSO's rarely take place near 
750 

the band edges partial band tuning is adequate. The 
receiver is intended for listening to 'Phone' QSO's 
mainly but if it is desired to tune additionally to 
either c.w. or s.s.b. transmissions a b.f.o. must be 
added. Single-sideband transmissions are not over- 
plentiful on the band but a fair amount of c.w. is to 
be heard; for completeness the circuit of a practical 
transistorised b.f.o. is included. 

Physically the receiver is built as two units—an r.f. 
section and complementary a.f. section—and each of 
these is assembled on a small Paxolin panel or board. 

THE R.F. BOARD 

As may be seen from the r.f. board circuit diagram 
shown in Fig. 1, a total of five semiconductors con- 
stitute the r.f., mixer/oscillator, both i.f. amplifiers 
and demodulator stages. Signal frequency coils are 
provided by LI and L2. The oscillator coil is L3 and 
is tuned higher than the signal frequency by the value 
of the intermediate frequency—in this case approxi- 
mately 470kc/s—the converted signals being amplified 
by TR3 and TR4 in the i.f. strip. Since the band- 
width of the r.f. and mixer signal frequency circuits 
is sufficient to accept signals throughout the 'Top 
Band' range these may be preset, with a simple 'peak- 
ing' variable capacitor for the interstage signal fre- 
quency coil. In consequence, it is merely necessary 
to vary the oscillator tuning to produce the desired 
intermediate frequency and thereby tune the receiver. 
Main tuning via a reduction drive mechanism is thus 
associated with L3 only and permits the use of a 
small single-gang panel-controlled tuning capacitor. 
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Fig. 1. The r.f., mixer/oscillator, i.f. and detector stages of the receiver 

Simple calculation shows that a signal received at a 
frequency of 1,810kHz can be converted to 470kHz 
by tuning the oscillator to 2,280kHz whilst a 
1,990kHz aerial signal can be selected by retuning 
the oscillator to 2,460kHz. Such a variable oscillator 
frequency range can be secured using a variable 

capacitor of about 50pF, and a suitable commercially 
made coil for the inductance is readily available. 
Aerial and inter-stage coils are home-made. 

As already stated, a panel-controlled 'peaking' 
capacitor is associated with the interstage signal fre- 
quency coil and this is provided in the form of VC1. 
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Fig. 2. The circuit of the a.f. amplifier stages 
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Fig. 3. View above the chassis assembly, showing the layout of principal components 

In practice, coils LI and L2 are pre-tuned to the mid- 
band position and VC1 permits of optional frequency 
variation within narrow limits. Trap coil L4 is tuned 
to approximately 2,840kHz since strong second 
channel signals around this frequency could other- 
wise break through to the mixer/oscillator. Any small 
inductor of around 75/j.H with an adjustable iron 
dust core may be used here, a suitable choice being 
the tuned winding of a medium wave oscillator coil 
such as the Osmor Q05. This can be easily resonated 
using either a grid-dip oscillator or a signal generator. 

Connect to metal 
chassis 

TR4 

ro °i\A xr: Metal c 3o can 
5o 

\—X> IFF 
M J 

"13 "16 Wire bus bar 

Lower end of L 

RFC 1 

Lower 4 0 end of 
l3 

Paxolln R.F 
TR, board 3*12 

x 4 

Fig. 4. Layout underneath the r.f. and i.t. board 
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Although the possibility is doubtful, it might be 
necessary to slightly alter the value of C1 to obtain 
resonance at the correct frequency with some coils 
in the category just mentioned. 

The i.f. stages are conventional, with a.g.c. omitted 
to secure maximum gain. The On/Off switch can be 

, external (as in the writer's receiver) or, if desired, 
may be made integral with a.f. gain control VR1. 

THE A.F. BOARD 

The circuit for the a.f. board is given in Fig. 2, and 
it consists of a straightforward push-pull type of 
audio amplifier. This requires little comment, and it 
uses ready made and easily available components 
throughout. To prevent overheating, TR6 and TR7 
should each be provided with a cooling fin having a 
surface area of approximately f by |in. The output 
transformer, T2, is available from Alpha Radio 
Supply Co. Ltd., 103 Leeds Terrace, Wintoun Street, 
Leeds. Again, in the interests of gain no degenerative 
feedback is introduced. 

As mentioned earlier a ready-built transistorised 
amplifier can be employed here instead if preferred. 

CONSTRUCTION 

To provide rigid support, the two Paxolin board 
assemblies are located side by side on a metal chassis. 
Large cut-outs in the chassis main plate permit of 
access to the underside of each board; and the 
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Above-chassis view of the receiver 

boards are prevented from fouling the metal by using 
small spacers. The above-chassis layout is given in 
Fig. 3. 

The r.f. board requires greatest care in construction 
and some of its wiring is shown in the underside lay- 
out of Fig. 4. A total of eight holes are required 
for each i.f. transformer and a suitable drilling 
'pattern' is given by pressing the pins of one against 
a piece of paper. The resulting impressions, if pricked 
with a pin, form an excellent template. Modern 
miniature capacitors and resistors must be used 
throughout. Note, too, that a bracket has to be 
made; this should be some 2in. high to carry the 
tuning capacitor VC2 and trimmers CT1 and CT2. 
The best way of coupling the tuning capacitor to the 
vernier drive is via a flexible insulated coupler. A 
normal coupler can be used, as in the prototype, but 
this necessitates more careful mechanical alignment 
of tha tuning capacitor spindle. 

COIL WINDING 

Coils LI and L2 are wound directly on to lin. 
lengths of |in. diameter ferrite rod. These lengths 
may be obtained from a longer rod—say Sin.—the 
surface being scored with a hacksaw at the appro- 
priate place and the required section broken off, being 
tidied up afterwards with a file. See Fig. 5. Paxolin 
cheeks, each with four tags, are force-fitted over the 
ends of the rods. These cheeks may be home-made 
or obtained from Alpha Radio Supply Co. Ltd. The 
tuned windings of LI and L2 each consist of 43 
JULY 1969 

turns closewound of 30 s.w.g. enamelled copper 
wire, these being laid on centrally over a layer of 
plastic insulating tape. The base coupling windings 
are next wound on, these being centrally positioned 
over the tuned windings and separated from them by 
a double layer of Sellotape. Each base winding con- 
sists of three turns of the same gauge of wire close- 
wound, connections being made after winding to the 
tags on the end cheek. The two completed coils are 
located by pushing them through |in. holes in the 
r.f. board and additional rigidity is effected by using 

Paxolin cheek 

O) 

Tags 

i'x 3/8*dia 
Ferrite rod 

Fig. 5. Details of the ferrite rods and paxolin 
cheeks used for LI and L2 
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stiff copper wire for connections. The coil locations 
can be seen in the diagrams. 

If the audio amplifier is to be constructed, as in 
Fig. 2, the main layout given in Fig. 3 can be used 
as a guide. The correct windings of transformers 
T1 and T2 can be found by using an ohmmeter to 
locate the primary in each case and remembering 
that the secondaries show very low resistance read- 
ings. The transformers may be affixed by bending 
their spills close to the board on the underside. With 
regard to this section, consideration must be given 
to the way in which the receiver is to be powered 
and capacitor C20 and resistors R26 and R27 are 
required only when a 12V car battery is to be used; 
R26 is then selected experimentally to provide a 
potential of 9V measured across C19 under no-signal 
conditions. (When finding the value of R26, remem- 
ber that the terminal voltage of a 12y car battery 
in use is usually of the order of 13.5V. For a quies- 
cent current of 15mA, R26 would be 3000.—Editor.) 
The method of picking up the supplies is really one 
for individual consideration. 

The dimensions of the metal panel and associated 
chassis plate employed in the prototype are given in 
Figs. 6 and 7 respectively. These are self-explanatory. 

ADDITIONAL B.F.O. STAGE 

Although not provided in the prototype receiver, 
the inclusion of a b.f.o. to facilitate c.w. or s.s.b. 
reception may be considered worthwhile by some 
readers, and adequate constructional space for a b.f.o. 
stage is available. The b.f.o. pitch control and its 
In/Out switch may be placed symmetrically on the 
panel below the other controls. A practical b.f.o. 

circuit with component values is given in Fig. 8, the 
i.f. transformer used being the same as that specified 
for IFT3 in the Components List. Sufficient stray 
coupling of the b.f.o. signal into the receiver circuits 
should result, with no additional coupling com- 
ponents being required. 

CHECKING AND ALIGNMENT 

Usually, the best time to get the receiver working 
well is on a Sunday morning, for not only are 
QRM and QRN then less troublesome than at other 
times, but also amateur activity is normally plentiful. 

When aligning the receiver the precise value of 
intermediate frequency is not too important and 
although the transformers used are designed for a 
frequency of 470kHz, erring on the high side will do 
nothing but good. The main requirement is to get the 
i.f. strip in line throughout and if the core ends are 
towards the open ends of their formers as seen from 
below little difficulty should be experienced. 

Initial adjustments consist of seeking a signal of 
some sort by adjusting VC2 and/or the core of L3. 
On receipt of a signal the cores of iFT3, IFT2 and 
IFT1 are adjusted, in that order, to peak the signal 
to maximum. Thereafter attention is given to L3 to 
obtain adequate band coverage. If a reasonably 
accurately calibrated grid-dip oscillator is available, 
all coils can be easily pre-tuned before the receiver is 
switched on, whereupon considerable time is saved. 
At mid-band position the vanes of VC1 should be 
about 50% enmeshed; trimmers CT1 and CT2 are 
adjusted accordingly. If bandspread is inadequate 
insert a capacitor of, say, lOOpF in series with the 

|3/8" 3 74 178 

0 
4I/2" 

For tuning For VR| For VCi 
drive 

7 74 

Material: 18s.w.g. aluminium Holes 3/8'dia 

Fig. 6. Main drilling dimensions for the front panel 
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Fig. 7. Dimensions of the chassis plate 
MaUrial: I8s.w.g.aluminium 

non-earthy terminal of VC2 and readjust the core 
of coil L3. 

DEBUGGING! 

Receiver circuits using transistors do occasionally 
tend to be more temperamental than their valve con- 
temporaries and it is easy to become discouraged 
when a newly built item fails to perform! Also, tran- 
sistor and component tolerances can make it difficult 
to specify firm component values and in a 'One-Off' 
design it is but possible to state values as used in the 
test model; some debugging may or may not thus be 
required. 

A complete lack of signals may be due to non- 
oscillation of the circuitry around TR2 and L3 but 
if all connections are correct and adequate voltage is 
applied, oscillations should be present. Squegging 
may occur if capacitor C9 is overlarge in value 
whereupon its value should be reduced. If fierce 
oscillation results, suspect i.f. instability, the stage 
responsible for the trouble can sometimes be found 
by temporarily by-passing the lower member of a 
base bias potentiometer network—R15 for example 
—with a 3.3kn resistor. Spurious oscillation can also 
be caused in the TR1 circuit if a minor proportion 
of the r.f. present at choke RFC1 is fed back induc- 
tively to LI. To prove this stage disable TR1 by 
disconnecting R5 and connect the aerial to the fixed 
vanes of VC1 via a lOOpF capacitor. 
JULY 1969 
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Fig. 8. Circuit of an optional b.f.o. stage 
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COMPONENTS 

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

R1 iokn 
R2 lokn 
R3 2.2kn 
R4 5.6kO 
R5 ikn 
R6 ika 
R7 lOkQ 
R8 2.2kfi 
R9 ika 
R10 ika 
Rll 56ka 
R12 8.2ka 
R13 470a 
R14 27ka 
R15 3.9ka 
R16 ika 
R17 470a 
R18 looka 
R19 loka 
R20 390a 
R21 4.7ka 5% 
R22 33a 5% 
R23 8.2ka 5% 
R24 8.2ka 5% 
R25 4.7a 5% 
R26 see text 
R27 10a (see text) 
VR1 10ka pot., log track (with optional 

on-off switch, see text) 

Capacitors 
(N.B. Undesignated capacitors in Fig. 1 are 
part of i.f. transformer assemblies.) 

C1 47pF silver mica or ceramic (see text) 
C2 0.04/j,F ceramic or paper 
C3 0.01 /xF ceramic 
C4 0.04/xF ceramic or paper 
C5 47pF silver mica or ceramic 
C6 25pF silver mica or ceramic 
C7 0.04/xF ceramic or paper 
C8 0.04/xF ceramic or paper 
C9 0.01 jj.F ceramic 
CIO 47pF silver mica 
Cll 0.01 jixF ceramic 
C12 0,04/xF ceramic or paper 
C13 0.01/xF ceramic 

C14 0.04//,F ceramic or paper 
CIS 0.01 ^F ceramic 
C16 100/xF electrolytic 15V wkg. 
C17 2/xF electrolytic 6V wkg. 
C18 1 OOu.F electrolytic 6V wkg. 
C19 100/iF electrolytic 15V wkg. 
C20 100/iF electrolytic 25V wkg. (see text) 
VC1 50pF variable, type C804 (Jackson 

Bros.) 
VC2 50pF variable, type C804 (Jackson 

Bros.) 
CT1 40pF trimmer, mica 
CT2 40pF trimmer, mica 

Inductors 
LI See text 
L2 See text 
L3 Oscillator coil, Transistor Dual Pur- 

pose Coil Range 2T White (Denco) 
L4 75/iH (see text) 
RFCI Miniature r.f. choke, 2.5mH, type 

CHI (Repanco) 
T1 Driver transformer type LFDT4 

(Weyrad) 
T2 Output transformer type OPT2 

(Weyrad) 

Semiconductors 
D1 OA71 
TR1 OC44M 
TR2 OC44M 
TR3 AF117 
TR4 AF117 
TR5 OC81D 
TR6 OC81 ) ... 
TR7 OC81 ^ matcnea pa.ir 

Switch 
SI s.p.s.t. on-off (may be part of VR1—- 

see text) 

Miscellaneous 
1 vernier dial drive type T502 (Eagle) 
1 small flexible spihdle coupler 
2 knobs 
1 coaxial aerial socket 
fin. ferrite rod and end cheeks (for LI, L2) 
Paxolin, ISs.w.g. aluminium sheet, etc. 

CONCLUSION 

If the receiver is to be used close to a transmitter 
a means of 'killing' it during 'Transmit' must be 
considered otherwise transistors TR1 and TR2 may 
be destroyed. Normally the station 'Operate' switch 
—or a relay—interchanges the aerial between receiver 
and transmitter as appropriate and it is usually not 
difficult to arrange for a spare set of contacts on the 
switching device to break supplies to the receiver 
completely on 'Transmit'. (It will be recalled that it 
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was suggested that an extra pole be provided in the 
function switch for the transmitter described last 
month. This extra pole may be used to break the 
supply to the receiver when transmitting.—Editor.) 

Final tidying-up activities consist of housing the 
receiver, lacquering the panel and affixing suitable 
legends alongside the controls. Suitable lettering is 
given with Panel-Signs transfers, Set No. 3 white or 
4 black, available from Data Publications Ltd. 
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SUGGESTED CIRCUIT No. 224 

COIL COVERAGE 

TEST UNIT 

by G. A. FRENCH 

a 

mSt 5JJ 

<isn 

V: 

The test unit described in 
this month's article in the 
"Suggested Circuit" series is a 

simple device which, in conjunction 
with a signal generator, allows the 
frequency coverage of r.f. coils to 
be directly assessed in terms of 
parallel tuning capacitance. It there- 
by enables the frequency range of 
home-wound coils or ferrite frames 
to be evaluated before they are 
fitted into a receiver. Thus, with 
the help of this unit, a coil can be 
made to give the precise range re- 
quired whilst it has maximum 
accessibility. Adjustment of turns, 
etc., can of course be a difficult 
process after a coil has been 
mounted in a receiver. 

The signal generator used with 
the unit should have a reliable 
frequency calibration and it must 
have a rated low impedance output 
voltage of lOOmV or more. Most 
commercially manufactured service 
signal generators are capable of 
offering this output, and they can 
be used with the unit. On the 
other hand, it must be pointed out 
that some of the more inexpensive 
classes of signal generator do not 
always offer their nominal output 
over all their ranges and the results 
they would give with the coil 
coverage unit may not, in con- 
sequence, be entirely satisfactory. 
The signal generator employed by 
the author was an Advance Type 
P Model 1 which has been in use 
for quite some years, and this gave 
perfectly acceptable results when 
operated at full output. Signal 
generators having a rated output 
of less than lOOmV cannot be re- 
liably expected to provide a 
sufficiently high signal level to en- 
able the tester to function satis- 
factorily, although they could be 
tried out on a purely experimental 
basis, if desired. 

The maximum frequency at 
which the coil coverage test unit is 
intended to function is 30 MHz. 
JULY 1969 

An additional facihty provided 
by the test unit is that it allows 
the values of fixed capacitors be- 
tween about 20 and 600pF to be 
measured. 

THE CIRCUIT 

The circuit of the coil coverage 
test unit appears in the accompany- 
ing diagram. 

The output of the signal genera- 
tor is applied to the input terminals 
at the left, the earthy signal genera- 
tor output lead connecting to the 
input terminal which is common 
to the test unit chassis. The 620pF 
variable capacitor, Cl, is calibrated 
in terms of its capacitance. Switch 
SI is normally in position 1, and 
the coil under test is connected 
to the "Inductor" terminals. Thus, 
Cl and the coil under test form a 

Inductor 

620pF 
-ifr1 

Input 
from 'Capacitor sig. qen 

C2 
OOIgF TR| 

BCI68C 

eli) 
BCI68C 

Lead-outs 

parallel rejector tuned circuit, offer- 
ing greatest impedance at its reso- 
nant frequency. As a result, the 
signal fed to capacitor C2 is at a 
minimum when the resonant fre- 
quency of this tuned circuit is the 
same as the frequency of the sig- 
nal generator output. 

Capacitor C2 couples to the base 
of TR1, this being a silicon planar 
n.p.n. transistor type BC168C which 
offers the very high gain of 450 to 
900. An amplified signal appears at 
the collector of TRl, this being 
applied via C3 to the shunt de- 
tector, germanium diode Dl. The 
rectified voltage across Dl is limited 
to around 0.6 volts by silicon diode 
D2 and is passed to the O-IOO/jA 
meter. Ml, via R4. 

Both the values of R1 and R4 
are chosen experimentally. R1 has 
a value which causes the particular 

O-IOOjiA 
\ 

On-Off * + 
\ )M| 

470n 270 

OA79 
D, 

DDOOO 
C4 C3 

OOluF 9 V CHjjF 

R|iR4 - see text 

Sj positions 
I - normal 
2-external capacitor 

Circuit diagram for the coil coverage test unit. /Is may be seen, 
this requires very few components 
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transistor employed to pass a col- 
lector current of 4 to 5mA. R4 is 
selected so that meter current is 
limited to lOO^iA, and its value de- 
pends on the specific diode em- 
ployed in the D2 position and the 
internal resistance of the meter. 

A little further explanation is re- 
quired concerning the detector 
circuit. Since D1 is a germanium 
diode it commences to rectify at a 
very low forward voltage and 
thereby enables the meter to res- 
pond to low amplitude signals at 
the collector of TR1. D2 commences 
to pass current at a forward voltage 
of about 0.6, and thereby limits 
the rectified voltage provided by D1 
to this figure. A secondary effect, 
however, is that when D2 does con- 
duct it exhibits a much lower for- 
ward resistance than does Dl. In 
consequence, and unless appropriate 
precautions are taken, diode D2 can 
"take over" as detector on high 
amplitude signals from TR1, causing 
the meter to give a negative reading. 
R3 is inserted into circuit to pre- 
vent this happening and it reduces 
the flow of forward current in D2 
without excessively inhibiting its 
operation as a voltage limiter. The 
value for R3 was found empirically, 
and it offers a compromise between 
effective voltage limiting and elim- 
ination of the unwanted detection 
effect in D2. This latter is still 
present to some extent, and it causes 
the meter to read less than f.s.d. 
with some high amplitude signals. 
With the prototype, high amplitude 
signals at the collector of TR1 
caused the meter to give readings 
ranging between 70 and lOO^A 
according to their level and fre- 
quency, and this was considered 
satisfactory. As will shortly be made 
clear, the variance in actual meter 
reading for maximum r.f. signal in 
no way detracts from the usefulness 
of the test unit in determining 
resonant frequency. 

To check the frequency coverage 
of a coil, it is connected to the 
"Inductor" terminals and SI is set 
to position 1. C1 is adjusted to the 
minimum tuning capacitance which 
will be applied across the coil when 
it is eventually fitted in the receiver 
for which it is intended. The signal 
generator frequency control is then 
adjusted. As it approaches the 
resonant frequency of the tuned 
circuit given by the test coil and 
C1 a pronounced "dip" 'will be 
observed in the meter reading. The 
signal generator is then adjusted for 
maximum "dip" (i.e. minimum read- 
ing in the meter) whereupon the 
resonant frequency of CI and the 
test coil may be read from the 
signal generator scale. As may now 
be seen the most important read- 
ing required in the meter is that 
corresponding to maximum "dip" 
and, at the low r.f. signal voltages 
which appear at TR1 collector under 
resonance conditions, it is Dl only 
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which functions as detector. D2 is 
non-conductive under these con- 
ditions. The "dip" is very obvious 
in character and can in no way be 
confused with the variance in read- 
ing with high amplitude signals re- 
sulting from the detection effect in 
D2. The fact that a pronounced 
"dip" is obtained is, incidentally, due 
to the compression of the higher 
current readings on the meter scale 
due to D2. With the prototype it 
was found that minimum "dip" 
readings ranged from zero to 10/jA 
according to the Q of the coil being 
checked and the amplitude of the 
signal generator output. A "dip" 
is, of course, given because Cl and 
the test coil offer maximum im- 
pedance at their resonant frequency. , 

After checking the. coil with Cl • 
at a minimum value, Cl may be 
adjusted to the maximum capaci- 
tance which will eventually be 
placed across the coil, whereupon 
the process is repeated. The two 
signal generator frequency readings 
then define the coverage to be ex- 
pected from the coil. 

There are alternative methods of 
using the unit other than that just 
described. For instance, a coil may 
be connected to the "Inductor" ter- 
minals, the signal generator set to 
a predetermined frequency and Cl 
adjusted for resonance. The capaci- 
tance needed across the coil for 
resonance at the predetermined fre- 
quency may then be read from the 
scale of Cl. Again, both the signal 
generator and Cl may be set up 
to _ predetermined readings, after 
which the inductance of the test 
coil is varied until resonance is 
obtained by either adjusting its dust 
core or its position along a ferrite 
rod. 

To measure values of capacitance 
between about 20 and 600pF the 
unknown capacitor is connected 
across the "Capacitor" terminals 
and SI is set to position 2. Any 
coil is connected across the "In- 
ductor" terminals and the signal 
generator frequency adjusted for 
resonance. SI is then set to posi- 
tion 1 and Cl adjusted, in its turn, 
for resonance. The value of the un- 
known capacitor may then be read 
from the scale of Cl. 

An interesting point arising from 
the circuit configuration is that Cl 
and the test coil form a band-stop 
filter similar to a wave-trap in series 
with the aerial input to a receiver. 
The resonant frequency of such a 
filter is virtually unaffected by im- 
pedances on either side to a com- 
mon earth point, although the 
presence of such impedances may 
alter the response curve on either 
side of resonance. To satisfy him- 
self that this point was, in practice, 
true the author checked operation 
with lOOpF fixed capacitors added 
between chassis and both sides of 
the tuned circuit given by Cl and 
the test coil, and found that the 

frequency corresponding to maxi- 
mum "dip" in the meter remained 
unaltered. The same applied even 
when a 0.0 l^F capacitor was con- 
nected, in addition, across the in- 
put terminals. (Such a capacitor 
could not be connected between the 
right hand side of the filter and 
chassis, as it would have prevented 
the unit from functioning). These 
checks were carried out at two fre- 
quencies, one around 30 MHz and 
the other around 1 MHz, with Cl 
very near minimum capacitance. 

COMPONENTS AND 
CONSTRUCTION 

All the components are standard 
types and require only a few words 
of additional comment. 

Cl consists of a 2-gang 310+ 
310pF capacitor, both sections being 
connected in parallel. If desired, 
constructors may use alternative 
variable capacitors here, these offer- 
ing maximum capacitances of, say, 
500pF to 730pF (two 365pF in 
parallel). Alternative values in Cl 
will, of course, correspondingly alter 
the range of fixed capacitors whose 
values can be measured. It is pre- 
ferable to avoid having an unneces- 
sarily high maximum capacitance 
in Cl because, in general, variable 
capacitors which give a high maxi- 
mum capacitance tend to offer a cor- 
respondingly high minimum capaci- 
tance when their vanes are fully 
open. It is essential that Cl be a 
good quality air-spaced component. 
Its metal frame must be insulated 
from chassis, and the circuit is wired 
up such that this frame connects 
to the non-earthy input terminal. 
The fixed vanes of Cl then connect 
to SI. This method of connection 
is recommended because the input 
terminal will have a much lower 
impedance to chassis that the base 
circuit of TR1. With the prototype, 
Cl was fitted with a standard in- 
sulated knob and no hand-capaci- 
tance effects were noted as this 
knob was adjusted. 

To keep stray capacitances to a 
minimum, SI should be a rotary 
switch. The Tnductor" and "Capaci- 
tor" terminals may be mounted on 
a panel of good-quality Paxolin, 
being positioned such that all wiring 
between them and Cl and SI is 
kept short. 

Transistor TR1 should be a 
BC168C as specified. This type is 
available from Amatronix Ltd. 
Diode Dl, an OAT9, should also 
be as specified. Silicon diode D2 
should be a Lucas DD000. All the 
resistors may be 1 watt types, R2 
and R3 being 10%. R1 is omitted 
during construction, and a 10ka 
variable resistor is temporarily wired 
up in the R4 position. 

The unit may be built up in any 
small metal or insulated case of 
suitable size. The components in 
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the collector circuit of TR1 should 
be kept apart from those in its 
base circuit. However, the two 
circuits need not be screened from 
each other. 

After construction has been 
completed, set the temporary )0kJ2 
variable resistor in the R4 position 
so that it inserts maximum resis- 
tance into circuit. No input signal 
is applied at this stage and no ex- 
ternal components are connected to 
the "Inductor" or "Capacitor" ter- 
minals. Insert a current-reading 
meter in series with the positive 
battery terminal and switch on. 
Then, starting from about 3Mil 
and working down in value, find the 
resistance needed in the R1 position 
which causes the current-indicating 
meter to give a reading between 
4 and 5mA. With the prototype 
it was found that R1 needed to 
be I Mil for a current reading of 
4mA, which indicated a gain under 
present circuit conditions for the 
particular transistor employed of 
approximately 450. It should not 
be necessary for R1 to have a value 
much lower than IMSl It must be 
emphasised that the value required 
in R1 should be found by reducing 
the experimental resistance care- 
fully. The transistor has an excep- 
tionally high gain and too low a 
resistance for R1 can cause a rela- 
tively heavy collector current to 
flow. After the required value has 
been found the unit may be switched 
off, and a fixed resistor of the 
requisite value connected perma- 
nently in the RI position. The unit 
may then be switched on again to 
check that battery current is still 
correct, after which the current- 
reading meter is taken out of 
circuit. 

Apply the signal generator output 
to the input terminals, with C1 set 
to maximum capacitance and SI in 
position 1. Inject a signal at a 

frequency in or near the medium 
wave band and adjust the signal 
generator attenuators for maximum 
reading in Ml. Remember that, due 
to the presence of D2, an amplitude 
increase in a high-level input signal 
may cause a small decrease in meter 
reading. Then set up the variable 
resistor in the R4 position so that 
the meter reads full-scale deflection. 
The variable resistor is not taken 
out of circuit at this stage, and it 
should be retained until a little 
experience has been gained with the 
unit. This is because the detector 
and limiter circuit is slightly fre- 
quency dependent and it may be 
found that, at some input frequen- 
cies, the meter will still read a little 
higher than f.s.d. It is just feasible 
that exceptionally high input levels 
may, because of D2, cause the meter 
reading to drop below the 70/tA 
level experienced with the proto- 
type. Should this effect be present 
to any serious extent either avoid 
using very high input levels by 
attenuating the signal generator out- 
put or slightly increase the value of 
R3. No trouble was experienced 
on this score with the prototype, 
even when the transistor was driven 
sufficiently hard by the generator 
for its collector current to drop 
(due to detection in its base-emitter 
junction) to 3mA. 

Next, connect a series of coils 
across the "Inductor" terminals in 
order to become familiar with the 
operation of the unit. It should be 
found that very pronounced "dips" 
in meter reading are given at reson- 
ance. If, for any combination of 
input level and input frequency, the 
meter reads slightly higher than 
f.s.d., adjust the temporary I0kS2 
variable resistor in the R4 position 
accordingly. When these checks have 
been completed, disconnect the tem- 
porary variable resistor, measure 
the value it provides, and replace 

it with a fixed resistor of the same 
value. 

The final task consists of cali- 
brating Cl, and this is carried out 
with the aid of fixed capacitors 
whose values are known. Fit Cl 
with a temporary scale, connect any 
coil across the "Inductor" terminals 
and a known capacitor across the 
"Capacitor" terminals. Put SI to 
position 2 and adjust the signal 
generator frequency for resonance. 
Then set SI to position 1 and simi- 
larly adjust Cl for resonance. Cl 
then offers the same capacitance as 
did the known capacitor and its 
scale may be marked accordingly. 
Repeat the operation with other 
known capacitors until there are 
sufficient markings on the temporary 
scale fitted to Cl to enable a per- 
manent scale to be drawn up. 

RESULTS WITH THE 
PROTOTYPE 

The prototype unit was checked 
from 150 KHz to 30 MHz using the 
tuned windings (between pins 2 and 
5) of coils in Ranges 1 to 5 inclu- 
sive of the Denco Miniature Dual 
Purpose Green series. At all fre- 
quencies a satisfactory "dip" was 
observed and the frequency ranges 
actually measured indicated very 
low stray capacitances across the 
coils at the high frequency end of 
each range. (The ranges quoted by 
Denco for these coils assume a mini- 
mum tuning capacitance, including 
capacitance due to trimmer and 
wiring strays, of 39pF). The signal 
generator was set to give its full 
output at all frequencies and, in 
most cases, the dip obtained brought 
the microammeter needle to zero 
or to very nearly a zero reading. 
All frequencies could be satisfac- 
torily determined by observing the 
meter reading. 

WHITE ROSE' MOBILE RALLY 
The 'White Rose' Mobile Rally, organised by the Pudsey and District Radio Club, will be held on Sunday, 27th 

July, 1969, at Allerton Girls' High School, Leeds. Talk-in stations will be operating on 2 and 160 metre bands. 
The Rally will feature a large number of trade stands, refreshment facilities, a raffle with attractive prizes and 
items of interest to XYL's and harmonics. Ample car parking space will be available. 

DERBY & DISTRICT 1969 MOBILE RADIO EVENT 
Derby & District Amateur Radio Society will hold their 12th Mobile Radio Event on Sunday, 17th August, 1969, 

at Rykneld School, Bedford Street, Derby. Talk-in stations operating on 2, 4 and 160 metre bands. Admission and 
car parking is free, together with all the entertainment provided. Trade stands, numerous field events in addition 
to the regular events. Refreshment facilities available^ 
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A VOLTAGE TO FREQUENCY CONVERTER IS A CIRCUIT 
which produces an output frequency which 
varies with the voltage applied at its input. 

Voltage to frequency conversion is widely used in 
electronic instruments, such as digital voltmeters, 
and also in electronic control and measurement 
systems in industry. 

The circuit to be described is a very simple one 
which has been designed by the S.G.S. Fairchild 
Company. Although it is ideal for the amateur ex- 
perimenter, it is also likely to be of interest to the 
professional engineer. 

MULTIVIBRATOR 

The type of circuit used to generate the output 
waveform is a normal multivibrator using p.n.p. 
transistors, as shown in Fig. 1. 

This well known type of circuit will, of course, 
produce an output of a rectangular waveform and of 
a frequency determined by the time constants R1C1 
and R2C2. The larger the value of the sum of these 
time constants, the lower the output frequency. 

Fig. 1. A multivibrator using p.n.p. transistors 

In order to alter the frequency of the output wave- 
form, it is necessary to alter the effective time con- 
stants used in the multivibrator. This is achieved 

Simple 

Voltage to Frequency 

Converter 

by 

J. B. DANCE, M.Sc. 

A neat circuit which provides linear change 
of frequency with change of input voltage 

in the circuit to be discussed by employing the input 
voltage to control a pair of transistors which in turn 
control the current available for charging the feed- 
back capacitors of the multivibrator. 

PRACTICAL CIRCUIT 

The practical circuit of the voltage to frequency 
converter is shown in Fig. 2. 

The transistors TR1 and TR4 form the multi- 
vibrator itself; this part of the circuit can be com- 
pared with the simple multivibrator circuit of Fig. 1. 
The input voltage is fed to the bases of the n.p.n. 
transistors TR2 and TR3, and affects their collector 
current. This collector current is taken from the 
capacitors which determine the frequency of the 
multivibrator. 

+9V 

V435 

EA403 EA403 TR4 
V435 

Output 
C2 
11 H 

kn 

T 
kn 

TR3 
C450 

TRo 
C450 

C450,V435 
Lead-outs 

I5kn 5kn 
—9V 

Input 
voltage 
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Fig. 2. A practical voltage to frequency converter 
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As the input voltage applied to TR2 and TR3 
becomes more positive, these transistors tend to pass 
a higher current. Therefore the frequency determin- 
ing capacitors C1 and C2 are discharged more 
quickly and the frequency of the multivibrator in- 
creases. The input voltage should be in the range 
—5V to +5V. 

The frequency of the multivibrator with zero in- 
put voltage can, of course, be set to a suitable value 
for the application concerned by an appropriate 
choice of capacitors (see Table). 

The duty cycle of the output voltage waveform is 
approximately 50%. The output frequency is linearly 
related to the input voltage. 

If good frequency stability is required as the tem- 
perature varies and as the components age, the fre- 
quency determining capacitors marked C1 and C2, 
the 15kQ resistors and the 1 kQ resistors in the 
emitter circuits of TR1 and TR4 should be high 
stability components. 

The writer is indebted to S.G.S. Fairchild Ltd. for 
permission to reproduce their circuit. 

TABLE 
Relationship between capacitor values, output fre- 
quency and frequency coefficient. 

Capacitors C1 
and C2 (p,F) 

Frequency (Yin 
=0) (kHz) 

Frequency 
coefficient 

(kHz per volt) 

0.001 35 3.5 
0.01 3.5 0.35 
0.1 0.35 0.035 
1.0 0.035 0.0035 

10.0 0.0035 0.00035 

Editor's Note 
Transistors type V435 and C450, and diodes type 

EA403, may be obtained from L.S.T. Electronic 
Components Ltd. 

LOCAL RABIO 

DEMONSTRA TION 

Local radio is still in its infancy in this country. Members 
of the public without previous experience of the services 
it can offer were able to evaluate its usefulness during the 
recent 'Daily Mail' Ideal Home Exhibition, at which the 
London 'Evening News' and Pye of Cambridge joined forces 
to stage a complete working studio and control room 

installation 

by 

H. G. MIDDLETON 

except for the absence of a trans- 
mitter. Three rooms were provided 
for the staff; an office, a studio and 
a control room, visitors being allowed 
to see into the latter two through 
thick soundproof windows. The 
studio was occupied by the announ- 
cer or DJ, who was equipped with 
a microphone, two turntables and a 
mixer unit. From here, provided the 

At the ideal home exhibition 
this year, visitors were able to 
see and hear how a local radio 

station operates when they visited 
"Radio Ideal Home", a complete 
demonstration local broadcasting 
station set up by Pye of Cambridge. 

With less than ten local radio 
stations in Great Britain few people 
know what local broadcasting is like, 
and so the exhibition provided an 
ideal opportunity to acquaint the 
general public, especially Londoners 
with the advantages offered by a 
station which can take an interest in 
local affairs. There are of course four 
B.B.C. radio services but, even 
though one of these is transmitted on 
a regional basis, they cannot really be 
classified as anything but national, 
and are thus unable to cater for local 
and more personal needs. 

STATION DETAILS 

The station which Pye and the 
London Evening News put on exhibi- 
tion was complete in most details, 
JULY 1969 
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John Anthony, in the DJ's chair, interviews a visitor to the 
Exhibition 
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Smiles all round in the "Radio Ideal Home" studio as Diana 
Dors and her husband share a gag with DJ John Anthony 

programme material was reasonably 
straightforward, he could virtually 
run the whole station single-handed. 
If, however, he wanted to bring in 
background music, pre-recorded 
spots or interviews, the producer 
would take control from his room, 
issuing all the necessary cueing in- 
structions and operating his own 
mixer. This was only a six-way unit, 
but it could be set up to accept many 
more sources by programming with 

a patch-panel. In this way two addi- 
tional turntables, four tape recorders, 
the DJ's microphone plus the output 
of his mixer, and any interviewers' 
microphones could be routed through 
to what would, in the normal instal- 
lation, be the transmitter. In the case 
of the demonstration station the final 
programme was relayed to loud- 
speakers outside the stand and in the 
exhibition lounge. 

The whole station could be run on 

a skeleton staff of a DJ, a producer 
and one technical/operating assistant, 
but normally there would be an in- 
terviewer, another technical assistant, 
plus several clerical staff and copy- 
writers. 

Radio Ideal Home gave out the 
national news and local news on the 
hour every hour, between which were 
record programmes, live telephone 
interviews with local journalists 
about the news, local traffic and 
weather reports, interviews with 
celebrities invited to the station and 
special announcements about what 
to do and see at the exhibition. There 
were also live programmes on local 
government affairs, local industries 
and schools, together with pro- 
grammes presented by students from 
London University. Special coverage 
of local sport on Saturday afternoons 
was given, and throughout each day 
members of the general public were 
interviewed, each one aspiring to be 
the "Radio Ideal Home Personality 
of the Day" to whom a special award 
was presented. 

THE CASE FOR LOCAL RADIO 

Local radio may be new to Great 
Britain, but it is well established in 
other countries. For instance. New 
York has no less than 60 stations, 
whilst Toronto, Canada, has 14, and 
Sydney, Australia, has eight. The 
latter two cities are only a quarter 
the size of London, but our capital 
has never previously heard what a 
local radio station sounds like. 

Local radio is based on the assump- 
tion that most people live within a 
radius of ten to 15 miles of their 
home town. Their places of work, 
their children's schools and the shops 
they use are all within this area, and 
so a transmitter sited within the 
boundary represents a considerable 
personal boon. Generally, people 
have little or no interest in weather 
or traffic conditions several hundred 
miles away, and all these facts show 
why local radio can give a township 
a sense of more individual identity. 
A typical local radio station is small 
and friendly. It is-closely in touch 
with its listeners and is able to pro- 
vide a completely new focus for com- 
munity and home life. 

The station demonstrated at the 
Ideal Home Exhibition was of great 
value, because it showed those who 
have had no previous encounter with 
local radio just exactly what com- 
munity services such a station can 
provide. Thus, when the subject 
comes up for serious discussion at 
Parliamentary level, more of the 
people whom the decisions will affect 
are able to voice knowledgeable 
opinions and to ensure that there is 
a greater certainty of an informed 
majority being satisfied. 

THE RADIO CONSTRUCTOR 
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George Gilbert of Pye controls sound output level from the 
studio. The six-way mixer beneath the microphone combines with 
a separate patch-panel to take a wide variety of programme inputs 
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Q 

by X 

L. SAXHAM 

(All times GMT) 

A report on the stations - both 
amateur and broadcast - that may 
be logged by the s.w.l. on the 
various short wave bands; com- 
piled by a Dx'er whose QTH is 
located near the S. Suffolk coast. 

• TOPIC 
One of the continuing fascina- 

tions of short wave listening is the 
sudden and unexpected appear- 
ance of a station on what is often 
an unlikely channel. Short wave 
listening, as a hobby, may some- 
times be full of the unexpected. 
Out of the ether sometimes comes 
signals which are mysterious, puzz- 
ling and often incapable of identifi- 
cation. 

Two such instances have oc- 
curred, to the writer, in recent 
times. The first (Mystery 1) was 
that of the appearance of a Broad- 
cast station on a measured fre- 
quency of 5077.5kHz at 1920GMT 
with a SINPO rating of 22432. This 
transmitter was logged, and taped, 
on several occasions during last 
October and, on the 21st of that 
month, African type drums, chants 
and trilling cries were heard 
through the heavy teletype QRM. 
Several attempts were made to 
positively identify this station. Re- 
turning some days later to the 

.same channel produced, apart from 
the teletype transmissions, an 
absolute blank. The sudden appear- 
ance and subsequent disappear- 
ance of this suspected African 
transmitter is unexplained and re- 
mains a complete mystery. Need- 
less to say, the channel has been 
monitored many times since with 
no results. 

Mystery 2, concerns a station 
transmitting on a frequency of 
4695kHz at 2000GMT with a SINPO 
rating of 33333. The station was 
several times heard opening at 
2000 with announcements in a 
Chinese dialect, followed by a 
western type band and choir pre- 
sumably rendering a national song 
or anthem. This was usually fol- 
lowed by a harangue in a Chinese 
dialect with both male and female 
speakers. These transmissions were 
taped and the station was con- 
sistently logged over a period of 
two weeks. The writer has been 
unable to positively identify the 
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taped broadcasts, but suspects 
that the transmitter is located m 
Mongolia with the transmission 
beamed to China. The station was 
logged during May of this year but, 
needless to say, nothing has been 
heard of the transmitter from that 
time to the instant of writing. 

The unexpected? The unex- 
plained? The mysterious? Yes, 
they sometimes occur on the 
Broadcast bands, and the positive 
identification of such transmitters 
often involves long periods of re- 
ception and not a little detective 
work. Would you make a good 
detective? 
O AMATEUR BANDS 

These frequencies have provided 
a whole host of Dx during the past 
weeks, both on CW and SSB. 
21MHz 
CW: C02BB, C02KG, HL0TU/MM, 
HZ4KO, JA1JLL, JA3CNQ, KR8EA, 
ZF1KV, ZL3JO, ZS5UT/MM and 
4Z4NC. 
14MHz 
CW: CE9AT, CR6BX, CX4CO, 
HK7GM, HK7YB, JA4DMB, JA5BXJ, 
KG6AQ, KP4DDO, LU3EJ, LU4ECO, 
OA4ZG, PJ2CB, PZ1AV, VK2HW, 
VK3SR, VK7LJ, XE1AAG, XE10E, 
ZE1DG, ZF1CW, ZL1ATH, ZL41B, 
ZS1 A, ZS6AJS and ZS6HR. 
SSB: CP6GY, CR7DS, EP3AM, 
FP8CS, HC2RZ, HK1XDP, HK3BR, 
HK3UA, HK3WO, HK4AZX, HP1JK, 
KG4AA, KG4AOD, OA1J, OA3TT, 
OA4AS, OA4TJ, OA5AO, PJ3AV, 
TG9EP, TG9GF, TG9RN, VK2SG, 
VK3AKP, VK4HA, VK4KN, VK4KS, 
YS1MAX, ZL1AJU, ZL3TD, 5N2AAU, 
8R1G and 9K2BV. 
7MHz 
CW: C02BB, C02RP, CR6AI, 
HI7JMP, KZ5JQ, LU6FA, PY1KJ, 
PY2BQL, PY2EWL, PY2NE, PY6GS, 
PY7AWE, VE1AWB, VE3BLU, 
VE3DQX, VE7PQ, VK2VN, WA0VYI, 
WA4JHH, WA4PFE, W2JAU, W6GP, 
W6NLZ, W7COB, W7JI1 and ZS3AW, 
1.8MHz 
CW: Ei9GB, GM3WDF, GW3MOP, 
GW3SVY, GW3YGH, GW3XSQ, 
GW5TW, OKI AKG, OK1ARH, 
OK1DAK. OKI FAB, OKI FVV, 
OKI IAR, OKI IPF, OK1 iPF, OKI KZE, 
OK1LD, OKI NO, OK2BJJ, OK2BOL. 
OK2CIM, OK2DW, OK2PCS, OK2ZU, 
OK3CHX, OK3KWK, OL1 AKG, 
OL1ALM, OL2AIO, OL2AKS, 
OK1IAR, OKI IPF, OK1KZE, 
OL6AKP, OL6AMB, OL9AJK, 
OL9AKP, OL9AKT and PA0AHO. 
• BROADCAST BANDS 

Plenty of Broadcast DX was 
there to be heard by those who 
cared to search and 'dig' for it, 
as usual the lower frequency bands 
producing the thrills and spills. 
3225kHz 2010 Radio St. Elwa, 

Liberia, with African choir. CW 
QRM on the channel marred 
reception. 

3336kHz 1810 Ziguinchor, Senegal, 
with a programme of African 
chants. Station announcements 
in French at 1815. CW QRM. 

3339kHz 1920 Zanzibar, Tanzania, 
newscast in dialect. Teletype 
QRM. 

3350kHz 1945 Franceville, Gabon, 
with talk in French. Teletype 
QRM. 

3365kHz 0310 YVPM Tovar, Vene- 
zuala, with Latin-American songs 
and music. 

3380kHz 0305 TGCH Jocatan, 
Guatemala, with Latin-American 
music. 

3385kHz 0302 YVQI Barcelona, 
Venezuala, with programme of 
rhumbas, etc. 

3395kHz 0300 YVOK Merida, Vene- 
zuala, with Latin-American songs 
and station identification. 

4740kHz 0332 HCBK2 Guayaquil, 
Ecuador, Latin-American dance 
music. Tentative logging. Fre- 
quency measured, unable to re- 
solve taped station identification 
at 0330. Power 0.25kW. SINPO 
23432. 

4770kHz 0348 YVQE R. Bolivar 
Venezuala. Station identification 
and 'pop' records. 

4775kHz 1650 AIR Gauhata, India, 
with Eastern type music. Tele- 
type QRM on channel. 

4777kHz 2047 Libreville, Gabon, 
with African rhythmic songs, 
drums and music. 

4792kHz 0430 HIAS Santa Dom- 
ingo, Dominican Republic. Sta- 
tion identification and closing 
with National Anthem. 

4807kHz 2100 R. Clube de Sao 
Tome, with identification in Por- 
tuguese and English. 

4815kHz 2002 Ouagadougou, Upper 
Volta, with programme of record- 
ed light music. 

4839kHz 1955 9RBU Bukavu, 
Congo, with native music and 
sign-off. Heterodyne from CR6RY. 

4840kHz 1958 CR6RY Novo Re- 
dondo, Angola, with commentary 
in Portuguese audible after 
9RBU closes down. 

4960kHz 1725 AIR Delhi, India, 
with Indian type music. 

4990kHz 1720 AIR Delhi, India, 
with Indian songs and sitar 
music. 

5035kHz 2024 Bangui, Central 
African Republic, African drums 
and chants - complete with awe- 
inspiring female shrieks! 

7225kHz 1825 Sebaa-Aioun, Mor- 
occo, with talk in French. 

11920kHz 1745 R. Kuwait, Kuwait, 
radiating their English programme. 

11950kHz 1825 Riyadh, S. Arabia, 
with Arabic songs and music. 

15020kHz 0940 Hanoi, Vietnam, 
with talk in vernacular. 

15060kHz 1315 Peking, China, with 
talk in dialect. 

17795kHz 0540 RSA, South Africa, 
with news in English and identifi- 
cation. 

17870kHz 0515 R. Australia, with 
news in English and identifica- 
tion. 

17905kHz 1640 Cairo, Egypt, with 
Arabic music. ^ 
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NEWS . . . AND . 

HOME RADIO EXPANDS 

■ 

The hosts and all the guests gathered together in the grounds of the Grange 
Restaurant for an after-luncheon photographic record of the occasion 

Twenty-three years ago, using their Service gratuities, 
two brothers. Mr. Alan Sproxton and Mr. Colin Sproxton, 
opened a radio and television shop - 'Home Radio' - 
the name being chosen by their father. The firm, still 
flourishing, has in the last ten years made a significant 
change. Although outwardly still a conventional radio 
and television shop, there has grown up an organisa- 
tion for the sale of electronic components by mail order 
which has made the name Home Radio, and the town 
of Mitcham, known all over the world. The vast increase 
in the volume of mail order business brought many 
problems, the greatest being the need for more space 
in which to stock the many thousands of items offered 
in their well-known and excellently produced catalogue. 

For three and a half years, a search for suitable 
premises was carried out with many consequent dis- 
appointments. Finally, the solution to the problem was 
found only 400 yards away from the original shop in 
London Road - the top floor of a new office block at 
240 London Road, having 2,400 square feet of space. 

To celebrate the opening of the new premises and to 
afford the opportunity to exhibit Messrs. Bulgin's new 
mobile display van, Mr. Sproxton and Mr. Layton (Mr. 
Colin Sproxton retired five years ago, the business now 
being carried on by Mr. Alan Sproxton and Mr. Ernest 
Layton) invited many of their friends from the industry, 
the trade and the radio press to a luncheon at the 
Grange Restaurant and a conducted tour of the new 
premises. Also present was a very old friend of the 
Sproxton family - Mr. B. Mund Hopen from Bergen, 
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Norway, who was in charge of the Norwegian Shipping 
Mission during World War 11. 

In a short after-lunch speech, Mr. Sproxton welcomed 
the guests, thanked them for their attendance and added 
that he hoped they would forgive the digression, but 
as it was St. George's Day, he felt he might be forgiven 
for referring to the last War. In his opinion, three things 
saved our country from defeat - radar, the tenacity and 
courage of the R.A.F., and the Norwegian tanker fleet 
(the third largest in the world) which came over to 
Britain. He ended by proposing a toast to Her Majesty 
the Queen and to the Norwegian Royal Family. 

Mr. Sebystin of Radiospares said how delighted he 
was to be present, and wished Home Radio every 
success. Mr. Hopen thanked Mr. Sproxton for his kind 
remarks and added that he had been living in this 
country for forty years and remarked how happy Nor- 
wegians are when in London. 

Mr. F. Bennet, Editor of Practical Electronics, said 
how well Home Radio had looked after the needs of 
the Amateur Radio hobbyists as a whole. 

Finally, Mr. A. J. Crowe, representing the National 
Publicity Company, said he would like to speak as one 
of the non-V.I.P.'s present, remarking that he had been 
associated with Home Radio for many years and had 
found them such friendly people. This, he added, was 
exemplified by the gathering that day, and he felt in 
view of this they should change their business name 
to 'Homely Radio'! 
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SPEEDREAD DIRECT READ-OUT 
MICROMETER 
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Error is eliminated, and measurement made faster 

by the use of the new direct read-out micrometer made 
by GKN Shardlow Metrology Limited, of Heath 
Street, Smethwick, Warley, Worcs., called Speedread. 

The precise measurement is shown numerically in 
the windows on the barrel of the micrometer; no 
interpretation is required. A conventional vernier scale 
is also incorporated to give measurement to finer limits. 
Use of Speedread in the Metric reading version will 
overcome the problems and errors likely in the change 
to Metric measurement. 

Initially GKN Shardlow Speedread micrometers 
will be available in size 0-1 in. (reading to 0.0001 in.) 
and 0-25 mm. (reading to 0.01 mm., equivalent to 
0.0004in). The direct read-out feature will become pro- 
gressively available throughout the GKN Shardlow 
range of precision measuring instruments. 

THE TELEVISION RECEIVING AERIAL 
"The viewer who was content with a 'soot and 

magenta' picture will not accept a magenta face!" is a 
claim made by Mr. R. S. Roberts, C.Eng., FIBRE, 
Sen. MIEE Consultant, in an article on the TV receiv- 
ing aerial in Bulletin No. 6 published this week by 
the British Bureau of Television Advertising. 

Explaining how even the most expensive system of 
transmission and receiver design can result in poor 
quality pictures with an incorrect type of aerial or one 
which is badly designed, Mr. Roberts describes how 
the advent of colour had resulted in the receiving aerial 
manufacturers agreeing a specification for the per- 
formance of a reasonably priced, easily erected receiv- 
ing aerial. 

Although the UHF aerial looks like a smaller 
version of the familiar Band 3 aerial the design in- 
cludes important differences. Three main requirements 
have to be met. (i) operation must be over a much 
wider band width, (ii) directivity must be unusually 
good, (iii) there must be a large signal voltage to the 
receiver. 

Although deceptively simple in appearance such an 
aerial incorporates considerable technical sophistica- 
tion and should be obtained from a reputable manu- 
facturer, such as a member of the Radio and Electronic 
Component Manufacturers Federation. 

A suitable aerial is about three feet long, weighs 
approximately 16 ounces and is neat and unobtrusive 
in appearance. 

The article describes a special form of wide-band 
aerial for Band 3 which, installed now, will not require 
changing in the future. 

Bulletin No. 6 is available free of charge from the 
British Bureau of Television Advertising, Knighton 
House, 52/66 Mortimer Street, London WIN 7DG, 
telephone 01-63 6 6866. 

. 

crn^ 

"This commentary is coming to you on 100 metres, 
440 metres, 1500 metres and the Marathon"! 

Our General Editor, Frank A. Baldwin (holding 
glass and cigarette), our Advertising Manager, 
O. W. J. Bundle and Mrs. Crowe (wife of Mr. 
A. J. Crowe, National Publicity Company) en- 
gaged in an interesting discussion about 
historic churches, buildings and the work of 
local historical societies, at the Home Radio 

luncheon reported opposite 
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PRINCIPLES OF METAL DETECTION 

PART 2 

by F. L. THURSTON 

In this concluding article our contributor describes the basic operating 
principles of inductance bridge locators, induction balance locators, u.h.f. 

balance locators and transmitter receiver locators 

INDUCTANCE BRIDGE LOCATORS 

AS WITH THE BEAT FREQUENCY METAL DETECTOR 
described in Part 1 of this series, the inductance 
bridge locator also relies on the change in in- 

ductance brought about by a metal target in the 
vicinity of the search coil, but in this case the in- 
ductance change is detected directly in a bridge circuit, 
as shown in Fig. 5(a). Here, the search coil forms one 
arm of an inductance bridge energised by an r.f. 
oscillator; any out-of-balance voltage from the bridge 
(due to a change in search coil inductance) is fed to 
an r.f. amplifier and thence on to a detector circuit, to 
give a final visual indication on a moving coil meter. 

The instrument can be made to give an audible 
indication of balance in a speaker or earphones by 
replacing the meter with a voltage-sensitive audio 
generator, if required. Alternatively, the circuit can be 
modified as in Fig. 5(b), the output of the r.f. amplifier 
being mixed with that of a reference oscillator to pro- 
duce an audio beat note, the amplitude of which will 
vary in proportion to the magnitude of the out-of- 
balance signal from the bridge. Both oscillators are 
crystal controlled, but the frequency of the reference 
oscillator can be varied over a small range (by means 
of a trimmer capacitor) to enable the audio beat note 
to be varied to suit individual requirements. 

The balance of the inductance bridge is not greatly 
affected by ctianges in operating frequency, so that 
the inductance bridge type of instrument has the ad- 
vantage that high search frequencies can be used with- 
out restriction due to drift problems. The design 
criteria of search coll shape and search frequency are 
the same as those of the beat-frequency type of 
locator so that, in the general case, the inductance 
bridge type of locator will give better sensitivity than 
the conventional beat-frequency locator, but will not 
be appreciably better than the frequency-corrected 
locator shown in Fig. 3 of Part 1 in this series. 

The actual bridge circuitry used in the detector can 
take any one of a number of forms, so a few words 
on the general principles of the induction bridge will 
not be out of place at this stage. Fig. 6 (a) illustrates 
the basic circuit on which all inductance bridges are 
based. The bridge can be regarded as two voltage 
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divider networks (Z1 with Z2, and Z3 with Z4) ener- 
gised from a common source of a.c., the output of the 
circuit being taken from the junctions of the upper 
and lower arms of the two dividers. 

Now, the attenuation provided by a voltage divider 
network is dictated by the value of the upper arm 
relative to the value of the lower arm, and not by the 
absolute value of any one component, so it follows 

Zl • Z3 
that, in Fig. 6(a) if the ratio ^ equal to ^4, both 
voltage dividers will give equal attenuation and zero 
difference signal will appear at the output. The bridge 
is then said to be balanced. 

Thus, at balance, 
Zl Z3 

Z2 Z4 
or, put another way, 

Z1.Z4 = 72.73 
The value of any one component can, at balance, be 
expressed in terms of the values of the remaining 
components; thus, 

From the above it should be noted that any arm of the 
bridge can be used to adjust the balance state of the 
circuit, and that any change caused in balance due to 
Z3 can be counteracted by making Z4 adjustable and 
using a fixed ratio voltage divider in the Z1-Z2 
positions. 

A variable inductance bridge can be made by using 
inductors in all four arms of the circuit, but this is 
only rarely done in practice. A more frequent practice 
is to use a transformer to give the voltage divider 
action previously offered by Zl and Z2, as shown in 
Fig. 6(b). This circuit is known as the transformer 
ratio-arm bridge, and has the advantage that it only 
requires the use of two inductors. 

The most widely used type of inductance bridge, 
however, has only one inductor, as shown in Fig. 6(c). 
The principle used here is that, so far as voltage phase 
shifts are concerned, a capacitor can be regarded as a 
negative inductance, so that the phase shifts caused 
in die inductive arms of a bridge can be balanced out 
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Bridge energising 
oscillator (R.F.) 

j— 1 
Inductance 
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t 1 
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Moving 
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(side view) Q 
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Fig. 5(a). Block diagram showing the basic inductance bridge locator 
(b). An inductance bridge locator offering an audio output 

by the opposing arms phase shifts of a capacitor placed 
in the opposite arm. The bridge shown in Fig. 6(c) is 
the Maxwell type, and, at balance, 

L = R1.R2.C1 
The component shown as r in Fig. 6(c) is not a phy- 
sical resistor. Instead it represents the inevitable resis- 

tive component which will be present in the inductor, 
and it is balanced out by R3. At balance 

R1.R2 
r =  

R3 
A simple method of finding R3 is to initially adjust the 

Out 

lOn turns 
Z| 

(=IOxZ2) 

oOuto 

n turns 

*3 

Out 

(a) (b) (c> 

Fig. 6(a). The basic impedance bridge 
(b). The transformer ratio-arm bridge. A 10:1 ratio is assumed 

(c). The Maxwell bridge 
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Fig. 7. Block diagram for the induction balance locator 

bridge for balance (by varying Rl, R2 or Cl) with R3 
inserting a high value of resistance. R3 is then adjust- 
ed, together with small adjustments in the variable 
arm, until the lowest possible null output is obtained. 

All of these bridge circuits can be used in practical 
metal locator circuits. One interesting variation, that 
is believed to be used in the British army, uses a small 
(approximately Sin diameter) coil in each arm of the 
bridge, and these are mounted adjacent to each other, 
in the form of a square, in the search head. When the 
search head is placed centrally over a target, all coils 
change inductance by equal, amounts, so the bridge 
stays in balance; when the search head is placed over 
the edge of a target, the coils change inductance by 
differing amounts, and an output is obtained. This 
instrument is of particular value in tracing the outlines 
of buried targets like mines, and may even respond to 
non-metallic objects, like wood, plastic, bone, etc., due 
to the small changes that these objects can produce in 
the earth's conductivity when buried at shallow 
depths. 

INDUCTION-BALANCE LOCATORS 

Induction-balance locators rely on the "field pattern 
change" principle as the means of target location. The 
block diagram of the basic system is shown in Fig. 7. 
Here, the search head contains three coils, positioned 
vertically one above the other and spaced equal dis- 
tance apart. The two outer coils are energised from a 

common r.f. oscillator, but are connected in anti-phase, 
so that, in the absence of a target, the field of the 
lower (search) coil is nullified by that of the upper 
(balance) coil at a point midway between the two 
coils, and at which the third (received) coil is situated. 
In the presence of a target below the search head, the 
field pattern of the search coil is distorted and the 
balance condition just described is upset, so that an 
r.f. signal is induced in the receiver coil. This signal 
is fed to an a.f. amplifier and detector, to finally give a 
visual indication on a moving coil meter. 

The instrument can, if required, be made to give an 
audible indication of the presence of a target by re- 
placing the meter with a voltage sensitive oscillator 
or by incorporating a b.f .o., as in Fig. 5(b). 

The design criteria of search coil shape and search 
frequency are similar to those of the beat-frequency 
locator, but the operating frequency is not restricted by 
the same drift problems. Consequently, target sensi- 
tivity is usually slightly better than in the case of the 
conventional beat-frequency locator, but not appre- 
ciably better than the frequency corrected type shown 
in Fig. 3 of Part 1. 

In the presence of a metal target, the signal picked 
up by the receiver coil in Fig. 7 comes predominantly 
from the balance coil (in phase with the r.f. oscillator 
signal), but in the presence of a mineral target it comes 
predominantly from the search coil (in anti-phase to 
the oscillator signal). Thus, the receiver signal con- 
tains phase information relating to the nature of the 

U.H.F. oscillator Modulator A.F oscillator 

Search  
dipole 

Receiver 
dipole 

Search  
dipole 

>—wtm. Urnr^—§ 

j—mrJ U.H.F. amplifier A.F. amplifier Detector 

SEARCH HEAD 
top view 
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Fig. 8. A locator which uses a balanced field pattern around u.h.f. dipoles in the search head 
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Fig. 9. The transmitter-receiver locator 

target. This information can, if required, be extracted 
with the aid of synchronous demodulators. 

U.H.F. BALANCE LOCATORS 

U.H.F. balance locators also rely on the "field 
pattern change" principle of target location, but oper- 
ate at ultra-high frequencies. The block diagram of 
the system is shown in Fig. 8. Here, the search head 
contains three inductively loaded dipole antennas, 
mounted side by side and spaced equal distances apart. 
The two outer (search) dipoles are energised from a 
common u.h.f. source that is audio modulated, but 
these dipoles are connected in anti-phase so that, in 
the absence of a target, their field patterns cancel out 
in the central receiver dipole. In the presence of a 
target, the balance of the field patterns are upset and 
a signal is induced into the receiver dipole. This 
signal is first fed to a u.h.f. amplifier and then on to a 
demodulator, and the resulting audio signal is passed 
on to the speaker (or to earphones) to give an audible 
indication of the presence of the target. 

When the search head is placed centrally over the 
target, both field patterns are distorted by equal am- 
ounts, so no signal is injected into the receiver dipole. 
It is only when the two field patterns are altered by 
different amounts that a signal can be injected into the 
receiver and an audio indication given in the speaker. 
Thus, this type of locator is particularly suited to 
finding and tracing the outlines of targets. 

Because of the very high operating frequencies used 
and the inductive loading of the dipoles, the search 
patterns can be affected in a number of different ways, 
including inductive loading by a metal target, signal 
reflection by the target, and signal absorbtion by non- 
metallic targets. This last factor enables local changes 
in the qualities of the ground to be detected, so the 
u.h.f. balance locator has the advantage that it can 
detect the presence of buried rocks, bones, rabbit 
burrows, wood, etc., as well as metal targets. This type 
of detector has been used by the U.S. Army for loc- 
ating metallic and non-metallic (wood or plastic 
cased) mines. 

TRANSMITTER-RECEIVER LOCATORS 

All of the metal locator types that we have con- 
sidered so far have made use of a flat search head 
mounted on the end of a long handle, and are intended 
to be used rather like a broom to "sweep" a search 
area. They can all offer good sensitivity to small tar- 
gets, but they suffer from rather poor depth of pene- 
tration. 

The "transmitter-receiver" locator differs from these 
other instruments in all respects. In appearance it 
resembles a pole with a "black box" mounted on each 
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end. In use, the pole is held centrally in one hand, and 
horizontal to the ground, with each of the "black 
boxes" a foot or two above ground level; the operator 
then simply moves around until a response signal is 
heard, indicating the presence of a metal target some- 
where below the locator. In performance, small-target 
sensitivity is rather poor, but depth df penetration is 
very good; large targets can be located at depths of 
several feet. 

The unit relies on the "reflected energy" principle 
of target location. The block diagram of the locator 
is shown in Fig. 9. Here, two physically separate units 
are used, one of them being a modulated r.f. trans- 
mitter feeding into a vertical loop antenna, and the 
other being a simple r.f. receiver (tuned to the trans- 
mitter frequency) fed from a horizontal loop antenna. 
Thus, the two loop antennas are at right angles to one 
another. 

Now, a loop antenna features a figure-of-eight field 
pattern, with a complete null (zero signal) along the 
axis of the loop and maximum signal strength at right 
angles to the axis, as shown in Fig. 10. In the trans- 
mitter-receiver instrument the receiver antenna is set 
at right angles to, and exactly along the axis of, the 
transmitter antenna, so that zero signal is coupled into 
the receiver antenna directly from the transmitter 
antenna, even though the two antennas may be only a 
few feet apart. 

When a metal target is moved into the field of the 
transmitter antenna, however, the target reflects the 
transmitter signals in all directions from its own posi- 
tion, and these signals are picked up by the receiver, to 
give an audible indication in the speaker or earphones. 

Maximum signal return is given when the target is 
directly below the transmitter antenna, but the target 
must be reasonably large (at least 2in diameter) if it is 
to give any appreciable indication, and, due to the 
shape of the field, must be at least 12in. away from the 
actual antenna. This type of instrument is widely 
used by local authorities for locating underground 
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Fig. 10. The characteristic figure-of-eight field 
pattern given by a loop antenna. 

Note the null on the loop axis 
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pipes and cables, and by geologists for tracing mineral 
veins. 

CONCLUSION 

In this and the preceding article we have looked 
briefly at the operating principles and performance 
characteristics of the five most widely used types of 
metal detecting instruments, and have seen that a high 
degree of sophistication has been attained in this 
particular branch of electronics. It should not be 

thought, however, that these instruments are the only 
types that have been developed, or that the principles 
described are the only ones that can be used for 
locating buried targets. A number of establishments 
are, for example, at the moment experimenting with 
portable sonic and ultra-sonic locator systems that 
rely on the "echo" method of target indication, rather 
like radar, and these show great potential. Much 
progress can be expected in this field within the next 
few years. 

EXHIBITION OF 

ELECTRONIC COMPONENTS 

PARIS 1969 

by 

MAURICE WALTERS 

Highlights of an important international exhibition 

Fx is more than 30 years since the first French 
Exhibition of Electronic Components was held. 
From 1958 the exhibition took on an international 

character and at that time the exhibitors—totalling 
320—including 40 from overseas. Also, at that time, 
the duration of the exhibition was extended from four 
to six days. This year's Electronic Components exhibi- 
tion featured 1,000 exhibitors, nearly half of whom 
were foreign companies. The event is held at the Pare 
des Expositions, Porte de Versailles, Paris, where it 
covers an area of 540,000 square feet. The attendance 
has grown steadily over the years and now stands at 
160,000. 

mm w Ci 
•• a* 

(I! mm 
in/. w 

isi N m W' tS* 
y/i 
m 

m m 
m m SSfe 
SiiS 
Ni m 

ss^ m. m 
w'. 

MSS 
WA 

770 

LECTURE MEETINGS 

Supporting the 1969 exhibition were a number of 
conferences and technical meetings. The topics in- 
cluded television components, electroacoustics, dis- 
crete semiconductors, integrated circuits, measure- 
ments, passive r.l.c. components, switch and connec- 
tion techniques, and the equipment used in the manu- 
facture of components and component materials. 

TRENDS 

Microelectronics have once again this year been 
the star attraction, and the spheres in which they are 
used have broadened considerably, these including 
TV receivers. Receiver tuning circuits incorporating 
variable capacitance diodes are also available. 
Extremely compact and highly reliable rigid or flex- 
ible multi-layer printed circuits were prevalent. 

Optoelectronics were also well to the fore with 
photomultipliers combining a light-sensitive element 
and transistors on one and the same silicon module. 
Colour television also gave rise to a wealth of special 
components and interesting items of equipment. 

AUDIO 

The International Exhibition of Audio Equipment 
was tied in with the actual components show and was 
confined strictly to the products of firms manufactur- 
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ing equipment such as accessories for magnetic record- 
ing, dictating machines, record players, decks, f.m. 
adapters, a.f. preamphfiers, microphones, speakers, 
phones, and speaker enclosures, etc. 

The interest aroused by the Paris Components 
Show is very evident in this view of the 

exhibition building entrance 

(continued on page 780) 
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COMPONENTS 

Plessey Ltd., featured new developments in micro- 
electrics, wound components, switches, memories and 
JULY 1969 

Claimed to be the smallest solid-state oscillo- 
scope of its kind, this Dynamco instrument - 
exhibited at the Paris Component Show - offers 

a bandwidth of 15MHz 



Cover Feature 
MAMMA 

TRANSISTORISED 

REVERSESATION 

UNIT 

by 

R. J. CABORN 

Add a "third dimension" to reproduced music 
with the aid of this simple-to-build reverbera- 
tion unit, which can take its input from 
electric guitars, medium or high impedance 
microphones, or any other normal sound 
source. The output of the unit can feed into 
a standard amplifier or tape recorder, and 
results are particularly impressive when it is 
employed with an electronic organ. Construc- 
tion time is considerably reduced by taking 
advantage of a ready-assembled transistor 

amplifier 

The reverberation unit to be described in this 
article is completely self-contained with its own 
battery, and it may be inserted between any 

normal sound source, such as an electric guitar or a 
microphone of medium or high impedance, and a 
following a.f. amplifier or tape recorder. It offers 
especially impressive results when used with an elec- 
tronic organ. A selector switch enables two rever- 
beration modes to be provided, one consisting of a 
high reverberation signal with a treble effect whilst 
the other consists of a lower, more rounded, tone. 
Reverberation amplitude can be varied by a panel 
control, and a jack socket enables a foot-switch to be 
plugged in which can switch the reverberation in or 
out as desired. 

The unit is built into a metal case which may be 
purchased either plain or with all the major holes 
cut out. Power is provided by a 9-volt PP3 battery. 
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Current consumption for low level inputs is approxi- 
mately 5mA, this rising to some 20 to 30mA on 
sound peaks. To simplify construction, a ready- 
assembled 4-transistor amplifier with an output of 
250mW is incorporated. Two single-transistor pre- 
amplifiers need to be made up by the constructor. 
These are assembled on printed circuit boards which 
are already etched, cut to size and pierced. Also 
required of the constructor is the general assembly of 
the unit, together with the wiring-in of a small 
quantity of resistors and capacitors. 

The heart of the equipment is a reverberation spring 
unit, in which two specially tempered springs are 
coupled to electromagnetic transducers at either end. 
Audio frequency signals induced into the springs by 
the input transducer continue after the activating 
sound has ceased, thereby giving the well-known 
reverberation effect. The reverberation vibrations are 
taken off by the output transducer. 

THE CIRCUIT 

The complete circuit of the reverberation unit 
appears in Fig. 1. Here, the input signal is applied 
to either jack socket J1 or J2, it then passing via 
volume control VR1 and capacitor C1 to the base of 
the 2N4061 transistor, TR1. TR1 and its immediate 
base, emitter and collector components are fitted to 
a printed circuit board, as indicated by the dashed 
line which encloses them. This is identified as the 
"input pre-amplifier board". (Dashed line borders are 
used in Fig. 1 merely to show that the components 
enclosed appear in single units; the dashed lines are 
not intended to indicate the presence of a screen.) 

TR1 is the input pre-amplifier transistor and its 
output passes via C3 and R6 to two separate sections 
of the "Eagle" EG2004 amplifier. The latter is a 
standard ready-built amplifier assembled on its own 
printed circuit board. In normal usage, the EG2004 
amplifier would have the output of the first 2SB54 
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transistor coupled to the second 2SB54 transistor by 
way of an external volume control, this connecting 
to the amplifier board at its positive supply rail and 
at the points indicated "A" and "B" in the diagram. 
In the present application there is no external coupling 
between points "A" and "B", whereupon the EG2004 
board provides a single-transistor amplifier (the first 
2SB54) and a separate power amplifier (the second 
2SB54 and the two output 2SB56's). Note that this 
alternative use of the EG2004 amplifier involves no 
modification to its printed a.f. circuitry whatsoever. 
All that is done is to make different connections to the 
flying leads which are already fitted for connection to 
an external volume control. 

The EG2004 also has an auxiliary input point which 
couples to the collector of the first 2SB54 via a 5/xF 
capacitor. This input circuit is not employed for the 
present application and is not shown in Fig. 1. 

Returning to the output from TR1 it may now be 
seen that it passes, by way of the potentiometer given 
by R7 and RIO, to the base circuit of the first 2SB54. 

Input pre-amp 
board 

Reverb pre-atnp 
board 

r 
Reverb 
selector "14 

C6 C3 R Ri2 
II \h-WM-rWM-i  

C4 TR-, I Foot-switch TR I 2 vR en 8 2N406II Jaf k 2N406I Reverb 
R? C7 

"15 Cs 
1 1 
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220n 
ww- black 2SB56 5kn B-okn 
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Fig. 1. The complete diagram of the reverberation unit 
773 



6BA clearance 

3/4" BACK PANEL 

-4V8"- 

r 
i'/S 

1/4"— 

! 
3/4" 

TOP PANEL 
1 

L- 

SLOPING PANEL 

4-holes 6BA clearance 
to suit EG 2004 amplifier 

6BA clearance 

u -|5, P/S- 

3/8"dia 

  
F 

— iVa" ■ ■ r^4*-—Ite' 

-X X 

74 

,3/4" ji/2"L -|3/4"- 
— 2"  

^/B^dia 

d'— 

0—© 

FRONT PANEL 

0 

-i'/S" 

X - drill 6BA clearance to suit switches 4 holes ^/Id^dia 

— 'M" 
(to suit 
spring 
assemblyO 

7] 
1V2" 

2'/a" 

Fig. 2. The metal case is available in plain or finished versions. If the plain case is obtained it 
should be drilled and cut out as shown here 

The amplified signal at the collector of this transistor 
is then passed to jack socket J4, which provides the 
composite output for the whole reverberation unit. 
At the same time the output from TR1 also passes, by 
way of the potentiometer formed by R8 and R9, to 
the base of the second 2SB54 transistor. This drives 
the two output 2SB56's, allowing a finally amplified 
signal, at 8f2 impedance, to be provided at the second- 
ary of the EG2004 output transformer for application 
to the input terminals of the reverberation spring unit. 

The output terminals of the reverberation spring unit 
connect to chassis and to C4 (the two points designated 
"X" are connected together). The reverberation signal 
is then applied to transistor TR2 which is also fitted, 
together with its base, emitter and collector com- 
ponents, to a printed circuit board. The latter is the 
"reverberation pre-amplifier board". The amplified 
signal at the collector of TR2 next passes, via C6, to 
the reverberation control VR2, the slider of which 
couples back, by way of R11, to the input circuit of 
the first 2SB54 transistor in the EG2004 amplifier. 

The functioning of the overall circuit may now be 
summarised in the following manner. The input signal 

is amplified by TR1 and then passes through the 
second section of the EG2004 amplifier, the reverbera- 
tion spring unit and TR2. In company with the ampli- 
fied input signal at TR1 collector, the reverberation 
signal is then applied to the first 2SB54 of the EG2004 
amplifier and thence to the output jack socket. Thus, 
the output consists of the input signal plus reverbera- 
tion. The signal level fed into the whole system, in- 
cluding the reverberation spring unit, is controlled by 
volume control VR1. The level of the reverberation 
signal is controlled by VR2. 

Two additional controls have yet to be dealt with. 
The function of selector switch SI is to vary the 
reverberation effect, and it provides a lower, more 
rounded, tone when it switches C7 into circuit. An 
optional foot-switch may, if desired, be plugged into 
jack socket J3. When the foot-switch is closed the re- 
verberation channel is short-circuited and the input 
signal appears at the output jack socket without rever- 
beration. 

As a final point, it may be noted that the input 
signal from jack sockets J1 and J2 passes to the slider 
of volume control VR1 rather than, as in the more 

774 THE RADIO CONSTRUCTOR 



COMPONENTS 

T ransistors 
TR1 2N4061 
TR2 2N4061 

Sockets 
J1-J4 Jack sockets 

Switches 
51 2-pole 2-way slide switch (see text) 
52 2-pole 2-way slide switch (see text) 

Resistors 
(All fixed values i watt 5 %) 
R1 33kn 
R2 62kn 
R3 10kn 
R4 3.9kn 
R5 IkO 
R6 22kn 
R7 22kfi 
R8 4.7kn 
R9 IkO 
RIO 56kfl 
Rll 22kn 
R12 62kQ 
R13 lOkQ 
R14 3.9ka 
R15 lkt2 
R16 4.7kQ 
VR1 lOOkfi potentiometer, linear (see 

text) 
VR2 1 OOkn potentiometer, linear (see 

text) 

Capacitors 
(Electrolytic capacitor voltage ratings are 
minimum figures—higher ratings may be 
used, if desired) 
C1 10/xF electrolytic, 4V wkg. 
C2 125/rF electrolytic, 4V wkg. 
C3 10/xF electrolytic, 10V wkg. 
C4 10/xF electrolytic, 4V wkg. 
C5 125pF electrolytic, 4V wkg. 
C6 0.001 //.F, paper or plastic foil 
C7 0.022/iF, paper or plastic foil 
C8 1 25/j,F electrolytic, 12V wkg. 

usual type of volume control circuit, to the upper end 
of its track (whereupon C1 would connect to the 
slider). This method of connecting the volume control 
is adopted because it has been found to accept a wider 
variety of signal sources and offers a smoother control 
of gain. It should be pointed out, however, that input 
signals coupled to jack socket J1 are short-circuited 
when VR1 is set to minimum volume, whereupon it is 
recommended that the outputs of amplifiers or tape 
recorders, etc., be plugged into jack socket J2 rather 
than into Jl. Electric guitars may be plugged into 
whichever socket gives better results. Low level signals, 
such as those offered by microphones, should be 
applied to Jl. 

COMPONENTS 

All the specialised components and assemblies may 
be obtained from Wilsic Electronics, Ltd., 6 Copley 
Road, Doncaster, these including the reverberation 
spring unit, the pre-amplifier printed circuit boards 
and the EG2004 amplifier. 

The metal case is available in one of two versions. 
It can be purchased in undrilled form from H. L. 
Smith & Co., Ltd., 287 Edgware Road, London W.2, 
as a standard "U" type instrument case with sloping 
front measuring 9} by 7i by 3iin. This is then drilled 
JULY 1969 

Battery 
B1 9-volt battery type PP3 (Ever Ready) 

Reverberation Unit 
1 Spring reverberation unit 
(Wilsic Electronics, Ltd.) 

Printed Circuit Boards 
2 Printed circuit boards 
(Wilsic Electronics, Ltd.) 

Amplifier 
1 Amplifier type EG2004 (Eagle) 

Miscellaneous 
1 Metal case and base plate (see text) 
1 plastic insulating sheet, 8 x l|in. (Wilsic 
Electronics, Ltd.) 
2 knobs 
1 Battery mounting clip (Wilsic Electronics, 
Ltd.) 
1 3-way tagstrip, centre tag earthed 
1 5-way tagstrip, centre tag earthed 
4 rubber feet 
Wire, screws, nuts, washers, etc. 

and cut out as shown in Fig. 2. Alternatively, it may 
be obtained completely punched and drilled (with the 
exception of eight 6BA clearance holes) and with all 
legends printed on the panel, from Wilsic Electronics. 
This is the case which appears in the cover photograph. 
Wilsic Electronics, it may be added, will also supply 
a complete kit of parts for the unit. 

The eight holes just mentioned may be identified in 
Fig. 2, and comprise four for the EG2004 amplifier 
and four for the two switches. These should be marked 
out from the amplifier and switches themselves. There 
are two reasons for this course. Firstly, the hole 
positioning on some amplifier boards tends to vary 
slightly, and it is necessary to ensure that the mounting 
holes in the panel coincide exactly with those in the 
amplifier board to be used or the latter may be strained 
when the mounting screws are tightened. Secondly, if 
the switch holes are drilled by the constructor it is 
possible for a wider range of switch types to be incor- 
porated. (Wilsic Electronics will drill the eight holes 
for readers purchasing the complete kit, if requested.) 

Two tagstrips are needed in the assembly of the 
unit. These are 3-way and 5-way respectively, with 
the centre tag on both providing a mounting earth lug. 
The two potentiometers, VR1 and VR2, have metal 
cases. This is necessary because the two tagstrips are 
mounted by soldering their earth lugs to the backs of 
these potentiometers. 
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Wire soldered 
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Bare tinned copper 

Fig. 3. Main assembly and wiring diagram 

No battery connection clips are required, as these 
are an integral part of the EG2004 amplifier. It will 
be noted from Fig. 1 that the on-off switch, S2, is 
coupled into the EG2004 amplifier, and that the con- 
nections to this amplifier enable S2 to control the 
supply to the circuits external to the amplifier as well. 

Although Fig. 1 shows both SI and S2 as single- 
pole switches, double-pole switches are listed in the 
Components List. This is because no economic saving 
is given in practice by employing single-pole switches. 
Also, the use of a double-pole switch for SI enables 
a spare tag on its unused pole to be employed as an 
anchor tag in the wiring. If the ready-drilled case is 
employed, the switches should preferably be obtained 
from Wilsic Electronics, in order to ensure that the 
slide slot dimensions agree. 

CONSTRUCTION 

The construction of the unit will next be described. 
For ease of reference the individual steps are num- 
bered. 

1. Commence by trimming |in. off each end of the 
reverberation spring unit base so that it will fit into 
the instrument case under the top panel surface in the 
position shown in Fig. 3. Only a very small amount of 
metal needs to be removed. 

2. If the undrilled "U" case from H. L. Smith & Co. 
has been obtained, drill and cut it out to the dimen- 
sions given in Fig. 2. Should the case from Wilsic 
Electronics have been obtained, this is ready for use 
without any further metalwork apart from drilling, if 
necessary, the eight 6BA clearance holes mentioned 
earher. 
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3. Using 6BA screws and nuts, fit the reverberation 
spring unit in the case, with its input and output 
terminals taking up the positions shown in Fig. 3. It 
will be helpful to use long screws (around |in.) for this 
operation. It should be mentioned at this stage that it 
is preferable that plain washers be fitted under all 
screw heads in this and later steps, together with shake- 
proof washers under the nuts. 

4. Mount the two slide switches, SI and S2, using 
6BA screws and nuts. 

5. Mount the four jack sockets to the front panel, 
with tags facing outwards away from the sloping panel 
underside. This is for ease of soldering later. Bush 
spacing,washers may be fitted, as desired, on the inside 
of the panel. 

6. After having first cut off their locating lugs, fit 
the two potentiometers, VR1 and VR2, so that their 
tags point towards the jack socket panel. See Fig. 3. 

7. Thread a length of 22 s.w.g. bare tinned copper 
wire through the jack socket earth tags (i.e. the tags 
which connect to the jack plug sleeve), press down 
the tags to prevent them touching the baseplate when 
it is later fitted, and solder at all four tags. This wire 
forms the main earth bus bar. 

8. Using bare tinned copper wire, connect together 
the earthy end of VR2 track (See Fig. 3) and the bus 
bar. 

9. Using bare tinned copper wire, connect together 
the metal case of VR1, the earthy end of its track 
(see Fig. 3) and the bus bar. 

10. Fit and solder R2, R3, R4, R5, C2 and TR1 to 
the input pre amplifier board, as illustrated in Fig. 4(a), 
which shows the component side of the board. 
Similarly fit and solder R12, R13, R14, R15, C5 and 
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TR2. to the reverberation pre-amplifier board. Both 
boards are identical, with R2 having the same value as 
R12 and so on. The boards are not mounted into posi- 
tion yet, and further connections will later be made at 
the unused holes. 

11. Take the Eagle EG2004 amplifier board and 
modify it in the following manner. First, transfer the 
yellow output lead to the 812 connection so that both 
yellow and black output leads are at the outside holes 
at the output end of the amplifier board, and are 
soldered to the adjacent sections of the copper print. 
Remove the white auxiliary input lead and re- 
connect it at the same circuit point as the black battery 
lead. The EG2004 amplifier leads should now be as 
shown in Fig. 5. 

12. Place the white plastic sheet over the rear 
surface of the sloping panel where the printed circuit 
boards will later be mounted (see Fig. 6). This sheet 
provides insulation from the panel surface. Make 
holes in the sheet with any sharp instrument to enable 
mounting screws to pass through. Note, at this stage, 
that "spikey" solder joints or projecting wire ends on 
the undersides of the printed circuit boards need to be 
rounded over to obviate the risk of their piercing the 
plastic sheet. 

13. Using four 6BA screws and nuts, mount the 
EG2004 amplifier with the orientation shown in Fig. 
3. Support it at each corner with a rubber washer made 
by cutting a grommet in half. Each of these washers 
passes over the 6BA screw between the plastic sheet 
and the copper side of the board. The washers pre- 
vent distortion of the board when the screws are 
tightened. Do not over-tighten the screws. 

14. Following Fig. 3, connect the following leads 
from the EG2004 amplifier, shortening as necessary. 
Blue lead to the rear tag of jack socket J4, two brown 
leads to switch SI, and output leads (black and yellow) 
to the input terminals of the spring unit. 

15. Solder R16 and C8 to the 3-way tagstrip, then 
solder the centre lug of the tagstrip to the top rear 
of VR1 metal case. The resultant assembly appears 
as shown in Fig. 7(a). 

16. Returning to Fig. 3, fit R1 between J1 and J2 
rear tags. Then, using flexible p.v.c. wire, connect J1 
rear tag to the slider of volume control VR1. Press 
down the jack socket tags before soldering, to prevent 
them touching the baseplate when it is fitted later. 

17. Also as in Fig. 3, and shortening as necessary, 
connect one black lead from the EG2004 amplifier to 
the earth bus bar. Connect the other black lead from 
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the amplifier to the earthy output terminal of the 
spring unit. This is the terminal which is already con- 
nected to the spring unit case. 

18. Solder the centre lug of the 5-way tagstrip to the 
top rear of VR2 metal case, as in Fig. 7(b). It takes 
up a similar position on the potentiometer case as does 
the 3-way tagstrip illustrated in Fig. 7(a). The com- 
ponents shown in Fig 7(b) are not fitted yet. 

19. Following Fig. 3, and shortening as necessary, 
connect the white lead (repositioned in Step 11) from 
the EG2004 amplifier to the 3-way tagstrip. 

20. Take up the reverberation pre-amplifier board 
(already partly assembled in Step 10) and, fitting 
sleeving over the capacitor lead-outs, connect to it 
one end of C6, the negative end of C4, a 3in. red p.v.c. 
flexible wire, and a 9in. black p.v.c. flexible wire.These 
connections are illustrated in Fig. 4(b). The capacitor 
lead-out dimensions shown in this diagram are in- 
tended merely as a guide, and need only be followed 
approximately. 

21. Mount the reverberation pre-amplifier board, 
with C5 nearest the spring unit as in Fig. 3, using a 
single 6BA screw and nut. Fit a half-grommet for 
spacing, as with the EG2004 amplifier. 

22. Fitting sleeving- over the lead-outs, connect the 
positive end of €4 to the non-earthy output terminal 
of the spring unit, and connect the free end of C6 to 
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3 red 

T 
3/4 

l/„" I'M C6 

9 black 

(b) 

Fig. 4(a). Component side of the input 
pre-amplifier and reverberation pre-amplifier 
boards. Both boards are identical. The com- 
ponent references in brackets apply to the 

reverberation pre-amplifier board 
(b). Adding external components and wiring 

to the reverberation pre-amplifier board 
(c). The external components and wiring fitted 

to the input pre-amplifier board 

the non-earthy end of VR2 track. See Fig. 3. At the 
same time and again fitting sleeving, connect C7 be- 
tween the same tag of VR2 and the rear centre tag 
of SI. Also, and using flexible p.v.c. wire, connect the 
same tag of VR2 to the rear tag of J3. 

23. Take up the input pre-amplifier board (already 
partly assembled in Step 10) and, fitting sleeving over 
the capacitor lead-outs, connect to it the negative end 

black 
white 

White lead removed 
from here 

red green blue 

b ack 

black 

; 

green 
Driver transformer 

White lead re-fitted here 

To battery connector 

brown 

black 

Black and 
.yellow leads 

r 
yellow 

Output transformer 

Fig. 5. The connections to the Eagle EG2004 
amplifier after it has been prepared lor instal- 

lation in the reverberation unit 
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EG2004 amplifier 
\ 

Reverb boards 
r^} 

(§) 
[] [] 

/ 
Input board Plastic Insulating sheet 

(below boards) 
Fig. 6. The plastic insulating sheet is positioned under the boards in the manner shown here 

of Cl, the negative end of C3, a Bin. red p.v.c. flexible 
wire and a 6in. black p.v.c. flexible wire. These con- 
nections are illustrated in Fig. 4(c). The capacitor lead- 
out dimensions shown are merely intended as a guide 
and need only be followed approximately. 

24. Mount the input pre amplifier board, with C2 
nearest the spring unit as shown in Fig. 3, using a 
single 6BA screw and nut. Fit a half-grommet for 
spacing, as with the previous boards. 

25. Fitting sleeving over its lead-out, connect the 
positive end of Cl to an unused front tag of SI as 
shown in Fig. 3, and run a flexible p.v.c. wire from 

Centre lug soldered 
to potentiometer case 

VRI | lU-Q-Ppj 
-Potentiometer tags 

Potentiometer tags 

Side view 

(a) 

Centre lug soldered 
to potentiometer 
case Rll VR 

f 

(b) 
Fig. 7. Wiring and mounting details for (a) the 

3-way tagstrip and (b) the 5-way tagstrip 
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this tag to the non-earthy end of VRI track. The tag 
on SI is used merely as an anchor point and does 
not enter the circuit. t 

26. Connect the black leads from the two pre- 
amplifier boards to the 3-way tagstrip, as in Fig. 3. 

27. Connect the red leads from the two pre-ampli- 
fier boards to the left-hand rear tag of SI, as in Fig. 3, 
and connect this tag to the earth bus bar with bare 
tinned copper wire. 

28. Fit R6, R7, R8, R9, RIO and Rll to the 5-way 
tagstrip and VR2, as shown in Fig. 7(b). Solder only 
at the three tags indicated in this diagram. 

29. Shortening as necessary, and following Fig. 3 
carefully, connect the two green leads from the 
EG2004 amplifier to the 5-way tagstrip. Also, connect 
the positive end of C3 to this tagstrip. All the un- 
soldered connections on the 5-way tagstrip may now 
be soldered. 

30. Using two short 6BA screws, mount the battery 
clip to the back of the case. 

31. Fit knobs to VRI and VR2. 
32. Check that all jack socket tags are pressed 

down and will clear the baseplate when this is fitted. 

4 holes '/8"dia 

Centre lug soldered to 
potentiometer case 

Soldered in step 28 

3/4" 

' J —3/4 1—3/4^ 

Fig. 8. Four holes are drilled in the base plate 
for the rubber feet 
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33. Drill a -Jin. hole in each corner of the base plate, 
as in Fig. 8, Mount four rubber feet with self-tapping 
screws to these holes. 

34. Check all wiring for obvious faults or short- 
circuits, then fit the battery into its clip and the battery 
connector to its terminals. Fit the base plate with the 
aid of two self-tapping screws passed through the 
sides of the case. 

The reverberation unit is now complete. 

OPERATION 

The reverberation unit may next be tested. Feed in 
a suitable signal, such as a microphone to jack socket 
Jl, and connect the output from J4 to an amplifier or 
tape recorder. With a low level signal the volume con- 
trol may be set fairly high, the reverberation then 
being introduced by turning the reverberation control 
clockwise. Actuate SI to obtain the different reverbera- 
tion modes. A little experience with the unit soon 
enables the user to familiarise himself with the con- 
trols. 

If desired, the unit may be powered by a battery 

eliminator, such as the Eagle LA9P. In this case, a 
mains hum may be apparent, whereupon it is necessary 
to add extra bypass capacitance across the supply rails. 
Two 250/iF electrolytic capacitors are sufficient and 
they may be wired to the 3-way tagstrip. Their nega- 
tive lead-outs connect to the ends of R16 and their 
positive lead-outs to the centre tag. 

When mains powered, the EG2004 amplifier may 
tend to overload. This effect can easily be overcome 
by removing RS and R9 from the 5-way tagstrip, and 
fitting a lOkO skeleton preset potentiometer between 
the centre earthed tag and the junction of R7 and R6. 
Connect the slider of the potentiometer to the green 
lead from the EG2004 amplifier which previously 
connected to the junction of R8 and R9. Adjust the 
potentiometer so that the input to the amplifier is 
sufficiently reduced for the distortion to clear. 

If the unit, either mains or battery powered, is fed 
with high level signals such as those from radio tuners, 
etc., use input jack J2 and reduce the volume control 
setting if distortion of the reverberation signal occurs. 

EXHIBITION OF ELECTRONIC 
COMPONENTS — PARIS 1969 

(continued from page 771) 

fluidics. Among their range integrated circuits was 
the ML 150 series of analogue switches including 
matched combinations of 6 p-channel enhancement 
mode MOS transistors. MOS driver circuits and 
MOS shift registers were also shown. The Plessey 
microswitch units featured three new products. 
Plessey also exhibited wound components for colour 
and monochrome TV sets, scanning assemblies for 

m 

% 

m ■: i 

Si 

I 

A display of the tubes exhibited by 
English Electric Valve Company 
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professional and industrial use and a range of centri- 
fugal type switches and solenoids. 

A. B. Electronic Components, Ltd., of Glamorgan, 
exhibited potentiometers, rotary switches, connectors 
and microcircuits, all of these being new. Adcola 
exhibited their "R" series of soldering irons, which 
have angled heads to allow good visibility of the 
work and precise control of the bit. G. T. Schjeldahl 
Company, of Bracknell, Berkshire, exhibited a range 
of laminates consisting of various weights of copper 
on substrates of polyester, glass epoxy and polyo- 
mide. Also on display was a do-it-yourself kit for 
producing flexible printed circuits. 

Per rant i exhibits included their Micro-E micro- 
miniature diodes and n.p.n./p.n.p. plastic encapsu- 
lated transistors for use on both thin and thick film 
circuits. A new deflection coil on show had a 47 mm 
minimum bore that permits the magnetic axis to be 
aligned with the tube's electron beam axis and is 
for use with any high-resolution system. Marconi- 
Elliott exhibited their ranges of integrated circuits 
whilst AE1 Semiconductors had three working dis- 
plays and a range of their discrete semiconductor 
devices on display. The Valve Division of EMI 
Electronics was showing a wide range of special 
valves and tubes which included the recently intro- 
duced Jin, and lin. all-electrostatic vidicons, together 
with a selection of photo-multiplier and cathode ray 
tubes. New products on show for the first time in- 
cluded a 3-stage magnetically focussed image intensi- 
fier, a miniature 13 mm diameter all-electrostatic 
vidicon camera tube and the Prinlicon all-electro- 
static monoscope tube for the generation of alpha- 
numeric characters for data display units. Another 
feature consisted of two solid-state radiation detec- 
tors. 

Multicore Solders were at Paris again this year and 
exhibited their range of products including Ersin 
Multicore solder and Extrusol—the latter being the 
first oxide-free high-purity extruded solder intended 
specifically for printed circuit soldering machines. 

Electrolube displayed their electrical contact lubri- 
cants and freezer, and Venner Electronics displayed 
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for the first time their new 12.5MHz frequency 
counter/timer TSA 6635. This piece of equipment 
makes extensive use of both printed circuit boards 
and microcircuits, and is basically a 5-digit counter 
that can measure from d.c. to 12.5MHz. Marconi 
Instruments exhibited two high-performance digital 
voltmeters and a low-cost double-pulse generator. 
Dynamco showed a new model in their range of 
digital voltmeters and an oscilloscope that is said to 
be the smallest solid-state oscilloscope of its kind 
with a 15 MHz bandwidth. It is priced at £355 or, if 
you prefer it in dollars, $930. Eight ITT components 
and instrument organisations came together on a 
single stand and showed components, sub-assemblies 
and instruments from their 38 factories in Europe 

in addition to some specialised components from 
their American plants. Exhibits included rectifiers, 
electron tubes, thermistors, switches and piezoelectric 
elements. 

BSR Limited exhibited their full range of record 
changers including the C109 with tubular arm, and 
the C110. The C109 replaces the UA25 and has a 
4-speed changer. Type C110 is a 4-speed changer 
featuring a polished aluminium pickup arm with a 
cartridge shell accepting mono or stereo cartridges and 
incorporating a finger lift. Other models on display 
included the MA65, MA70 and MA75 record 
changers. 

NEW U.H.F. TRANSMITTER FOR LONDON 

Two very high powered u.h.f. television transmitting systems were recently installed in London by The Marconi 
Company, a member of GEC-Marconi Electronics Limited, to put BBC-1 on the air in colour, and also to improve the 
reception of BBC-2. The equipment will feed two separate 80 kilowatt television signals and associated sound 
signals to a single aerial at Crystal Palace. These transmitters will provide both BBC-1 and BBC-2 colour signals 
for the London area. 

The Marconi equipment is worth nearly million, one of the largest orders ever placed for equipment at a 
single u.h.f. television transmitter station. Four 40 kilowatt transmitters with associated sound transmitters will 
be employed in groups of two, operating in parallel, to give two 80 kilowatt vision signal outputs. Marconi engineers 
are carrying out the installation. The existing pair of Marconi 25 kilowatt transmitters will be moved to Divis, to 
put BBC-1 on u.h.f. in Northern Ireland. 

At Crystal Palace, existing buildings have been extended to accommodate the new 40 kW transmitters. For 
this power these are among the smallest ever designed, and can be accommodated in a working area of 730 
square feet. Already Marconi have supplied, or hold orders for, 29 u.h.f. transmitters for the BBC, eight of which 
are duplicated equipments operated in parallel. 

These very powerful transmitters are among the most advanced ever designed for television operation. All of 
the video, sound and radio frequency circuitry is solid-state, apart from the massive vapour-cooled output klys- 
trons, made by the English Electric Valve Company, and an intermediate valve amplifier. In addition, a unique 
diode modulation system produces the highest quality linear modulation - an essential for colour operation. 

FUNCTION-CODE FOR SGS INTEGRATED CIRCUITS 

In order to make device designations more descriptive, SGS (United Kingdom) Ltd. revised the coding system 
for its professional range of integrated circuits. The change, which took effect from 1st April, 1969, applies to 
all devices except certain long-established circuits. 

The new code is fundamentally a four-character system, consisting of a letter and three digits, which readily 
indicates the basic identifying information: device family and function. The letter indicates the family; the three 
digits the function. 

Supplementary information, comprising type of package, temperature range and any possible performance 
variation, is shown by additional single-character suffixes: a letter for type of package; a figure for temperature 
range; and, where necessary, a final letter for performance variation. 

Thus variants of a device keep the same type indication and their differences are indicated by a maximum of 
only three suffixes. 

Exceptions to the new coding system are the 930 series DTL, 900 series RTL, and Counting Logic, plus the 
linear circuits /iA702, 709, 710 and 711. All other devices have been re-coded and their associate data sheets are 
being revised and reprinted. 
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THE MIIMISCOPE 

This small instrument, 3in. x 4in. x 5in., is fitted with a 1-inch c.r.t. and enables traces to be 
examined in the alignment and repair of radio receivers and amplifiers. The small size has 
been achieved by the omission of some of the circuits normally associated with oscilloscopes 
and by the inclusion of an extremely simple timebase. The Y amplifier has a response from 
5Hz to 150kHz ± 3dB, the useful response including 465kHz. 2V peak-to-peak input at OdB 
attenuation fills the screen from top to bottom. The timebase generator provides sweeps from 
30Hz to 150Hz. There is also an X input for examination of Lissajous figures. 

ALSO 

★ TRANSISTOR AMPLIFIER FOR BATTERY OR MAINS 
This high-efficiency low-distortion transformerless audio amplifier can be used either as a 
2-watt battery-operated circuit with low standby current running from an 18-volt supply, or 
as a 4-watt mains amplifier operated from a 24-volt supply. For many purposes it is suitable 
for use without a pre-amplifier. 

★ THE KANGAROO RADIOGRAM 
This ingenious design consists of a record player and a medium and long wave receiver 
combined in a single cabinet. The receiver section may be removed, if desired, and operated 
on its own as a completely separate portable receiver. 

ON SALE AUGUST 1st 

THE RADIO CONSTRUCTOR 



Scottish Insurance Corporation Ltd 

66-67 CORNHILL • LONDON ECS 

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 
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UNDERSTANDING 

CRYSTAL FILTERS 

f= 
ZttVLC 

by IV, G, Motley 

QUARTZ CRYSTAL FUNDAMENTALS 

IN LAST MONTH'S ISSUE WE COMPLETED OUR DISCUS- 
sion of the beat frequency oscillator. We then 
turned to the question of i.f. selectivity in com- 

munications receivers, and pointed out that a number 
of circuit devices are employed in such receivers to 
provide a level of selectivity which is greater than 
can be achieved with i.f. transformer tuned circuits 
on their own. In the small amount of space available, 
brief details were then given of a very simple a.f. 
filter. This consisted of a tuned circuit resonant at an 
audio frequency and was intended for connection 
between any two a.f. amplifying stages. It caused 
greatest amplification to be given to detected a.f. 
signals at its resonant frequency and could therefore 
be employed, during reception of a c.w. signal, to 
reduce the amplitude of interfering c.w. signals 
having frequencies close to that of the desired signal. 

We next turn our attention to more sophisticated 
circuit devices, one of the most important of these 
being the crystal i.f. filter. However, we have not yet 
introduced crystals (of the type that are employed for 
filters) in this series of articles, and it is essential to 
understand how these work before we can appreciate 
the functioning of the crystal filter. In consequence, 
this month's article must be devoted to the funda- 
mentals of crystal operation, after which we shall 
see, in next month's issue, how the crystal is em- 
ployed for improving receiver selectivity. 

Metal plates 

Crystal^ 

To terminals 

Fig. 1. A commonly employed type of crystal 
assembly 

PIEZOELECTRICITY 

Certain crystalline substances, such as Rochelle 
salt and natural quartz, exhibit what is described as 
the piezoelectric effect.1 If pressure is applied in cer- 
tain directions to a piece of piezoelectric material, 
opposite electric charges appear on opposite surfaces 
of the material. Should these surfaces be connected 
together by a high impedance external circuit, a cur- 
rent will then flow in that circuit. 

A simple way of explaining this phenomenon is to 
initially look upon the basic crystal structure as con- 
sisting of ions which are formed up in the charac- 
teristic lattice pattern for the particular crystalline 
material. Each ion has either a positive or a negative 
charge and, when the crystal is in its normal un- 
stressed state, the positive and negative ions cancel 
each other out, whereupon the total structure is elec- 
trically neutral. In a piezoelectric crystal, the ions 
can be displaced along some of the lattice axes more 
readily than along others. Thus, if external pressure 
is applied to a piece of piezoelectric crystalline 
material in the requisite direction, the resultant dis- 
placement of ions results in a condition of unbalance, 
with an excess of negative ions appearing at one 

1. The first part of the term "piezoelectric" derives from the Greek 
piezein, "to press". 

Z axis 

Yaxis 
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Xaxis 

Fig. 2 A crystal of quartz, illustrating the X, Y 
and Z axes 
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R 

Fig. 3. The equivalent electrical circuit for a 
crystal 

surface and an excess of positive ions at the opposite 
surface. 

The reverse process also takes place. If an e.m.f. 
is applied to the two surfaces of the piece of material 
it changes shape. This change of shape is due to re- 
positioning of ions in the crystalline structure in 
order to counteract the effect of the applied e.m.f. 

Both of these effects are widely exploited in elec- 
tronic devices. For instance, crystal microphones and 
crystal gramophone pick-ups take advantage of the 
first effect by changing mechanical energy (the 
physical movement of the microphone diaphragm or 
pick-up stylus) to corresponding electrical energy. 
Conversely, crystal earphones and crystal loudspeakers 
convert electrical energy to sound energy. 

Like other hard substances, crystals exhibit 
mechanical resonances, and it is this property which 
is of interest to us in our present discussion. It is 
possible to cut slices from a crystal of piezoelectric 
material which are so dimensioned that they exhibit 
mechanical resonance at frequencies in the r.f. range. 
Since the frequency of mechanical resonance is 
dependent upon the physical dimensions of each slice 
so obtained, it follows that the stability of that fre- 
quency will be exceptionally high. This point is put 
to use in practice by employing crystal slices to con- 
trol the frequency of transmitters and other equip- 
ment where it is important that a high degree of 
frequency stability is maintained. 

The faces of the crystal slice are parallel and, in 
one form of assembly, the slice is positioned between 
two flat metal plates in the manner shown ia Fig. 1. 
The plates connect to an external circuit which acti- 
vates the slice. In some versions of this assembly, a 
very small air gap is allowed to exist between the 
plates and the slice. Alternatively the electrodes may 
consist of metal films (frequently gold) deposited on 
the faces of the slice. Here, connection is made to 
the metallising by thin wires at nodal points (i.e. at 
points where there is minimum mechanical vibration 
of the crystal slice). The crystal slice and its elec- 
trodes, either plates or metallising, are then mounted 
in an insulated housing having external terminals, 
the latter usually consisting of pins which enable the 
assembly to be plugged into a suitable socket. 
Housings encountered in practice range from simple 
bakelite containers to evacuated glass envelopes (the 
latter being used for crystal slices with metallised 
electrodes only). In electronic work the assembly of 
crystal slice, electrodes and container is referred to 
as a "crystal". The electrodes and the housing form 
the "crystal holder". 
JULY 1969 

Series Parallel 
resonant resqnant 
frequency frequency 

Impedance 

O 

Frequency 
Fig. 4. This curve illustrates the changes in 
impedance presented by a crystal at the 
series resonant and parallel resonant fre- 

quencies 

Crystals of the type which we have just discussed 
employ slices cut from natural mined quartz. They 
are then ground to the dimensions which correspond 
to the specific resonance frequencies required. The 
other piezoelectric materials, notably Rochelle salt, 
appear in the crystal microphones, pick-ups, ear- 
phones and loudspeakers mentioned earlier. 

A quartz crystal, when properly formed, has a 
six-sided body with sundry facets at points where 
one surface changes to another. The piezoelectric 
effect of a slice taken from the crystal varies to some 
extent according to the plane in the crystal at which 
the slice is cut. The crystal is stated to have three 
axes; one, the Z axis, passing through its length, and 
the two remaining axes, the X and Y axes, passing 
through its body. See Fig. 2. The X and Y axes are 
at right angles to the Z axis. The presence of the 
three axes enables the plane of slices cut from the 
crystal to be precisely defined. Two fairly commonly 
encountered planes of cut are the X cut and the Y cut, 
these terms applying to slices whose surfaces are per- 
pendicular to the X and Y axes respectively. More 
recently introduced crystal cuts include the AT cut, 
the BT cut and the GT cut. These are cuts whose 
planes have a specifically defined angular relationship 
with respect to the X, Y and Z axes, and they offer 
a better performance than do the X and Y cuts in 
terms of frequency stability with change in tempera- 
ture. 

The resonant frequency of a crystal slice increases 
as the thickness of the slice decreases. The maximum 
frequency of a crystal is, in consequence, limited by 
the thinness to which the slice can be ground before 
it becomes too fragile to be used. The frequency/ 
thickness relationship varies with different cuts, with 
the result that some cuts can operate at higher fre- 
quencies than others. 

Before concluding on this particular subject it 
should be mentioned that, for operation at frequen- 
cies below some 500kc/s, a crystal bar is frequently 
employed instead of a slice. The principle of opera- 
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tion is the same as for the slice and the bar is 
mounted between two metal plates, or has metallising 
applied to form the electrodes. 

EQUIVALENT CIRCUIT 

The equivalent electrical circuit for a crystal (i.e. 
a crystal slice mounted in a holder) is shown in Fig. 
3. As may be seen, the circuit comprises an inductor 

HT+ 

Output 

Crystal 47 kn 

HT+ 
47 ko 

OOOIpF Output 

Crystal 

47kn 

(b) 

22kn 

Crystal: 

C| 1 
20pF"~ 

T 

x 

C2* ^47 R.F choke 
iOOpF "J* ^kn 2-5 mH 

47kn 

C3 
OOluF 

Output 

(c) 

Fig. 5. Three commonly encountered crystal 
controlled oscillator circuits, with representa- 
tive component values where these are of 
importance in circuit operation. The oscillator 
in (a) is basically a tuned anode-tuned grid 
type, whilst those in (b) and (c) are derived 

from the Colpitts oscillator 

L, in series with a resistor R and a capacitor C, to- 
gether with a second capacitor, Ch, across the three. 
The inductor L and capacitor C represent the elec- 
trical analogy for the mechanical resonant behaviour 
of the crystal slice on its own, and resistor R repre- 
sents the resistance of the slice to vibration. Capaci- 
tor Ch is the capacitance between the two plates of 
the holder between which the crystal slice is posi- 
tioned. 

A crystal has two resonant frequencies, and this 
point may be explained by referring to Fig. 3. The 
lower is the series resonant frequency and is given 
by L and C operating as a series tuned circuit. At 
the series resonant frequency the only impedance 
offered by the crystal is that due to R which can, 
typically, be of the order of lkf2 to 2 kn. The other 
resonant frequency is the parallel resonant frequency 
and is given by the combination of L and C in 
parallel with Ch. Since, in this second case, the 
actual capacitance across L is now C in series with 
Ch, and since this must obviously be smaller than C 
on its own, the parallel resonant frequency is higher 
than the series resonant frequency. The difference 
between the two frequencies is small and, for a 
typical practical crystal, can be less than 0.1% of the 
series or parallel resonant frequency. The series 
resonant frequency is fixed by the dimensions of the 
crystal slice and cannot be altered. On the other 
hand, the parallel resonant frequency can be adjusted 
over a very small range by connecting external 
capacitance across Ch. 

A curve illustrating crystal performance at the two 
resonant frequencies appears in Fig. 4. Initially, a 
pronounced dip in the curve illustrates the very sharp 
fall in impedance presented by the crystal at the 
series resonant frequency. There is, then, a similarly 
sharp rise in impedance at the parallel resonant fre- 
quency. Both the dip and the peak are extremely 
pronounced and correspond to a very high value of 
Q in the equivalent tuned circuit of Fig. 3. Indeed, 
the performance of a crystal in this respect is com- 
parable with that of a tuned circuit having a Q one 
hundred or more times greater than can be achieved 
with the most efficient of physical inductors and 
capacitors. 

■HT+ crystal controlled oscillators 
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A crystal provides an excellent means of control- 
ling the frequency of an oscillator. For this applica- 
tion it is used at its parallel resonant frequency, 
whereupon it may be looked upon as though it were 
a parallel tuned circuit. A typical application is given 
in Fig. 5(a), in which the crystal appears in the grid 
circuit of what is basically a tuned anode-tuned grid 
oscillator. Feedback from the anode circuit to the 
grid circuit is by way of the internal capacitance 
between these two electrodes in the valve. The 
nominal resonant frequency of the anode tuned cir- 
cuit is the same as that of the crystal.2 

Another circuit is shown in Fig. 5(b), this being 
commonly referred to as the "Pierce oscillator" cir- 
cuit. The circuit is based on the conventional Col- 
pitts oscillator, in which the anode and grid couple 
to opposite ends of a parallel tuned circuit with a 

2. Actually, the anode tuned circuit is made resonant at a frequency 
slightly higher than crystal frequency, this being necessary in order 
that the correct phase relationship for feedback can be obtained. 
The frequency of oscillation is still, nevertheless, controlled by the 
crystal. 
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cathode "tap" into the tuned circuit capacitance. 
Here, the crystal takes the place of the parallel tuned 
circuit, the requisite capacitances to cathode being 
given by the inter-electrode capacitances in the valve 
plus stray wiring capacitances. (The 0.001/xF capacitor 
in series with the crystal is included for isolating pur- 
poses only, and has no effect on the r.f. operation of 
the circuit.) The oscillator of Fig. 5(b) has the advant- 
age that no tuned circuit has to be set up; it is 
merely necessary to plug in the crystal whereupon the 
circuit oscillates at its parallel resonant frequency. 

, Another Colpitts circuit is shown in Fig. 5(c). This 
time there are two physical capacitors, C1 and C2, to 
provide the cathode "tap". The screen-grid of-the 
valve functions as an anode and is coupled to chassis 
via C3 which has negligible reactance at radio fre- 
quencies. In consequence, the screen-grid (acting as 
an anode) couples to one terminal of the crystal 
whilst the control grid couples to the other, as is 
required of a Colpitts oscillator. The oscillator out- 
put is taken from the anode. A resistor appears in the 
anode circuit in Fig. 5(c), but a parallel tuned circuit 
resonant at crystal frequency could also be used. The 
circuit of Fig. 5(c) has the advantage that harmonics 
of crystal frequency appear at the anode at good 

strength, and this feature is of advantage in many 
applications. If a particular harmonic is required, the 
parallel tuned circuit in the anode circuit could be 
tuned to that harmonic. 

In Figs. 5(a) and (b) a small variable capacitor with 
a maximum value of some 50pF or so may be con- 
nected across the crystal to provide frequency varia- 
tion over a limited range. In Fig. 5(c)- Cl may be 
made variable to provide a similar type of control. 
None of the circuits requires a series grid capacitor, 
as the function of this component is carried out by 
the internal capacitance in the crystal. In all these 
oscillator circuits it is important that the oscillations 
produced be at a relatively low power. If the ampli- 
tude of crystal oscillation is too high the crystal slice 
may suffer excessive rise in temperature or may even 
shatter due to its internal vibration. 

NEXT MONTH 

In next month's issue we shall return to the i.f. 
stages of the superhet and see how crystal filters may 
be employed to increase their selectivity. 
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44 T 55 INTONED DICK BITTERLY, 
"am rapidly entering the 

-L lists of the broken men." 
Daintily, Smithy flicked a shred of 

sardine from his overall jacket then 
continued to munch at his lunch-time 
sandwiches. 

"And," accused Dick, "it's all your 
fault." 

The Serviceman's Adam's apple 
ascended and descended, covering an 
alarmingly extended distance, as he 
swallowed a prodigious mouthful of 
bread, butter and sardine. Hastily, he 
grabbed his tin mug and took an 
enormous draught of its contents in 
order to speed the masticated mass 
on its way. 
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Probably the only feline quality in Smithy's assistant, Dick, 
is his curiosity, but he tends to exhibit that characteristic 
at an exceptionally advanced level, in last month's episode, 
Smithy aroused Dick's curiosity to an almost intolerable 
degree by referring, without explanation, to circular oscillo- 
scope traces, and the Serviceman now takes advantage of 
a convenient lunch-break to explain just exactly how such 

traces are formed 

"Watching you eat," commented 
Dick dispassionately, "is enough to 
put any normal person off food for 
the rest of his life." 

"Then don't," returned Smithy 
irritably, "keep on looking at me. In 
any case, what's all this moaning 
about your being a broken man?" 

"It's a result," explained Dick, "of 
what you told me at the end of the 
last gen-session we had together." 

THE MAGIC CIRCLE 

"Oh yes," remarked Smithy 
vaguely, as he picked up the final' 
sandwich from the package on his 
bench, "and what was that?" 

"If you remember," said Dick, "we 
were talking about using an oscillo- 
scope without the usual horizontal 
timebase. Instead, the input signals 
are applied directly to the X and Y 
deflector plates of its c.r.t., or to 
those plates by way of suitable X and 
Y amplifiers. At that time, you 
showed me that if two sine waves of 
equal frequency and amplitude, and 
exactly in phase with each other, are 
fed to the X and Y plates respec- 
tively, the resultant trace is a straight 
line running from top right to bot- 
tom left. Also, that if the two signals 
are exactly 180° out of phase the 

straight line runs from top left to 
bottom right." 

"I remember that now," replied 
Smithy. "Incidentally, Dick, you 
should also mention that the lines 
run in the directions you've just 
stated when the input signals are 
applied so that the right hand X 
plate corresponds to the top Y plate. 
Now let me think back a bit more. 
Ah yes, I also recall that I demon- 
strated that, if the signal applied to 
the Y plates has greater amplitude 
than that applied to the X plates, 
the resulting line has an angle to the 
horizontal of greater than 45°. And', 
further, that if the amplitude of the 
signal applied to the X plates was 
greater, the line had an angle to the 
horizontal of less than 45°." 

Smithy chewed ruminatively at his 
sandwich. 

"All this," he resumed "assumes, 
of course, that the deflector plates all 
have equal deflection sensitivities. 
When you're dealing with traces like 
this from the theoretical point of 
view, it's always helpful to make 
that assumption at the start. In prac- 
tice it will usually be necessary to 
insert one or more attenuators be- 
tween the input signals and the 
deflector plates to get what is effec- 
tively the same thing." 
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of 180°, I next asked you what hap- 
pened when the signals were out of 
phase by 90°. Whereupon you came 
out with what, to my mind, is the 
quite incredible pronouncement that 
the oscilloscope tube displays a 
circle!" 

"Which," pronounced Smithy, "is 
completely true. Indeed, if the X and 
Y deflection fields are exactly at right 
angleSjig each other, the trace given 
by the' two 90° signals is a perfect 
circle." 

Dick cast a tormented glance at 
the Serviceman. 

"I just," he wailed despairingly, 
"don't get it. Ever since you made 
that statement I've been racking my 
brains to see how on earth you can 
get a trace which consists of a circle. 
I've been puzzling my head over it 
in bed, even. Dash it all, Smithy, I've 
started having nightmares about that 
flaming circle!" 

"It looks," chuckled Smithy, "as 
though I'd better put you out of your 
misery and show you how that circle 
really is produced. Incidentally, this 
should be an interesting exercise be- 
cause it will enable you to pick up a 
bit of basic gen concerning sine 
waves as well. If, therefore you'll be 
good enough to get me a spot more 
tea, I'll proceed to raise the veil from 
that circular oscilloscope trace." 

Eagerly, Dick took Smithy's mug 
to the Workshop teapot for replenish- 
ment. At the same time, the Service- 
man gulped down the last of his 
sandwich, then pulled his note-pad 
towards him and started to sketch 
out a diagram on it. 

"Well now," said Smithy, after 
Dick had returned and settled down 
alongside him. "I'll follow the same 
procedure as I did last time, and I'll 
draw the X input sine wave above 
the tube screen and the Y input sine 
wave on the right. Don't forget that 
both these sine waves are at the same 
frequency and have equal amplitude. 
Then, I'll next take corresponding 
points along the sine waves and draw 
vertical or horizontal lines from them 
into the tube screen, whereupon the 
point at which each set of lines 
crosses gives the position of the re- 
sultant spot on the c.r.t. screen. 
Okay?" 

"Definitely," said Dick warmly. 
"I'm just dying to get to grips with 
this circular trace mystery!" 

"Fair enotigh," replied Smithy. 
"The first point I'll choose on both 
sine waves is at A, (Fig. 1(a)). On the 
top sine wave this occurs at the point 
where the waveform is just going 
through zero volts. We'll assume that 
the right hand sine wave is leading, 
with a phase difference of 90°, where- 

"Right," said Dick briskly. "Now, 
let's get down to what's been worry- 
ing me ever since. After we'd dealt 
with signals which are in phase and 
with signals having a phase difference 
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Fig. 1(a). Plotting corresponding points along two sine waves 
90° out of phase, in order to determine the resultant display 

produced on a c.r.t. screen 
(b). Completing the process over the second half-cycle of the 

waveforms 
(c). The points in the c.r.t. screen trace out a circle 
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Fig. 2. By inspection, the four radii in the circle are equal in 
length and are at right angles to each other 

upon the corresponding point A 
appears at its positive peak. If we 
draw lines into the tube screen we 
will then find that the resultant spot 
A on the screen is in the middle 
horizontally, and is as high as it can 
go vertically. We'll follow this with 
points B, C and D in order, putting 
D at the positive peak of the top sine 
wave. The corresponding point D on 
the right hand sine wave is at the 
point where the waveform passes 
through zero voltage. Points B and 
C are the same distance along both 
waveforms, as measured along the 
zero voltage lines." 

Gravely, Smithy drew in the points 
he had referred to. 

"Ill carry on," he continued, 
"through three more points, these 
being E, F and G. G is at the point 
in the top sine wave where it passes 
through zero voltage and, because 
of the 90° phase difference, it is at 
the negative peak of the right hand 
sine wave. There we are—that's got 
all the points from A to G drawn 
in. Now, what do you think of 
that?" 

Smithy turned and beamed at his 
assistant. That worthy looked at 
Smithy's sketch suspiciously. 

"Well?" queried Smithy. 
"So far as I can see," complained 

Dick, "all you've obtained is a 
series of dots on the screen which 
go out to the right and then come 
back in again. What do they prove?" 

"That series of dots," returned 
Smithy irately, "traces out a semi- 
circle." 

"Does it?" said Dick, in a tone 
which betrayed an utter lack of con- 
viction. "I thought you were going 
to show me how to get the complete 
circle." 

"Very well, then," snorted Smithy. 
"If you're not going to be satisfied 
with half a circle I'll give you a full 
darned circle! The series of dots 
we've already produced represents 
the half circle resulting from a half- 
cycle of the two sine waves. I'll now 
continue the process by plotting a 
second set of dots for the next half- 
cycle, and I'll call these H, I, J, K 
and L. Notice, incidentally, that 
point J is at the negative peak for 
the top sine wave and is therefore 
at zero voltage for the right hand 
sine wave." 

Smithy's ruler clattered once more 
over his note-pad as he plotted the 
new set of points for the second 
half-cycle. (Fig. 1(b)). When these 
were finished he triumphantly drew 
a circle through them. (Fig. 1c)). 

"Are you," he queried, "satisfied 
nowT' 

"I'll agree," said Dick reluctantly, 
"that what you've just done is very 
impressive and that the resulting 
trace certainly has the appearance 
of a circle. But how can you be 
certain that it's a true circle?" 

"It's bound to be," retorted 
Smithy heatedly. "You've got two 
sine waves displaced in phase by 
JULY 1969 

90° and they're applied to two sets 
of deflector plates positioned physi- 
cally at right angles to each other. 
The result must be a true circle." 

"Why must it be?" persisted Dick 
doggedly. "For instance, how do 
you know that, assuming it had a 
centre, all the radiuses to the cir- 
cumference are equal?" 

"The plural of 'radius'," said the 
pedantic Smithy, "is 'radii'." 

"Well," continued Dick, firmly 
maintaining his position, "all the 
radii, then." 

"Do you," asked Smithy in his 
turn, "know why a sine wave is so 
called?" 

"Not really." 
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Fig. 3(a). In this circle, radius PR rotates anti-clockwise at 
constant angular velocity 

(b). Plotting the height of R along a linear axis produces the 
cycle shown on the right 

(c). By dropping a perpendicular from R to PQ, it can be 
demonstrated that the height of R is proportional to the sine 

of the angle between PR and PQ 
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"Fair enough," commented the 
Serviceman. "In that case we'll next 
have a dig at some elementary a.c. 
theory, after which I'll be in a better 
position to convince you that the 
trace really is circular. At this stage, 
though, we can at least establish 
that there are four equal radii in 
this trace of ours. I'll draw in the 
two lines AG and ID and we'll 
identify the point at which they 
cross as O. (Fig. 2). Are you with 
me so far?" 

"I think so," said Dick dubiously. 
"Good," replied Smithy. "Now, 

line ID corresponds to two points 
of zero voltage in the right hand 
sine wave, and so it must be hori- 
zontal. Similarly, line AG corre- 
sponds to two points of zero voltage 
in the top sine wave so this must 
be vertical. In consequence, lines ID 
and AG must be at right angles to 
each other." 

"I'll give you that," conceded 
Dick. 

"Simple inspection," Smithy went 
on, "also shows that point O corre- 
sponds to zero voltage on both sine 
waves. Whereupon both the lines 
OA and OG are equal in length to 
the zero-to-peak voltage of the right 
hand sine wave whilst both the lines 
OI and OD are equal in length to 
the zero-to-peak voltage of the top 
sine wave. Since both sine waves are 
equal in amplitude, it follows that 
all the four lines OA, OG, OI and 
OD are equal in length, whereupon 
they become four equal radii inside 
what you continue to maintain is 
not a true circle." 

Dick looked impressed. 
"I must say," he remarked, "that 

you've got a very good point there. 
What about radii going out to points 
in the circle between A, D, (5 and 
J?" 

BASIC SINE WAVE 

"To find out about them," said 
Smithy, "we next take a short shufti 

at the elementary bit of a.c. theory 
1 mentioned a few moments ago." 

Smithy returned to his note-pad 
and drew a further sketch on it. 
(Fig. 3(a)). 

"Here," he announced, "we have 
a circle, and inside that circle we 
have a radius which rotates anti- 
clockwise at a uniform angular 
velocity. In oher words it rotates 
around the centre at a constant 
speed, and is similar to a spoke on 
a wheel which is likewise turning 
at a constant speed. I'll call the 
centre of the circle P and I've 
drawn in a horizontal radius, PQ, 
for reference purposes. The rotating 
radius is PR. Now, as the radius 
rotates, the angle between PR and 
PQ starts from zero degrees, goes 
through 90°, 180° and 270° until it 
reaches 360°, which is the same as 
the starting position. When the 
radius has gone through 360° we 
say that it has completed a cycle." 

"Rather," commented Dick, "like 
a sine wave." 

"It's very much like a sine wave," 
replied Smithy, "as you'll see in half 
a jiffy. What I'm next going to do 
is to draw a horizontal axis alongside 
that circle and number it off from 
zero to 360, whereupon it corre- 
sponds to the number of degrees in 
the circle. After that, I'll draw a 
curve along that axis which corre- 
sponds in height to the extreme end 
of the radius as it rotates in the 
circle, each point in the curve corre- 
sponding, along the zero to 360° 
axis, to the number of degrees in 
the angle between PR and PQ. And 
here it is!" (Fig. 3(b)). 

"That curve looks," stated Dick, 
"quite a bit like a sine wave." 

"It's exactly a sine wave," pro- 
nounced Smithy, "and I'll now ex- 
plain why. If I draw a line from 
point R perpendicular to PQ I have 
a right-angled triangle. (Fig. 3(c)). In 
that triangle, what's the sine of the 
angle between PR and PQ?" 

Dick looked baffled. 
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Fig. 4. This diagram illustrates that the trace produced in Fig. 1 
is truly circular 

"How d'you mean?" he asked. 
"Positive or negative?" 

"Not positive or negative, you 
great twit," expostulated Smithy. 
"The sine, like you get in trigonom- 
etry." 

Dick thought for a moment, and 
his lips moved as though he were 
silently reciting a mystic incanta- 
tion. 

"Why," he said brightly, "it will 
be the perpendicular divided by the 
hypotenuse. And the hypotenuse 
will, in this case, be the radius PR." 

"Blimey," said Smithy, startled. 
"I didn't think you'd give me as 
quick an answer as that." 

"I've got brains I haven't even 
used yet," boasted Dick. "If you did 
but know it, I often get the old trig 
tables out when I feel like a spot 
of light reading." 

Smithy shot a suspicious glance 
at his assistant, but forebore to make 
any further comment. 

"We are now," he said, returning 
to his theme, "nearly at the end of 
this little diversion with the circle 
and the rotating radius. And we 
have produced an equation which 
states that the height of the perpen- 
dicular divided by the length of the 
rotating radius, PR, is equal to the 
sine of the angle between PR and 
PQ. If, in this equation, we take the 
radius over to the other side we 
can next say that the height of the 
perpendicular is equal to the radius 
multiplied by the sine of the angle. 
Since the radius is constant at all 
angles it follows that the height of 
the perpendicular is proportional to 
the sine of the angle." 

A sudden gleam of understanding 
blazed in Dick's eyes. 

"Hell's teeth," he exclaimed, "I've 
just seen what it is you're driving at, 
Smithy. The amplitude of any point 
on that cycle you drew along the 
horizontal axis is equal to the height 
of the perpendicular. It follows from 
this that the amplitude of any point 
in that cycle is proportional to the 
sine of the angle it corresponds to." 

"Precisely," confirmed Smithy, 
"So let's take an overall look at 
what we've just learned. To start off 
with, we divide a cycle into 360 
degrees. If, then, the instantaneous 
amplitude of all points in the cycle 
under consideration is proportional 
to the sine of the corresponding 
angle, we say that the cycle is a 
sine wave. The cycle I drew along- 
side the circle is obviously a sine 
wave because it meets this require- 
ment. This exercise with the circle 
also illustrates why the sine wave is 
such a fundamental concept in elec- 
tronics. The sine wave is equivalent 
to pure circular motion." 

"Stap me," said Dick. "I've been 
talking about sine waves as being 
'pure waves' for years up to now, 
but I've never realised before why 
they are so pure!" 

"Well, you do now," commented 
Smithy. "So let's return to our cir- 
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Fig. 5. A circular timebase. The reactance of C must be equal 
to R, and the input must be a pure sine wave 

cular trace on the oscilloscope 
screen. We've already seen that this 
has the four equal radii, OA, OD, 
OG and OJ. Let's take a radius to 
point B, which I drew in earlier, 
then draw a line from B perpendic- 
ular to OA and meeting it at point 
M. (Fig. 4). What's the length of 
the line BM?" 

"Humph," said Dick, stroking his 
chin reflectively. "It's possible to say 
it's equal to two things. First of all, 
and working directly from the 
triangle BOM, you can say that it's 
equal to OB multiplied by the sine 
of the angle between OB and OA. 
And, secondly, you can say it's 
equal to the amplitude of the top 
sine wave at point B." 

"Which," put in Smithy quickly, 
"is proportional to the sine of the 
angle along the sine wave, from zero 
to 360°, at which point B appears. 
Both these factors agree with each 
other if we state the obvious truth 
that the angle between OA and OB 
is equal to the angle along the sine 
wave at which point B appears, 
whereupon the radius OB must be 
equal to any of the other equal 
radii we have already established in 
the circle. We can clinch the argu- 
ment by repeating the process with 
point B on the right-hand sine wave, 
whereupon we have to drop a per- 
pendicular from B to OD. We then 
use the same procedure, but we have 
tq remember that the angle whose 
sine we are now concerned with is 
that between OJ and OB. This is 
because of the 90° phase difference 
between the two sine waves." 

ELLIPTICAL TRACES 

."You've convinced me," grinned 
Dick. "I need no further persuasion 
whatsoever to be quite certain that 
the trace on the c.r.t. screen is a 
true circle!" 

"Good show," chuckled Smithy. 
"Speaking off the record I wasn't 
at all surprised when you initially 
found the formation of that circul- 
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lar trace very difficult to accept. The 
concept is by no means easy to 
understand and I haven't encoun- 
tered a text-book yet which, apart 
from stating baldly that a circular 
trace is produced under the circum- 
stances, explains why it is produced 
and why it is circular. Incidentally, 
there is a very simple timebase cir- 
cuit which produces that circular 
waveform, and all it comprises are 
a capacitor and a resistor plus a 
source of sine wave a.c. (Fig. 5). 
When the reactance of the capacitor 
at the frequency of the applied sine 
wave is equal to the resistance of 
the resistor — that is, when „ K 

Zttic 
is equal to R—you then get a circu- 
lar trace. This is because the voltage 
across the capacitor, which is applied 
to the Y plates, is 90° out of phase 
with that across the resistor, which 
is applied to the X plates. The ad- 
vantage of this timebase is that the 
c.r.t. spot travels continually around 
the circle without any flyback, as 
occurs with normal horiajntal time- 
bases. By modulating t^e beam in 
intensity or deflection, the trace can 
then be used to continually illustrate 
the effects given by higher frequen- 
cies." 

How," asked Dick, "do you 
modulate the beam intensity?" 

"By applying a modulating volt- 
age to the tube grid or cathode." 

"And the deflection?" 
"By modulating the e.h.t. voltage 

applied to the c.r.t. final anode. As 
the e.h.t. voltage drops the deflection 
efficiency increases, giving the 
'blooming' effect that we get in TV 
receivers. If the modulating fre- 
quency is an exact multiple of the 
circular timebase frequency you get 
a cog-wheel trace like this. (Fig. 6). 
The number of 'teeth' in the cog- 
wheel tells you the ratio between the 
two frequencies." 

"Blow me," exclaimed Dick en- 
thusiastically, "that's neat! But let's 
get on next to phase differences 
other than 90°. What sort of trace 
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Fig. 6. The trace obtained 
by modulating a circular 
trace by a frequency which 
is a multiple of trace fre- 
quency. The modulating 
signal varies deflection sen- 

sitivity 

do you get for phase differences be- 
tween zero and 90°?" 

"You get an ellipse," replied 
Smithy. "Which is to be expected 
since the trace shape will lie between 
the straight line given for zero phase 
difference and the circle given by 
90° phase difference. Actually, you 
can draw a little family of traces, 
working from zero to 180° phase 
difference. (Fig. 7(a)). Starting at 
zero phase difference you have the 
sloping line. This then breaks into 
an ellipse whose major axis slopes 
in the same direction as the straight 
line for phase differences up to 90°. 
At 90° we have the circle, after 
which we go into an ellipse sloping 
the other way, and we eventually 
get the straight line again at 180°." 

"Hang on a minute!" interrupted 
Dick. "You haven't said anything 
about whether one of the signals is 
leading or lagging. Won't that affect 
the slope of the ellipse at 45° and 
135°?" 

"In point of fact, it doesn't," re- 
plied Smithy. "To show you what I 
mean, let's go through the traces 
for phase differences from 180° to 
360°. (Fig. 7(b)). We once more go 
from a straight line through an 
ellipse to the circle at 270°, after 
which we get a further ellipse and 
go back to the original straight line 
at 360°. The ellipse for 315° is, for 
instance, the same as that for 45°, 
and it follows that you'll get the 
same ellipse slope for any particular 
phase difference, regardless of which 
signal is leading or lagging." 

APPLICATIONS 

Dick absorbed this information. 
A sudden thought struck him. 

"What," he asked, "can you use 
phase difference measuraments for 
in practice?" 

"There are quite a few laboratory 
applications," replied Smithy. "So 
far as our rather more mundane 
field of work is concerned, an oscil- 
loscope connected up in the manner 
we've been discussing can be very 
useful for measuring phase shift in 
an a.f. amplifier. What we do here 
is to couple one set of deflector 

plates to the amplifier output and 
the other to the output of a sine 
wave a.f. generator, which also feeds 
into the amplifier input. (Fig. 8). 
There is almost certain to be negli- 
ble phase shift in the amplifier at 
mid-frequencies around 500Hz or so, 
and so we initially set up the signal 
generator to that frequency. We 
then adjust the signal generator out- 
put and the input attenuator to the 
a.f. amplifier so as to get a nice 
straight line on the c.r.t. screen 
sloping at 45°. All that is needed 
after that is to swing the frequency 
of the a.f. generator above and 
below the mid-frequency until the 
straight line breaks into an ellipse. 
This indicates the frequency at 
which phase shift in the amplifier is 
starting to occur. The phase shift is 
90° when the ellipse becomes a 
circle. Should it be possible to get 
180° phase shift in the particular 
amplifier being examined, this will 
be indicated by a straight line slop- 
ing in the opposite direction to the 
original one." 

"That sounds quite a fascinating 
procedure to me," remarked Dick. 
"Wait a minute, though. I've just 
thought of a snag!" 

"What's that?" 
"Well," said Dick, "you set up 

everything so that you get a straight 
line at mid-frequencies, this line 
sloping at 45° and corresponding 
to equal input amplitudes to the X 
and Y plates. What happens if, 
when you get to the frequency 
which causes 90° phase shift, the 
gain offered by the amplifier has 
decreased? There won't be equal 
inputs to the X and Y plates then, 
and you won't get a circle." 

"True enough," agreed Smithy. 
"In this case you'd get an ellipse 
having its major axis vertical or 
horizontal according to which set 
of plates had the stronger signal. 
But you'd know it was 90° shift 
because the major axis wouldn't be 
sloping. Blimey, I'm getting thirsty. 
How about some more tea, Dick?" 

MNEMONIC 

Hurriedly, Dick rushed to the 
teapot to obtain a further quantity 
of the life-saving fluid for the failing 
Serviceman. 

After several sips, Smithy was 
sufficiently revived to put a query 
to his assistant. 

"I think," he remarked initially, 
"that we've covered quite a bit 
about oscilloscope traces during this 
session, including in particular that 
circular trace which has been 
plaguing you so much. There are, 
of course, other traces which can 
be reproduced by an oscilloscope 
when there is access to both X and 
Y plates but I feel we've covered 
enough ground on this subject for 
the time being. So let me now ask 
you a question." 

"Fire away!" 
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ISO 135 90 

(a) 

ISO 225 270 

(b) 

315" 360 

Fin. 7. The 'family' of traces given by phase differences ranging 
(a) from 0° to 180°, and (b) from 190° to 360° 

"When I asked you what the sine 
of that angle in the circle was," said 
Smithy, "you seemed to go into a 
state of suspended animation, after 
which you suddenly emerged and 
immediately produced the right 
answer." 

"I was reciting to myself," ex- 
plained Dick, "a little mnemonic 
which I used to use at school for 
memorising trigonometry functions. 
It goes 'Peter has been here playing 
billiards before Paul'." 

Smithy looked mystified. 

hypotenuse', which is the cosine. 
And so on. Got it?" 

"Indeed I have," replied Smithy 
appreciatively. "I must admit that 
you do come out with some quite 
useful little bits of knowledge every 
now and again, Dick." 

"I tell you," responded Dick 
proudly. 

"I suppose," continued Smithy, 
"you could say that a mnemonic 
like that represents a roundabout 
way of locating information." 

"Oh, definitely." 

Attenuator 

Input Output 

Sine wave 
A.F generator A.F amplifier 

Fig. 8. Using an oscilloscope to check the frequencies at which 
phase shift occurs in an a.f. amplifier 

"If," Dick went on, "you take 
the capital letters out of that little 
lot you get the relationship for sine, 
cosine, tangent and cotangent in 
order. P stands for 'perpendicular', 
H for 'hypotenuse' and B for 'base'. 
So, the 'Peter has' bit stands for 
'perpendicular over hypotenuse', 
which is the sine; whilst the 'been 
here' bit stands for 'base over 
JULY 1969 

Stella Nine Range Casess 
Manuafactured in Black, Grey, Lagoon or Blue Stelvetite 

and finished in Plastic-coated Steel, Morocco Finish with 
Aluminium end plates. Rubber feet are attached and there 
is a removable back plate. There is also a removable front 
panel in 18 s.w.g. Alloy. 

Now all Aluminium surfaces are coated with a stripable 
plastic for protection during manufacture and transit. All 
edges are polished. 

LIST OF PRICES AND SIZES 
which are made to fit Standard Alloy Chassis 

Width Depth 4" Height 6" Height 7J" Height 
£ s. d. £ s. d. £ s. d. 

6J" 3fi" 12 6 15 0 18 0 
6J" 4- 13 6 18. 0 1 0 0 
sr 

?■' 
3I" 

15 0 1 0 0 1 1 0 
83" 1 1 0 1 6 6 1 11 3 

ior 1 8 6 1 15 6 1 18 9 
12i" 1 1 0 1 6 6 1 11 0 
izr 4" 1 8 0 1 14 0 1 17 0 
121" 4. 1 16 0 2 3 0 2 7 3 
14i" 3}" 

4" 
1 5 0 1 11 6 1 14 0 

14J" 2 3 0 2 15 9 2 18 6 
16i" si* 1 18 6 2 6 3 2 11 6 
16i" io|" 2 10 0 3 5 0 3 11 9 

Cases—Post 4s. 6d. per Order. 
Discounts available on quantities. 

CHASSIS in Aluminium, Standard Sizes, with Gusset Plates 
Sizes to fit Cases All 2i" Walls 

s. d. s. d. s. d. 
6" x 3" 5 6 10" x 7 " 8 6 14"x 3" 7 3 
6" x 4" 5 9 12" x 3" 6 9 14"x 9" 14 6 
8" x 3" 6 6 12"x 5" 7 6 16" x 6" 10 9 
8"x 6" 7 9 irx8" 10 9 16" x 10" 16 0 

Chassis—Post 3s. Od. per Order. 
Discounts available on quantities. 

E. R. NICHOLLS 
MANUFACTURER OF ELECTRONIC INSTRUMENT 

CASES 
(DEPT. R.C.) 46 LOWFIELD ROAD 

STOCKPORT-CHESHIRE 
Tel: 061-480 2179 

"In fact," concluded Smithy 
brightly, "it's rather like a circular 
trace." 

After which statement, and accom- 
panied by the groans of a shudder- 
ing Dick, we hurriedly draw this 
month's episode to its final con- 
clusion. 

DIMMASWITCH 

O 
- 

This is an attractive dimmer unit which 
fits in place of the normal wall light 
switch. The mounting plate is ivory to 
match modern fittings and the control 
knob is in bright chrome. An ON/OFF 
switch is incorporated to control up to 
500 watts at mains voltages from 
200-250 volts, 50HZ. 
These are normally sold at £4 19s. 6d. 
—our price is £3 5s. We also offer at 
£2 15s. a complete kit of parts with simple instructions enabling you to build 
this dimmer yourself. 
The circuit uses the latest miniature 
RCA triac and new diac triggering 
device to give complete reliability. Radio 
interference suppression is included. 

DEXTER & COMPANY 
14 Endsleigh Gardens, Chester CH2 ILT 

Chester 26432 
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NEW REVISED EDITION 
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★ AMATEUR PREFIXES 

★ AMATEUR CUDES 

★ LOCAL TIME CONVERSIONS 

★ OPERATING TECHNIQUE 

★ FREQUENCY/WAVELENGTH 

CONVERSION TARLES 

★ POST OFFICE REGULATIONS 

MANY OTHER ESSENTIAL ITEMS 

64 PAGES ONLY 6/- 

Post this coupon, together with P.O. for 6s. 6d. (to include postage) to DATA PUBLICATIONS, 57 MAIDA VALE, LONDON, W.B 
r- —   —        j 

Please send me the New Edition of "THE RADIO AMATEUR OPERATOR'S HANDBOOK" DATA BOOK No. 6 

I enclose cheque/crossed postal order for  

NAME     

ADDRESS... "... 
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GEC-Marconi Electronics 

Are you a skilled and 

experienced electronics 

technician? 

Have you been a 

wireless or radar fitter 

in the Armed Forces? 

Can you do a 

professional repair job 

on a TV? 

If you can answer "YES" to at least one of these 
questions, then we should like to hear from you. 
We need test and calibration engineers to work 
on a wide range of telecommunications 
measuring instruments, which includes P.M. 
and A.M. Signal Generators, R.F. Power Meters, 
Valve Voltmeters, Radar Test Sets, Digital 
Counters, Deviation Meters, Spectrum 
Analysers and White Noise Test Sets. 
The work requires the understanding of the 
most modern and varied circuit techniques and 
embraces all frequencies up to u.h.f. 
This is an opportunity to work for an expanding 
company with a world-wide reputation for 
technical progress in the design of test 
equipment. The posts are permanent and 
pensionable; they offer first-class conditions of 
service in a key export company, including 
substantial superannuation and life assurance 
benefits. Financial assistance may be given 
with removal expenses. 
Write in confidence, stating briefly age, 
experience, qualification and present salary, to: 

The Recruitment Manager, 
Marconi Instruments Ltd., 
Longacres. St. Albans, Herts. 
Member of GEC-Marconi Company Limited. 

[g«552®>P0RIABLE 

ACompacthandy x" TYPES^//7/? 
I rans/ Kec. 
Consists of 
a fully transistorised self-contained trans- 
mitter and receiver, microphone, aerial 
etc. Operates from standard dry batteries, 
As used by Armed forces on manoeuvres 
Regulations state must not be operated 
in UK. So when ordering please mention 
"For Dismantling Purposes only." Price 
£3.19.6 p.p. 10/6. Two sets for £8 p.free 
Four sets £14 p. free. Bulk sale of 8 sets 
for £25 p. free. Export enquiries invited 

STANDARD DESK 
TELEPHONE SALE 

Another scoop purchase 
enables us to offer a limi- 
ted quantity of these 
standard desk telephones 
at a fraction of their 
original cost. Complete 
with dial, magneto, cradle, 
line, connection block, 
receiver etc. not new but 
workable. Suitable for all 
applications. Only 19/6 
3ach p.p. 5/-. Two for 
39/6 post free. Four for 
65/- post free. 

SMOOTHING UNITS" 
Cure your hum problems. 
Beautifully made pieces of 
equipment. 12 volts or 
24 volts DC input gives 
a fully smoothed, fully 
regulated DC output. 
Worth £30 each. Robust 
metal cabinet. Brand new 
in makers cartons. Only 
55/- carr. & ins. 10/ 

MINIATURE MOVING 
COIL SPEAKERS 

llfin. dia. Only 3/6 each 
p.p. l/6d. Two for 8/6 
p. free. 4 for 15/- p. free 

GOVT. SURPLUS 
WIRELESS EQUIPMENT 

HANDBOOK 
Gives detailed informa- 
tion and circuits on most 
British and American 
equipment price only 
35/- p.p. 5/-.  
TANNOY MIKES. As nev 
9/6 ea. p.p. 3/6. (Heavv^C-^ 
duty, ideal for P.A. work) 

WIN. TRANSISTORISED 
BrO UNITS 

A miniature transistorised 
BFO unit (tunable) that 
will enable your set to 

receive CW & SSB reception. Compact 
single hole fixing. This small unit will fit 
anywhere. Ideal for all Ex-Govt. & com- 
mercial receivers. Complete with fitting 
instructions. 49/6 post free.  

A 
GENERAL 
V.H.F. ptOS 

MUNICATIONS 
BANDREC Listen to the thrills of Aircraft. Pilots and Airports at 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 trans- missions. A fully transistorised receiver covers ing 97-147mc/s VHF broadcasts. Robust attractive 2-tone finish metal cabinet size approx. 7" x 4" x 4". Operates-from a 9-volt internal battery. Speaker or earphone output plus chrome telescopic aerial. Only £8.19.6 carr. & insurance 10/6. C.W.O. or C.O.D. Callers welcome for a demonstration. 

•s*tGLOBE SCIENTIFIC LTD 
Ail orders & callers to 

38 Bridgend Meadow Lane, Leeds 1 

TECHNICAL TRAINING by 

IN RADIO, TELEVISION 

ICS AND ELECTRONIC 
ENGINEERING 

First class opportunities in Radio and Electronics await 
the ICS trained man. Let ICS train YOU for a well-paid 
post in this expanding field. 
ICS courses offer the keen, ambitious man the oppor- 
tunity to acquire, quickly and easily, the specialized 
training so essential to success. 
Diploma courses in Radio TV Engineering and Servicing 
Electronics, Computers, etc. Expert coaching for: 
* C. & G. TELECOMMUNICATION TECHNICIANS CERTS. 
* C. & G. ELECTRONIC SERVICING 
* R.T.E.B. RADIO AND TV SERVICING CERTIFICATE 
* RADIO AMATEURS EXAMINATION 
* P.M.G. CERTIFICATES IN RADIO TELEGRAPHY 
Examination Students Coached until Successful. 
NEW SELF-BUILD RADIO COURSES 
Build your own 5-valve receiver, transistor portable, 
signal generator, multi-test meter and professional-type 
valve voltmeter—all under expert guidance. 
POST THIS COUPON TODAY and find out how ICS can 
help YOU in your career. Full details of ICS courses in 
Radio, Television and Electronics will be sent to you by 
return mail. 
MEMRCR OF ASSOC. OF BRITISH CORRESPONDENCE COLLFGFS. 

INTERNATIONAL CORRESPONDENCE SCHOOLS 
Dept. 248, Intertext House, Stewarts Road, London, S.W.8. 

I NAME ............ Block Capitals Please 
ADDRESS 
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NEW STYLE 

SELF-BINDER 

for "The Radio Constructor" 

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

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

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

fciaggi 

P- 

, 

v 

14/- PRICE u-ri Postage 1/6 

Available only from:— 

Data Publications Ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
Rate: 9d. per word Minimum charge T2A 

Box No. 2/- extra. 

Advertisements must be prepaid and all copy 
must be received by the 4th of the month for 
insertion in the following month's issue. The 
Publishers cannot be held liable in any way for 
printing errors or omissions, nor can they 
accept responsibility for the bona fides of 
advertisers. (Replies to Box Numbers should 
be addressed to: Box No.  , The Radio 
Constructor, 57 Maida Vale, London, W.9.) 
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SERVICE SHEETS. Radio. Television. Transistors. Tape 
Recorders. Record Players (1925-1969). S.A.E. en- 
quiries.—Hamilton Radio, 54 London Road, Bexhill, 
Sussex. 

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

TO CLEAR. 300V d.c. 0.5/iF capacitors, 2Tin. x l|in. x 
6in. with porcelain insulators, 3/6d. each. 88H toroid 
coils, new, wax covered, 5/- each. Heathkit Balun Coil 
set, B-1U, assembled, £5. Box No. F352. 

PROFESSIONALLY MADE CONTROL PANELS from 
4d, sq. inch. 16/18 gauge aluminium, cut, drilled, spray 
painted and legend. Send full size drawing for quota- 
tion. C. S. Conduit, 7 Millbrook, Salisbury, Wilts. 

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

YOU CAN EARN EXTRA CASH in the comfort of 
your own home. Send now for free details to: Pittville 
Products, (RC51), 41 Canterbury Walk, Cheltenham, 
GL51 5HN. 

BOOST! B.B.C.l-I.T.A. VHF Amplifier, Setside, battery 
powered. 50/-. Specify channels. 

BOOST! UHF Amplifier, Setside, battery powered. 55/-. 
Covers all stations in area. Specify channels. B.K. 
Equipment, 7 St. George's Road, Belton, Gt. Yarmout, 
Norfolk. 

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

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

MUSICAL MIRACLES. Send s.a.e. for details of Drum 
Sound Modules, versatile bass-pedal accompaniment 
unit, self-contained with unique effects. Kits for Waa- 
waa pedals 47/-. Also 50/iA meters 25/- each. New. 
ELECTRONIC SOLITAIRE. Build this game frorm 
complete kit. Over 32,000 combinations. Hours of in- 
trigue, relaxing, challenging! Full kit and instructions 
55/-. Educates in binary logic. D.E.W. Ltd., 254 Ring- 
wood Road, Ferndown, Dorset. 

FOR SALE: Newnes Radio & TV Servicing. Volumes 
1 to 5. £7 10s. Marchant, 27 Long Street, Tetbury, Glos. 

WANTED. Glass paperweights. Please send details and 
price to Box No. F365. 

Continued on Page 797' 
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SMALL ADVERTISEMENTS 
Continued from page 796 

LARGEST SUPPLIERS OF SERVICE SHEETS: TV, 
Radio, Tape, Recorders, Record Players, Transistors, 
Stereograms, Radiograms. Only 5/- each, plus s.a-.e. Un- 
crossed P.O.'s please, returned if service sheets not avail- 
able. We have the largest supplies of service sheets 
(strictly by return of post). Please stale make and model 
number alternative. Mail order only. Please mention 
The Radio Constructor when answering this advert. Mr. 
C. Caranna, 71 Beaufort Park, London N.W.ll. 

PERFECT 30 WATT HI-FI AMPLIFIER for guitar, 
etc., £8. 13 watt amplifier £3. 2iin. oscilloscope £10; 
similar ex-government £4. — 4 Riversley Road, 
Gloucester. 

BOOKS FOR SALE: Radio Astronomy, Bernard Lovell 
& J. Clegg 12/6d. Earth's Envelope, Theo Lobsack 10/-, 
Space Research & Exploration, D. R. Bates 15/-, Prac- 
tical Yacht Racing, Schiottz 15/-, Yacht Racing, Stur- 
gess £1, Faster Sailing, Bavier 10/-, The Story of Atomic 
Energy, Soddy 7/6d., Radioisotope Laboratory Tech- 
niques, Faires 7/6d., Atomic Medecine, Behrens 15/-, 
Medical Radiation Biology, Ellinger £1, Sunday Times 
& Life World Library Volumes: Brazil, S.E. Asia, Israel, 
Italy, Russia, Mexico, Greece, Africa, Germany, France, 
India, Britain, Japan, Scandinavia, 12/6d. each, Life 
Science Library: Wheels, Mathematics, Man & Space, 
Planets, Energy, I2/6d. each, The Colour of Canada, £1, 
Science Survey 3, Vista Books £1, Science Today & 
Tomorrow 10/-. Box No. F364. 

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

POSTAL ADVERTISING? This is the Holborn Service. 
Mailing lists, addressing, enclosing, wrappering, fac- 
simile 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: 01-407-1495. 

CLEARING LABORATORY. Oscilloscopes, VTVM's, 
VOM's H.S. recorders, transciption turntables, elec- 
tronic testmeters, calibrators, p.s.u.'s, pulse generators, 
d.c. null-potentiometers, bridges, spectrum analysers, 
voltage regulators, sig-gens, CCTV monitors, M/C re- 
lays, components, etc. Telephone: Lower Seeding 236. 

GREEN ELECTRONICS FOR COILS & TRANS- 
FORMERS wound to your specification, assembly and 
wiring of circuits. S.A.E. for details. "Templecombe", 
Cleveland Road, Worcester Park, Surrey. 

FOR SALE: Disposing of small collection of 78 r.p.m. 
records. Classical, semi-classical and light music (some 
musicals). Many collector's items. S.A.E. for list. Box 
No. F369. 

INNOVATION IN DX CLUBS ANNOUNCED! Formed 
in October, 1965, the Radio New York Worldwide 
Listeners Club now has 3,600 members in 86 countries! 
A unique club offering shortwave listeners monthly 
magazines containing listening tips and technical fea- 
tures, numbered wallet-sized membership cards and 
gold 8iin. 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 World- 
wide Listeners Club, 485 Madison Avenue, New York 
10022, U.S.A. 

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. 

Continued on page 798 
JULY 1969 

BENTLEV ACOUSTIC CORPORATION LTD. 
38 Chalcot Road, Chalk Farm, 
LONDON, N.W.I. 

P Rim rose 9090 
The Old Police Station 

Gloucester Road 
LITTLEHAMPTON, Sussex 

Please forward all mail orders to Litclehampton PHONE 6743 
5V4G 5Z4G 6AT6 6/30L2 6BW6 6BW7 6FI 6F23 6L6GT I0FI I OP 13 20DI 20LI 20P4 30CI5 30CI7 30CI8 30F5 30FLI 30FLI2 30FLI4 30LI5 30LI7 30P4 30P4MR 30PI2 30PI9 30PLI 30PLI3 30PLI4 AC2PEN 

7/6 6/9 41- 12/6 12/9 M/- 8/9 13/3 7/9 15/- 13/- 13/- 13/- 18/6 13/6 12/6 8/9 13/6 15/- 16/- 12/6 13/9 13/- 12/- 17/6 13/- 12/- 15/- 15/- 15/- 19/6 

EBF89 6/3 EC92 6/6 ECC8I 3/9 ECC82 4/6 ECC83 4/6 ECC84 5/6 ECC85 51- ECC88 71- ECCI89 9/6 ECF80 6/6 ECF82 6/6 ECF86 91- ECH42 10/- ECH8I 5/9 ECH83 8/- ECH84 71- ECL80 6/6 ECL82 61- ECL83 91- ECL86 81- 

AC2PENDD19/6 CL33 CY31 DY87 E88CC EABC80 EAF42 EB9I EBC4I EBC8I EBF80 EBF83 

18/6 7/6 5/9 12/- 61- 8/9 2/3 8/6 

EF22 EF37A EF4I EF80 EF85 EF86 EF89 EF9I EFI83 EFI84 EH90 EL32 EL33 EL4I EL84 EL95 EM80 EM8I EM84 EM85 5/9 EM87 

12/6 71- 9/6 4/6 5/3 61- 4/9 3/3 61- 61- 6/6 3/6 12/- 9/3 4/6 51- 5/9 6/9 61- II/- 

EY87 EZ40 EZ80 EZ81 HVR2 KT88 KTW62 PABC80 PC86 PC88 PC95 PC97 PC900 PCC84 PCC85 PCC88 PCC89 PCCI89 PCF80 PCF82 PCF84 PCF86 PCF80I PCF802 PCL82 PCL83 PCL84 PCL85 PCL86 

EY51 EY86 

7/3 PY83 4/3 4/6 8/9 29/- 10/- 7/3 9/6 9/6 8/3 8/6 8/3 61- 6/6 9/9 9/6 9/6 6/6 61- 81- 91- 71- 91- 71- 91- 7/6 8/3 8/6 

PY88 PY800 PY80I U 19 U25 U26 U33 U35 U37 U45 U191 U251 U30I U404 U80I U4020 

PEN45DD 12/- PFL200 PL36 PL8I PL82 PL83 PL84 PL500 PL504 PL509 .., PL802 7/3 PY32 6/9 PY33 61- PY8I 

12/- 9/6 7/3 6/6 6/6 6/3 12/- 12/6 28/9 15/- 

o/—c i oo o/—rioi 5/3 vr-HD iu/odiizo o/o icv^zuo / 
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 lOd. Any parcel insured against damage in transit for 6d. extra. Business hours 9 a.m.-5.30 p.m. Saturdays 9 a.m.-l p.m. 

PY82 5/ 

6/6 6/6 34/6 13/- 11/9 29/6 16/6 34/1 I 15/6 12/6 16/- 
MA 7/6 18/- 6/9 UABC80 5/9   7/- 
5/9 6/9 5/6 81- 6/6 8/3 9/- 

UBC8I UBF80 UBF89 UC92 UCC84 UCC85 UCF80 UCH2I UCH42 9/9 UCH8I UCL82 UCL83 UF4I UF42 UF80 UF85 UF86 UF89 UL4I UL84 UM80 9/6 UY4I 9/6 UY85 VP4B 

BY234 41- -//— X41 10/— u i z, j-t •»/• 5/6 2N 175610/- BY236 4/- 6/3 -tvi-z/ ovnoo A, 2N2I47I7/- BY238 4/- 2N2297 4/6 BYZI I 5/- 2N2369 4/3 BYZI2 5/- 2N26I3 7/9 BYZI3 5/- 2N3053 6/6 2N312I50/- 2N3703 3/9 2N3709 41- 2N 386620/- ACII3 5/- AC127 21- ACI54 51- ACI56 41- ACI57 51- ADI40 7/6 AD 149 81- ADI62 91- AFII4 41- AFII9 31- AFI25 3/6 AFI39 II/- AFI80 9/6 AFZI2 51- ASY29 10/- BAII5 2/8 BAI29 2/6 BAI30 21- BCI07 41- BCI08 3/6 BCYI0 51- BCYI2 51- BCY33 51- BCY34 4/6 BCY38 51- BCY39 4/6 BFY50 4/ 

OA8I 1/9 OA95 119 OA 182 21- OA200 I/. OA202 21- OC22 OC23 OC24 OC25 OC26 OC28 OC30 OC35 OC36 W-JU //u OC38 I 1/6 

6/6 71- 10/-. 9/6 91- 6/9 6/9 91- 6/3 9/6 6/6 51- 6/9 BF163 4/-OC202 4/6 5/6 BY 100 3/6 OC203 4/6 10/6 BY 126 6/6 OC205 7/6 

BFYST 41- OC172 4/ BFY52 4/6 OC200 4/4 

OC4I OC44 OC45 OC46 OC70 OC7I OC72 OC75 OC78 OC78D 31- OC8I 21- OC8ID2/- OC82 2/3 OC83 21- OC84 31- OC123 4/6 OC 169 3/6 

'0/- 2/- 1/9 3/- 2/3 2/- 2/- 21- 3/- 

INTERNATIONAL 

SHORT 

WAVE 

LEAGUE 

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

THE LARGEST S.W.L. ORGANISATION 

IN THE WORLD 

For full details write to: 
The Secretary, 

I.S.W.L., 
60 WHITE STREET, DERBY 

^'flSPAN THE CLOBt 
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PLAIN-BACKED 

NEW STYLE 

SELF-BINDERS 

for your other magazines 

(max. format x 9^") 

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 PERMANENT RESILI- 
ENCE 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 over- 
stretch the springs, as a safety check- 
device is fitted to each. 

COLOURS: MAROON OR GREEN 
(Please state choice) 

PRICE 
13/6 

Postage 1 /6 

Available only from:- 

Data Publications Ltd. 

57 Maida Vale London W9 

SMALL ADVERTISEMENTS 
Continued from Page 797 

MAGAZINES FOR SALE: Wireless World July to Sep- 
tember 1965 inc., March, July and September 1966, 
1967-January & February, May, June, August and Sep- 
tember. Radio Constructor January 1966 to March 1968 
inclusive. Practical Wireless 1964 February to April inc., 
June, 1965-March to September inc. plus November & 
December; 1966-January to April inc. Practical Tele- 
vision 1965-January, April, July & August; 1966- 
January to July inc., plus September & October. Short 
Wave Magazine 1965-March, July, September to 
December inc.; 1966-January to November inc. 
R.S.G.B. Bulletin 1965-January, March, June, August, 
September, November & December; 1966-January to 
September inc., plus November. Hi-Fi News 1965-May, 
August to October inc., November & December; 1966- 
January to October inc. Amateur Tape Recording 1965- 
May, August, September, October & December; 1966- 
January to April inc., June to August inc.; 1967-April, 
May, June to September inc. What offers? Will sell in 
lots or separately. Can be collected in London. Box 
No. F370. 

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

FOR SALE: Radio Control model M.T.B. Aerokit Patrol 
Torpedo Boat, 40in. x 11 in. Good detail. Taplin Twin 
engine. Twin rudders, Steering and speed control on 
throttle fitted. Raven Flight Electronics new R/C equip- 
ment, needs installing. £50 o.n.o. Box No. F372. 

FOR SALE: Two re-entrant type loudspeakers, fitted back 
to back on common base. Suitable public address or 
pop group. Powerful. 15 ohm input. Spare diaphragms. 
£5. Box No. F373. 

FOR SALE; The Radio Constructor, Volume 15 bound. 
Volumes 16 and 17 unbound. Postage 7/6d. Offers to 
Box No. F374. 

FOR SALE; "Premier" Cine Film storage cases, grey 
hammer enamel finish, carrying handle, lock. Size 12m. 
x 7iin. x 7jin. to take 10 400ft. reels and cans at £1. 
Size 11 in. x 6in. x bin. to take 11 200ft. reels and cans 
at 15/-. Box No. F375. 

FOR SALE: H.T./L.T. Transformer. Outputs up to 1050V, 
0.5A, Ex-computer, excellent condition. £6 o.n.o. Box 
No. F376. 

FOR SALE; Practical Wireless, Jan. 1967 to March 1969, 
25/-. Practical Television, same, 25/-. Practical House- 
holder—20 copies 10/-. 17in. Bush TV—81R, needs 
overhaul, £4 10s, 80 valves—various, £1. Ancient type- 
writer, usable. £2. Please collect or add for postage. 
Wanted: Cheap 2 or 4 metre tuner/receiver. King, Point 
Cottage, Dale Hill, Ticehurst, Sussex. Telephone: 522. 

RECHARGEABLE NI-CAD CELLS. 1.22V, 5 AH. 
3.625in. x 1.25in. diameter. 12/6d. each. 3 with case 35/-. 
Galpin, 37 Canfield Road, Rainham, Essex. 

900 SPARE TIME BUSINESSES. S.A.E. please for full 
details, no obligation. KMS (RC1), Box 194, Leyton, 
London, E.10. 

G2DAF TYPE RECEIVER for sale. Kokusai filter, 11 
xtals, stabqoils, built in low profile Imhof case. £50 
o.n.o. Box No. F377. 

FOR SALE: Revspeed revolution counter £3. Box No. 
F378. 

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

CASES by 

H. L. SMITH & CO. LTD. 
287/9 Edgware Road 

London W2 
TEL: 01-723 5891 

CASES 
Type Size 
N 8x6x2"* 
N 6x6x3" 

4x4x2" 
4x4x4" 
5^x4^x41" 
8x6x6" 

ALUMINIUM, SILVER 
HAMMERED FINISH Type N 

Price Type Size 
18/- W 12x7x7" 

91x7^x3^" 
15x9x9" 
8x6x6" 

17/6 
11/- 
11/- 17/- 
23/- 
24/- 
49/- 
23/. 

W 15x9x8" 
Y 8x6x6" 
Y 12x7x7" 
Y 13x7x9" 
Y 15x9x7" 
Z 17x10x9" 
Z 19x10x84 

Price 
37/6 
48/6 
29/- 
45/ 
50/6 
53/6 
72/6 
78/- ♦Height Type N has removable bottom, Type U re- 

movable bottom or back, Type W removable 
front, Type Y all screwed construction, Type 
Z removable back and front. 

6x4x2 
7x4x1 7x5x2" 
8x4x2" 
8|x51x2" 
9x7x2" Type Y 10x4x2 
12x4x2 lype Z 

M 
12x5x3" 

Type U 
7x5 
7x5 
11x61x2" 

BLANK CHASSIS 
FOUR-SIDED 16 SWG ALUMINIUM 

Size Price Base Size Price Base 
6/3 2/11 10x8x21" 12/- 5/6 
6/- 3/2 12x7x21" 12/- 5/11 
7/6 3/5 I2x9x2l" 13/9 7/- 
7/- 3/4 13x8x2}" 13/9 6/11 
8/- 3/9 14x7x3" 14/6 6/6 
9/3 4/10 14x10x2}" 16/- 8/7 
9/- 3/9 15x10x2}" 16/6 9/1 10/- 4/3 17x10x3" 19/6 10/1 

TO FIT OUR CASES 
7/- 3/9 12x6|x2" ,XXU?XX 10/9 

14x8|x2" 13/6 
1S}x9}x2}" 17/- 

S/ll 
7/11 
9/6 

7/9 3/9 
10/- 5/6 
10/- 5/6 

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

17^x91x21" 18/6 10/6 

INTEGRATED CIRCUIT DEVICES FROM 
GENERAL ELECTRIC, U.S.A. 
ALL NEW AND PERFECT - NOT REJECTS 

PA237 2 watt audio amplifier. Response 25-20,000 c/s 
2N5305, 
2N5306 

L14B 

Smaller than a shilling ' 44/- 
Silicon Monolithic Darlington Amplifiers suitable 
for pre-amps requiring low-level, high gain, low 
noise. The size of a transistor 15/- 
Light Detector Planar Silicon photo-Darlington 
Amplifier, with a base lead to control the sensi- 
tivity and gain. Packaged in clear Epoxy encapsu- 
lant and accepts light from a very narrow angle. 
The size of a transistor 29/6 

Transistors 2N2926 Orange spot or Green spot 5/9 
Data sheets on all of the above 1 /- each. 

EDE'S STUDIOS, 274 Haydons Road, Wimbledon, SW19 
Telephone: 01-542 5327 

SO PZOF£SSIOn/AL Tf/a^ 
YVWV AEROSOL WAY- 

fat these afrdry/*# G/tey hammer 
A/HIV? QD BLACK WR/HKCe tytJVYf UK foRACKCC) finishes 

gold. 
Yukan Aerosol spraykit contains 16 ozs. fine quality, durable easy spray. No stove baking required. Hammers available in grey. blu. bronze. Modern Eggshell Black Wrinkle (Crackle) all at 15/11 at our counter or 16/11, carriage paid, per push-button self-spray can. Also Durable, heat and water resistant Black Matt finish (12 ozs. self-spray cans only) 13/11 carriage paid. SPECIAL OFFER: I can plus optional transferable snap-on trigger handle (value S/-) for 18/11. carriage paid. Choice of 13 self-spray plain colours and primer (Motor car quality) also available. 
Pfease enclose cheque or crossed P.O. for total amount direct to: 
DEPT: N/4 YUKAN, 307a, EDGWARE ROAD, LONDON, W.2. 

We supply many Government Departments, Municipal Authorities, Institutes and Leading Industrial Organisations—We can supply you too. 
lOpen all day Saturday. Closed Thursday afternoons. 

Other Yukon Air Drying Aerosols, 16 ozs. or (6/U 
include: Zinc Chromott Clear Lacquer Melallics: Grey, Blue, Bronze and Gold. 

We have Vacancies for 
4^^ Experienced Test Engineers in our 
I )j I Production Test Department. Appli- 
^ mm I cants are preferred who have 

^8 Experience of Fault Finding and 
Testing of Mobile VHF and UHF Mobile 
Equipment. Excellent Opportunities for promotion 
due to Expansion Programme. 
Please apply to Personnel Manager, 
Pye Telecommunications Ltd., 
Cambridge Works, Haig Road, Cambridge. 
Tel. Cambridge 51351, Extn, 327. 

THE WILSIC REVERBERATION UNIT KIT 
Self-contained, 6 transistor, reverberation chamber to which 
microphones, instruments, tuners or tape recorders may be 
connected for added dimensional effect. The output is suitable 
for most amplifiers and the unit is especially suitable for use 
with electronic organs. A ready-built spring and transducer 
assembly is used (58/1 1 if bought separately). 
Complete, easy-to-build kit with constructional notes and 
circuits: £7.10.0. Pre-drilled and printed case 34/- extra. 
All parts available separately. Send I/- for circuit and con- 
struction details. — 

THE WILSIC SIGNAL INJECTOR 
Miniature transistorised square wave signal 
injector, ready for use, only 19/6 including 
battery. P. & P. 1 /6. 

Send 1/- for our catalogue of components, testmeters, musical 
electronics & more details of the above items. Callers welcome. 
WILSIC ELECTRONICS LIMITED 

6 Copley Road, Doncaster, Yorkshire 

THE RADIO CONSTRUCTOR 

ANNUAL SUBSCRIPTIONS to this magazine 

may be obtained direct from the publishers 

or through your newsagent 

ONLY 42' - per year, post free 

Please send remittance with name and address and commencing issue required to: 
DATA PUBLICATIONS LTD 57 MAIDA VALE LONDON W9 

Please mention THE RADIO CONSTRUCTOR when writing to advertisers 
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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. 

DBI5 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 I      

ADDRESS    

(Please use Block Capitals for both name and address) 
Postal Orders should be crossed and made payable to Data Publications Ltd. 

Overseas customers please pay by International Money Order 
All publications are obtainable from your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W.9 
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AMPLIFIERS 
Cascode Record Player Amplifier, by D. G. Hughes 
General Purpose High-Gain Amplifier, by A. Foord 
Inexpensive Intercom System, by D. F. W. Featherstone .. 
Integrated Circuit Stereo Amplifier, by L. McNamara, B.Sc. 
Low-Noise Pre-Amplifier, by S. P. Narey  
Versatile Transformerless 300mW Amplifier, by W Kemp 

696 June '69 
350 Jan. '69 
228 Nov. '68 
568 Apl. '69 
630 May '69 
147 Oct. '68 

AMPLIFIER ANCILLARIES 

Crystal Microphone Matching Unit, by G. A. French  151 Oct. '68 
Multi-Channel Mixer Unit, by W. Kemp  554 Apl. '69 
Simple "Impedance Converter", by G. TV. Short  .. 585 Apl. '69 
Transistorised Reverberation Unit, by R. J. Caborn .. .. . . . . . . . . 772 July '69 

ELECTRONICS 
Electronic Oil Change Indicator, by J. B. Dance, M.Sc. .. 
I. C. Ratemeter, by P. Williams   
Light Operated Radio Switch, by G A. French 
Light Sensitive Oscillator, by N. A. Slaymaker, B.A. 
Linear I. C. Voltage Regulator, by P. McGovern .. 
Semiconductor Sound-Operated Switch, by W. Kemp 
Simple Voltage to Frequency Converter, by J. B. Dance, M.Sc. 
Slide Projector for Home Entertainment, by D. A. Rhys-James 
"Snap Action" Electronic Timer, by G. A. French .. 
Solid-State Digital Clock, Part 1, by A. J. Ewins .. 

'Part 2  
Part 3  
Part 4 

Solid-State Windscreen Wiper Delay Unit, by J. Vella 
Ultra-Sensitive Light Operated Switches, by B. T. Hathaway 
Water Operated Alarm, by R. M. Marston  

488 Mar. '69 
428 Feb. '69 
625 May '69 
486 Mar. '69 
232 Nov. '68 
686 lune '69 
760 July '69 
374 Jan. '69 

15 Aug. '68 
307 Dec. '68 
381 Jan. '69 
454 Feb. '69 
522 Mar. '69 
116 Sept. '68 
177 Oct. '68 
644 May '69 

GENERAL 
A Description of Electrowriter Instruments  
"Amateur" Coil Construction, by A. S. Carpenter, G3TYJ . 
Amateur Radio & Radio Amateurs, by A. S. Carpenter, G3TYJ . 
Applications of Rechargeable Cells, by A. J. McEvoy .. 
Automatic Radar Plotting   
A 2 Metre Ground Plane Antenna, by A C. Gee, G2UK .. 
Battery Economy in Class A Output Stages, by C. Hargis 
Computers in Science & Research  
Courses of Instruction  
Creating a Three-Band Trapped Dipole, by A S Carpenter, G3TYJ 
Designing with Integrated Circuits, by P. Williams  
Dimmed Headlights with a Difference, by T. R. Balbirnie, B.Sc. 
Exhibition of Electronic Components, Paris 1969, by M. Walters 
For the Beginner, How to Start, by E. Soham   
For the S.W.L. by L. Saxhorn  
Getting the Best from your Oscilloscope, Part 4, by D. J. Griffiths 
Local Radio Demonstration, by H. G. Middleton  
Mains Power for Transistor Equipment, by G. W. Short .. 
New Truvox Integrated Circuit Stereo Tuner   
Pressure Sensitive Transistors, by J. B. Dance, M.Sc  
Principles of Metal Detection, Part 1, by F. L. Thurston .. 

Part 2  
Quick-Parallel-R Calculations, by A. L. Grasso  
"Radio 2" Modification for Transistor Radios, by B. R. Hewitt .. 
Ready Reckoner for Parallel-R & Series-C, by R. M. Blackall .. 
Re-Forming and Testing Electrolytic Capacitors, by T. W. Bennett 
Resonant Gate Transistors, by J. B. Dance, M.Sc  
Simple Remote On-Olf Switch, by G. A. French  
The Posistor, by J. B. Dance, M.Sc  
The SINPO Code  
Thyristor Alarm Switch, by G. A. French  
Transistors as "Adjustable Zeners", by G. W. Short 
Two-Voltage Power Supply, by G. A. French   
Variable Voltage Power Supply, by G. A. French  
VHF Radio Transmitting Stations  
Workshop Tape Recording, by N. King  

802 

92 Sept. '68 
109 Sept. '68 
601 Apl. '69 

28 Aug. '68 
364 Jan. '69 
154 Oct. '68 
235 Nov. '68 
194 Oct. '68 
122 Sept. '68 
635 May '69 

96 Sept. '68 
575 Apl. '69 
770 July '69 
650 May '69 
730 June '69 

30 Aug. '68 
761 July '69 
622 May '69 
440 Feb. '69 
425 Feb. '69 
639 May '69 
766 July '69 
494 Mar. '69 
713 June '69 
447 Feb. '69 
664 May '69 
706 June '69 
423 Feb. '69 
693 June '69 
245 Nov. '68 
289 Dec. '68 
497 Mar. '69 

85 Sept. '68 
357 Jan. '69 
168 Oct. '68 
193 Oct. '68 
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IN YOUR WORKSHOP 
A.G.C. Voltage Test .. .. 
A to Z ( ■ 
Base of 2   
Basic Sine Wave 
Battery Current 
Binary Numbers 
Circuit Testing 
Coanda Effect 
Current Ranges 
Direct Coupling 
Dissimilar Inputs 
Drop-Off Resistors .. 
Electrolytic Capacitor Rating 
Elliptical Traces 
Fan-Out & Fan-In . . 
Logical Deduction .. 
Logical Servicing .. 
Low Current Range . . 
Meter Protection 
Multiplication 
Nanofarad   
New Valveholder .. 
Novel Knobs  
No Video Response .. 
Oscilloscope Traces .. 
Output Balance 
Pentode Anode Circuits .. 
Readers Hints 
Record Player 
Resistance Ranges .. 
Return to Fluidics . . 
Sensitive Amplifier .. 
Stability   
Testmeter Circuit 
Tone Control 
Transducer   
Variable Capacitance Diodes 
Voltage Multiplier .. 

327 Dec. '68 
659 May '69 
462 Feb. '69 
790 July '69 
329 Dec. '68 
461 Feb. '69 
395 Jan. '69 
56 Aug. '68 

594 Apl. '69 
725 June '69 
728 June '69 
535 Mar. '69 
531 Mar. '69 
791 July '69 

57 Aug. '68 
190 Oct. '68 
329 Dec. '68 
599 Apl. '69 
254 Nov. '68 
463 Feb. '69 
662 May '69 
193 Oct. '68 
255 Nov. '68 
189 Oct. '68 
724 June '69 
723 June '69 
192 Oct. '68 
253 Nov. '68 
392 Jan. '69 
594 Apl. '69 
123 Sept. '68 
125 Sept. '68 
123 Sept. '68 
592 Apl. '69 
398 Jan. '68 
662 May '69 
533 Mar. '69 
660 May '69 

RECEIVERS 
Additional Ranges for the Bandspread H. F. Bands Superhet, by F. G. Rayer, G30GR . . 
Bandspread H.F. Bands Superhet, by F. G. Rayer, GSOGR  
Design for Universal Car Radio, by Sir Douglas Hall, K.C.M.G., M.A. (Oxon) 
Five-Valve Amateur All-Wave Receiver, by F. G. Rayer, G30GR  
High-Performance Double Conversion Communications Receiver, Part 2, 

by R. Murray-Shelley, B.Sc. .. .. . . . . . ■ • • • ■ • ■ > > . > 
High-Performance TR.F. Tuner Unit, by J. Morley  
Modifying the "Spontaflex" Circuit for Silicon Transistors, by Sir Douglas Hall, K.C.M.G., 

M.A. (Oxon) .. ..    >. >> > 
Reflex-3 Portable Receiver, by Arman Sapciyan  
The "Spontaflex" F.M. Portable Receiver, by Sir Douglas Hall, K.C.M.G., M.A. (Oxon) 
The "Triple-S" 3-Transistor Receiver, by Sir Douglas Hall, K.C.M.G., M.A. (Oxon) 
Transistor Superhet for Top Band, by A. S. Carpenter, G3TYJ .. ..   
Three-Band 550-25 Metre Transportable Superhet, by F. G. Rayer, GSOGR 
3-Volt T.R.F. Receiver, by G. W. Short   

438 Feb. '69 
170 Oct. '68 
572 Apl. '69 
578 Apl. '69 

41 Aug. '68 
100 Sept. '68 

632 May '69 
302 Dec. '68 
701 June '69 
257 Nov. '68 
750 July '69 

78 Sept. '68 
160 Oct. '68 

RECEIVER ANCILLARIES 
Aerial Tuner for the SWL, by L Saxham  
Q-Multiplier & Audio Filter Units, by L. Saxham .. 
Short Wave Aerial & Changeover System, by L. Saxham 
3-Band Self-Powered Preselector, by L. Saxham .. 
5-Band Preselector, by D. W. Fosterling 
100/10kc/s Frequency Sub-Standard Unit, by L. Saxham 

10 Aug. '68 
102 Sept. '68 
560 Apl. '69 
282 Dec. '68 
418 Feb. '69 
510 Mar. '69 

TELEVISION 
Looking Into Europe, by M. N. Corbett .. 368 Jan. '69 

TEST EQUIPMENT 
AC/DC Bridge, by G. W. Short 
Broad-Band Signal Injector, by G A. French 
Coil Coverage Test Unit, by G. A. French .. 
DC Transistor Tester, by G. W Short .. 
High Value Ohmmeter, by G. A. French .. 

JULY 1969 

432 Feb. '69 
557 Apl. '69 
757 July '69 

22 Aug. '68 
489 Mar. '69 
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Infinite Resistance Voltmeter, by Sir Douglas Hall, K.C.M.G., M.A 
Low Value Capacitance Bridge, by G. A. French  
Oscilloscope Trace Doubler, by W. Kemp  
Pocket Continuity Leakage Tester, by G. A. French .. 
Shorted Turn Tester, by A. N. Drew  
Solid-State Audio Generator, Part 1, by G A. Stanton, G3SCV 

Part 2  
Transistorised Wide-Band Pre-Amplifier, by W. Kemp 
Wideband AC Millivoltmeter, by C. Crosbie  
Wideband Oscilloscope Amplifier, by G. Sowersby  

(Oxon) 157 Oct. '68 
221 Nov. '68 
238 Nov. '68 
691 June '69 

90 Sept. '68 
442 Feb. '69 
505 Mar. '69 

34 Aug. '68 
294 Dec. '68 
313 Dec. '68 

TRANSMITTING 
Top Band "Quartet" Transmitter, by A. S. Carpenter, G3TYJ .. 
Transistorised Top Band Transmitter, by S. G. Wood, G5UJ .. 
Transmitter Fault Finding for the Uninitiated, by A. D. Taylor .. 
150 Watt Amateur Band Transmitter, Part I, by F. G. Rayer, G30GR 

Part 2   
Part 3   

708 June '69 
20 Aug. '68 

499 Mar. '69 
214 Nov. '68 
318 Dec. '68 
371 Jan. '69 

RADIO CONSTRUCTORS DATA SHEET 
No. 11 Temperature Conversion Table 

12 Metric Conversion Table 
13 Parallel-R, Series-C, Table .. 
14 Multivibrator C-R Values .. 
15 Winding Temperature Table . . 
16 Binary-Decimal Conversion Tables 
17 Speaker Transformer Ratio Table 
18 Wire Resistance and Current Table 
19 IR Dissipation Currents Below 50mA 
20 IR Dissipation 50mA and Above .. 
21 ER Dissipation Table, Voltages Below 50 .. 
22 ER Dissipation Table, 50 Volts and Above 
23 Sound Frequency-Wavelength Table 
24 Amateur Q Code . . . .   
25 Amateur Abbreviations   
26 625-Line Colour and Monochrome Television 

25 Aug. '68 
43 Aug. '68 
93 Sept. '68 

161 Oct. '68 
179 Oct. '68 
229 Nov. '68 
247 Nov. '68 
297 Dec. '68 
365 Jan, ■69 
383 Jan. '69 
433 Feb. '69 
451 Feb. '69 
501 Mar. '69 
561 Apl. '69 
595 Apl. *69 

iii May '69 

49 Aug. '68 
322 Dec. '68 
527 Mar. '69 
719 June '69 

UNDERSTANDING RADIO 
118 Sept. '68 
388 Jan. '69 
587 Apl. '69 
784 July '69 

249 Nov. '68 
448 Feb. '69 
655 May '69 

59 Aug. '68 
261 Nov. '68 
468 Feb. '69 
731 June '69 

RADIO TOPICS 
127 Sept. '68 
331 Dec. '68 
603 Apl. '69 

195 Octl '68 
398 Jan. '69 
667 May '69 

CAN ANYONE HELP? 
21 Aug. '68 153 Sept. '68 301 Dec. '68 

422 Feb. '69 491 Mar. '69 624 May '69 
690 June '69 

18 Aug. '68 
292 Dec. '68 
492 Mar. '69 
694 June '69 

NEWS AND COMMENT 
88 Sept. '68 

362 Jan. '69 
566 Apl. '69 
764 July '69 

164 Oct. '68 
426 Feb. '69 
628 May '69 

95 Sept. '68 
495 Mar. '69 

QSX 
225 Nov. '68 
649 May '69 

361 Jan. '69 
763 July '69 

804 THE RADIO CONSTRUCTOR 
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CNGLANPS LBAP/HC COHPOMCNTi. EQUIPMENT CENTRtS 
SOLID STATE-HIGH FIDELITY 

miO EQUIPMENT 
Mono or Stereo Audio, Equipment devel- 
oped from Dinsdale Mk.II—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! 

DEMONSTRATIONS DAILY AT '303' EDGWARE ROAD 

INTEGRATED TRANSISTOR AMPLIFIERS 
6 WATTS MONO 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—with fantastic power and quality with far greater adaptability, with freedom for battery or mains operation. 
MA7 MONO OR STEREO MA66 OPTIONAL pn 1 r, n POST PACKING 5/- fl c 1 n fl MAINS UNIT 
tO.IU.U EITHER MODEL 11 D. I U.U PS20 62/6d. p? 4/- lllustrated leaflets 12 and 14 FREE on request 

ELECTRONIC 0RGAWSJ"SSM,' 
the mmm^ccipintea by everyone A completely new development in COMPLETE KIT Deposit £29.19.0 portable electronic musical instru- Deferred terms available ments and a new field for the home 12 monthly payments of constructor. The "MAYFAIR" pro- £7. Total £113.10.0 duces a multitude of the most BUILT AND TESTED pleasing sounds with a wide range Deposit £36.8.0 and TUC MAYFAIR 00 GNS of tone colours suitable for classic 12 monthly payments of mc o or popular music. The organ is £9. Total £144.8.0 BROCHURE 9 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 spring and depth of touch adjusted keyboard, attractive vynair covered cabinet with carry handle. A complete detailed and illustrated construction manual is provided, covered circuits and full parts list. All items may be purchased separately. All parts supplied are fully guaranteed. Full after sales 
THE GR0SVEN0R THE GROSVENOR is designed for the more ambitious musician and has a much wider range than most commercial organs. It com- prises two four-octave (49 note) keyboards and a thirteen note pedal board. It has four pitches (i.e. 8ft., 4ft.. 2ft.. 1ft.) on the uppW or solo keyboard, three pitches (i.e. 16ft., 8ft.. 4ft.) on the lower or accompaniment keyboard, two pitches (i.e. 16ft.. 8ft.) on the pedal board. Variable sustain on the solo keyboard and variable vibrato on both keyboards. It has 15 voices in the solo tone-form- ing unit. 10 voices in accompaniment tone forming unit and 4 voices in the pedal tone-forming unit. All components and kit sections are available separately including the Oak Console at £65.18.0. A complete detailed 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 service and advice freely available. 

Once built the "MAYFAIR- or "GROSVENOR" will then provide I years of enjoyable entertainment. Call in-See them for yourself! I 
PRACTICAL ELECTRONICS—ELECTRONIC ORGAN KIT We are able to supply Parts as described in this series. Details on request ORGAN COMPONENTS: COMPLETE RANGE IN STOCK • 49 AND 61 NOTE KEYBOARDS • 2 TO 5 AMP GOLD CONTACTS • COILS AND CHOKES • REVEBERATION SPRINGS & UNITS • STOP TABS & ASSEMBLIES • PEDAL BOARDS • RHODIUM & GOLD CLAD WIRE. ALSO PRINTED CIRCUITS ETC. COMPLETE RANGES FOR TRANSISTORISED ORGANS. ASK FOR NEW PRICE LISTS WITH DETAILS. LEAFLET 9B. All enquiries to: ORGAN DEPT.—MR. ELVINS 

THE GROSVENOR KITS FROM £220 
BROCHURE 9B available 

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 C s. d. No. 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 illusirated Brochure. 

QUALITY CAR RADIOS lerfeci ipany for 
edium or Long isp. lop quality 

A precision engineered car radio that's long hours on the road Has quick push immediate station selection and choicr wave frequency. Output of 3 i watts ens sound even at high motoring speeds sories and instructions POSITIVE/NEGATIVE EARTH PRICE £12 12 0. pp. 4/6 MANUAL as above £8.19.6. but with single MW/LW push Button. Brochure 15  

SCOOP! STARR RECORD PLAYER Deck. Plays 33. 45, 78 records. 9 operated. With mono cartridge. Brand As illustrated, 59/6 DOSt 3/6 
MULLARD 1 WATT AMPLIFIER ' 9 volts. 5 transistor unit complete with 

I Output to 3 ohms. Ideal for use with Starr Record Deck. Send for leaflet 2. 45/- Post 3/- 

BUILD A QUALITY 
TAPE RECORDER To get the best out of your MAGNAVOX DECK, you need a MARTIN RECOROAKIT This comprises a special high quality 6 valve amplifier and pre amplifier which comes to 

thing needed down to the last screw FOR MAKING A SUPERB TAPE RECORDER, which, when built, will com- pare favourably with instruments costing twice as much, yet you need no experience or technical skill io bring this about. THE INSTRUCTIONS MANUAL MAKES BUILDJNG EASY AND SUCCESS ASSURED 

VHF FM SUPERHET TUNER MKII "5 MULLARD TRANSISTORS & 4 DIODES " 300 Kc/s BANDWIDTH " PRINTED CIRCUIT CONSTRUCTION " HIGH FIDELITY REPRODUCTION MONO AND STEREO 
A popular VHF FM Toner now used throughout the country for quality reception of monophonic and. with the reophonic broad- There 

Track 39 gns. 

PARTS TOTAL 1 

*4 

NEW —MALLORY LONG LIFE 
MERCURY BATTERIES 

50% OFF LIST PRICES •RM12 1.35 volts3600 OUR PRICE 5/- each m/aH. size 2"xi du. .RM625 10.35 volo 350 m/aH. Pack of 8. Size 2i x J dia. OUR PRICE 
10/- each 

GARRARD RECORD DECKS 

    9 DECODER £5.19.6 (CABINET 20/- EXTRA) ASK FOR LEAFLET 3. 

Easily eight cells  11$. These < are ideal for any applica- tion where SMALL SIZE HIGH CAPACITY and LONG LIFE are required. QUANTITIES AVAILAT' - .ABLE 

Kit comprises: Deck. Amplifier. Cabinet and streaker, 1 

MICROPHONE 7 in 1.200 ft tape, spare spool. ALL UNITS AVAILABLE SEPARATELY. Today's ""Nothing more to buy."" Value £60. 

TRANSISTORS MANUFACTURERS—DISTRIBUTORS We publish a QUANTITY. SEMI CONDUCTOR BULLETIN listing over 500 different devices available FROM STOCK in medium to large quantities at KEEN PRICES coupled with PROMPT DELIVERIES. TO OBTAIN YOUR COPY, WRITE TO US (on Company Headed Nolepaper please) requesting our SEMI- CONDUCTOR BULLETIN For TELEPHONE QUOTATIONS. PHONE (01) 723 1008/9 Exln. 4 (01) 723 0401 Extn, 4. 
We purchase medium to large quantities of Transistors and Devices excess to Manufacturers and Distributors requirements. Write or phone Extn. 4 

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 

BRAND NEW All below list price £ s. < 2025 Mono/Stereo GKS 25 7 19 3000 LM Mono/Stereo 9 TAHC 9 19 SP25 Mk II 11 19 AT60 Mk II 13 0 AP75 19 0 SLS5 11 19 SL65 14 14 SL75 29 0 SL95 35 0 A70 Mk II 12 12 B.S.R. UA25 Mono 5 19 MA6S 9 19 MA70 12 12 MA75 15 5 401 Garrard 28 10 Carriage/Packing 7/6d. all models Complete range of accessories available Send for New 8 page brochures 16, 17. 

HI-PI equipment to suit EVERT POCKET 

VISIT OUR NEW HI-FI CENTRE at 309 EDGWARE ROAD 
AND SAVE UP TO £25 ON SEPARATE UNITS 
OR THE SYSTEM OF YOUR CHOICE 
for all leading makes 
AMPLIFIERS 
TUNERS 
DECKS 
SPEAKERS 
MICROPHONES 
TEST EQUIPMENT 
HEADPHONES 
CARTRIDGES, etc. 
All with 
Terrific Savings 
It will PAY YOU 
to pay us a VISIT! 

T 

© © ® : 

4 

COMPLETE SYSTEMS from £46-Saves £12. 
Send for new 8-page Illustrated Hi-Fi List 1 

^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 

303 Edgware Road, London, W.2. Mail Order Dept 
all types of Components, Organ Dept (01) 723 iocs 9 
309 Edgware Road, London, W.2, High Fidelity 
Sales, PA and Test Equipment. Record Decks(0i) 723 6963 


