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AERIAL SWITCHING
AND TUNING UNIT

Essential for efficient short wave
reception
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£/Np

BSY29

BSY95A

BY 100

BYX10

BYZ10

8YZ12

BYZ13

BZY88 Series
33V lov 15

NKT80214 75
NKT80215 75
NKT80216 75

OAS 20
OAI10
QA47
OAT0

D13T!

N9

ING14

IN91I8 .

2Ni090
2N1091
ING131
INGI3
INT302
IN1303
IN1304
INI1305
INT306
IN1307
IN1308
INT309
2N1507
INI6Y3
2N171]
IN2147
2N2148
2N2160
2N2368
2IN2369

MPFI05

NKTI124
NKTI25
NKTI26
NKTI28
NKTI135
NKTI37
NKT210
NKT21]
NKT212
NKT213
NKT214
NKT215
NKT216
NKT217
NKT218
NKT219
NKT223
NKT224
NKT225
2N236%A
IN2646
2N2904
2IN2904A
2N2905
2N290SA
2N2906
2N2906A
2N2926. all
cofours
2N3053
2N3054
2N3055
2N3702
2N3703
2N3704
2N3705
2IN3706
2N3707
2N3708
2N3709
2N3710
2NITIL
IN3819
2N3820
2N3826
2N4058
2N4060
2N4061
2N4062
2N4284
2N4287
2IN4289
2IN4871
2N5245
3N84
INI128
IN140
INT41
3Ni52
40250
40309
40310
40312
40320
40340
40361
40362
40406
40407
40408
%0409
404684
40600
40601
40602
40603

NKT243

NKT244
NKT245
NKT261
NKT262
NKT264
NKT271
NKT272
NKT274
NKT275
NKT279A
NKT281
NKT302
NKT304
NKT351
NKT401
NKT402
NKT403
NKT404
NKT405
NKT406
NKT420
NKT451
NKT452
NKT453
NKT&03F
NKT613F
NKT674F
NKT676F

QC201
QC202
QC203 .
0C204
Q205

QOCP71/M

QRPI2 .
QRP&O
ORP61
PIa6A
ST140
57141
D716
TIPIIA
TIP32A
V405A

ZTX108
ZTX300
ZTX302
ZTX303
ZTX304
ZTX314
ZTX320
Z7X330
Z7X500
ZTX501
ZTX502
ZTX503
ZTX504
IN34A
1N60
TNGé4
IN82A
IN87A
IN914
TN400)
1N4002
1N4003
1N4004
1N4005
IN4006
1N4007
IN4148

NKT6&77F
NKT713
NKT717
NKT734
NKT736
NKT773
NR 1781
NKT10339
NKT10419
NKT10439
NKTI0519
NKT20329/
0013
NKT80111
NKT80I12
NKTBOI_D 1.00
NKTB0211 7§
NKT80212 75
NKT80213 75

TERMS: Cash with order please. Postage & packing -
10Np Intand. 25Np Europe, 60Np elsewhere. All goods
guaranteed ALL ORDERS DESPATCHED WITHIN ONE
WORKING DAY OF RECEIPT 1971 Retail Catalogue
now available: SNp stamp for postage appreciated

ELECTRONIC
COMPONENTS

(RC)

LTD

LST

MAIL ORDER DEPT.
7 COPTFOLD ROAD
BRENTWOOD. ESSEX Teiex 9944:
Callers weicome retail Counter

same aadress

Components

RESISTORS
Carbon Film § & } Watt §
2 Np each
Packs of 10 (of one value/wattage)
15 Np per pack

PRESETS
P.C. Type 0.3 Wate
Standard size 7Np
Sub-miniature S Np
(Available
vertical or horizontal mounting)
Usual values 100 ohms to § Meg

POTENTIOMETERS

Log or Lin Less switch -
Log or Lin DP switch

Log or Lin Stereo L/S -
Values: 5k. 10k. 25k. SOk.
250k, 500k, 1 Meg, 2 Meg

CAPACITORS
Mullard Miniature Elecrrolytic
Mfd  VoltWkg - C426 Senes
25 6 3Np

Mullard Electolytic - C437 Series
Mfd. Volewkg
250 9Np
400

SN7400N
SN740IN
SN740ZN
SN7403N
SNT404N
SN7410N
SN7413N
SN7420N
SN7430N
SNT440N
SNT44IN
SN7450N

SN7453IN
SNT460N
SN7470N
SN727IN
SNT<T3N
SNT474N
SN7475N
SNT476N
SN748IN
SN7490N
SN749IN
SN7493N
SNT41AIN

NEW! SN74N SERIES TTL LOGIC

NOW FROM LST. - FULL SPECIFICATION TEXAS INCUSTRIAL

INTEGRATED CIRCUITS AT ECONOMY PRICES

149 50-9%
Quad Z-input NAND gate
Quad 2-nput NAND gate apen collector
Quad Z-input NOR g
Quad 2-mput NAND gate open collector
Hex Invercer
Triple J-input NAND gate
Schmidt Trigger
Dual 4-input NAND gate
G-input NAND gate
Dual 4-input NAND Bukfer
BCD to decimal decader TTL output
Expangable Dual 2-wide 2-input
AND-OR-INVERT gate
Expandable 4-wide 2.input AND-OR-INVERT gate
Dual 4-inout expander
|=K Flip-fiop
J-K Master-Siave Fiip-flop
Dual J-K Master.Slave Flip.flop
Dual D-type Edge-Triggered Flip-flop
Quadruple Bistable Latch &5
Dual J-K Master Siave Flig-flop with Presec & Clear 5§
Four-bit Binary Fuli-Adder a3
Decade Counter
Divide-by-12 Counter
Four-bit Binary Counter
8CD to decymal Decoder/Drver
(Replaces the obsolece SN7441AN)

€120
@11 (100

€045 €130

MIX PRICES. Devices may be mixed to quabiy for quantity price
Larger quantines - prices on applicatian

LINEAR AND DIGITAL I/C's

CA3052

BARGAIN
OP.AMPS 1 1

LM709C

FAIRCHILD

GE. (UsA)

PA230
PA2)4
PA237
PA2a6
PAadls

Preamp -
1 Ward Amp
2 wate Amp
5 Watc Amp
Zero Yolt Switen

MISCELLANEOUS

THOO1IP Toshiba 20 Wasc Hybrd IC Amp
€19 Sinclair
SLSO3A  Pessey New Design - -

60 Np MULLARD

{DIL high gain

(equiv §

PCI006/1
Muttimete

Linear Am -
Grneral Purpose Amp
Re(ord/Phybuk Amp - -
MOS LF Amp v

IC Recewer

AM/FM Recerver

TAA263
TaA9)
TAA3IO
TAA30
TADI0G
3 TADLIO

NIZYAIP)

tiser packaged ©
cuie KIT wncludes all
accessories €755

ULTRASONIC TRANSDUCERS

Operate at 4Bkc/s Can be used for remote
contrel systems without cables or electronic (inks
Type 1404 transducers can transmit and raceive
FREE: With each paic our complete transmitter
and recewer circuit PRICE £5.90 Paic

Mullard Sub-Miniature Ceramic
Plate - C333 Series

63 volt working. Range 18pf to
220pf (usual pref. values)

Packs of 6 (any values) - 30Np

NEONS

Miniature neon bulbs: 0.6mA 65vac
90vdc Pack of 5 for 30 Np
Panel neon indicators. mains volt-
age. Red fenses - round. square or
arrow-shaped faces Each 20 Np

VEROBOARD

x
face cutters - 45Np
Veropins: pack of 50 for 21 Np
Bargain Pack. 36 square inches of
various sizes. 15" 8/or 1" SO0Np

HEATSINKS

T0-5 (Clip-on) pack of 4 for 15 Np
FINNED type for 2 x TO-3 rezdy
drilled at 43Np
FINNED type undrilled for plastic
power at 34Np

BOOKS

G.E. Transistor Manual £1.47
R.C.A Transistor Manual £1.40
Designers' Guide to British Tran-
sistors (data book ) 1.25
R C.A. Hobby Circuits Manual (l 40
New edition now avalable Many
new circuits. Substitution chart
supplied.

110 Semicanductor Projects £1.25
Zener Diode Handbook 84 Np
Photo & Salarcell Handbook 84 Np
Thyristar (S C.R } Handbook £1.00

TRIACS
2N5756

{5ald only in parrs)

NEW!! ‘SONALERT’

SOLID STATE ALAAM DEVICE
AS USED IN MANY AMERICAN ALARM CIRCUITS
70-80 dB of noise — Operates on 6-28v 3-14mA

€5.50 each

Heat sink compound — Silicone grease
Bargain pack of five | Watt Zener diodes
4 pieces 100 PRV Recufiers 500mA -
2 pieces 200 PRV Recufiers 500mA

2 pieces 400 PRV Recifiers 500mA

Bargain Transistor pack 2 AF - RF -
Assortment of RF. audio & power transistor solar cell & diode
Pack of 4 assorted solar cells

Solar motor {Operates 1rom §4M) s
Silicon Solar cell 10-16mA -
Siticon Solar cell 25-40mA

Low cost Selemum solar cell -
Selenium cell in protective case - -
Cadmuum Suiphide photoconductive cefl -

Only part of the International Recufier “Diamand Line’ range are listed

Send for free catalogue or ask your Iocal component stockist

25A {RMS) 400 PIV TO-5 Mod

6 Amp (AMS} 400 PIV TC.5 Mod

6 Amp (RMS) 100 PIV TO 66 -

6 Amp (RMS (o 75 Amb ] 400 Plv ro s Mod

22 Amp (RMS @ 25_ Amb ) 400 P

“These types hne mlogul triggenng

1SA (RMS) 400 PIV TO66 -

10 Amp 200 PIV Plastic Flat-pack -

10 Amp 400 FIV Plisuc Flat-pack

Bilateral avalanche trigger diode =

THYRISTORS

CRI/0SIC

ENCAPSULATED BRIDGES
1 Amp SO PIV TOS
1 Amp 400 PIV TO.5 50Np x&;s”“’
5 Amp 400 PIV TO-66 €)0%
10 Amp 400 PiV Stud Mg £1.65

Currear  Rms Voles
50
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Kit building is so easy

The unique HEATHKIT step-by-step method of construction
defies error for the beginner as well as the experienced kit builder

Economy SW Receiver

!_. - ._ ﬂ =
s 2 3-*'-3’5?5*:_"):

World wide reception.
1-30MHz  plus 550-1620KHz
Kit K/GR-64 £25.00 Carr. 50p

FM Stereo Tuner

Concert hall realism — Amazing
low price. Kit K/AJ-14 £27.00
(Cab. extra) Carr. 40p

Stereo Amplifier

i .‘ll:} ’w\(}

Wiy o e e R

Heathkit unbeatable value -

20W total power output.
Kit K/AA-14 £32.00 Carr. 30p
(Cab. extra}

‘Severn’” AM/FM Radio
Beautiful looks - luxury sound
Black ‘vynide’ case.

Kit K/Severn £19.90 Carr. 50p

Stereo Record Player

Exciting sound —budget price.

Kit K/SRP-1 £32.50 Carr. 80p
(Teak or Black/Rexine)

‘Trent’ Speaker

Compact size - lowest cost.
Kit K/Trent £15.20 Carr. 60p
(Teak or Walnut)}

Deluxe Car Radio

Heathkit value — powerful output.
Two tone grey plus chrome
trim. Kit K/CR-1 (less speaker)

£13.80 Carr. 30p

Thumb
‘Tacho’

Measures RPM on any model
engine at low cost.
Kit K/GD-69 £9.50 Carr. 20p

Electronic Workshop

35 exciting experiments.
Kit K/JK-18 £16.40 Carr 40p

Hundreds of HI-FI, Radio, Test & other models to choose from.

A Schiumberger Company

HEATH (GLOUCESTER) LTD
GLOUCESTER GL2 6EE

i

JUNE 1971

Please send me FREE Catalogue
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ed spot trans. PNP ..
16 White spot R.F. trans. PNP
4 OC77 type trans.
6 Matched trana. OC44‘45’81/81D
4 OC75 transistors ..
4 OC72 transistors .
4 AC128 trans. PNP lngh gnin
4 AC126 trans. PN
7 OC81 type trans
7 OC71 type trans.
2 AC127 128 comp. paxrs
3 AF116 type traus.
3 AF117 type trans.
3 0OC171 IL.F. type trans.
b5 2N2926 sil. epoxy trana. "a
2 GKT880 low noise germ. trans.
3 NPN 18T141 & 2 8T140

4 Madt's 2 MAT 100 & 2 MAT 120
3 Madt's 2 MAT 101 & 1 MAT 121 .

4 0C44 gern. trans. A.F.

3 AC127 NPN germ. trans. .
20 NKT trane. A.F. R.F. coded .
10 0A202 sil. diodes sub-min.

8 0A81 dindes

6 ING14 il diodes T3PV 75mA

8 0A95 gerni. diodes sub-min. IN 69

2 10A 600P1V sil. rects. 1845R

2 Hil. power re«.u HYZ 3 ...
4 Bil. trans. 2 X 2N696, 1 X 2\697.
1 X 2N698

7 8il. switeh trans. 2N70

6 Bil. switch trans. 2N708 '\P‘I

3 PNP  sil.  trans.
1 X 2N1132 .

3 8il. NPN trans, 2N1711 .

7 8il. NPN trans. 2N2369, 500MHZ
38il. PNP TO-5 2 X 2N2804
T X 2905 .....ooooiniinn..,

72‘13646 TO- 18 plastic 300MH2

trans.

3 Plastic NPN TO-18 2N3904
6 NIPN trans, 5172
7 BC107 NI'N trans.
7 NPXN
3 BC113 NI’N TO-18 trans.
3 BC115 NPN TO-5 trans. .
6 NPN high gain 3x BC167,
4 BCY70 NPN trans. TO-18
4 NPN trans. 3X BFY51,

7 BEYY5A NPN trans. 300MH?2

8 BY100 type sil. rect. ..
25 8il. & germ. trans.

marked new

2 X 2\11131,

N3703, 3x 2;\3702
. 42X 2N3704, 3X 2N3705
7 NPN amp. 4X 2N3707, 2X 3N3708.

N trana. 4X BC108, 3x BC109

2x BFY52
7 BBY28 NPN awltch 1'0-18. ... ..

The largest selection

NEW QUALITY TESTED PACKS

Pack Description

&

3x BC168 0.

‘mixed all

coo ooo 9_o_o_o_oecococooooeoeeooccooooo

o e

=1

Price £p
£ 50

NEW LOW PRICE TESTED S.C.R.’S. | KING OF THE PAKS Unequalled Vajue and Quality
PIV TA 10A 164 A0AY
TO 5 TO 66 TOsuG TO-48 TO-48 NEW BI-PAK UNTESTED g
£ £p D £p £p £p 2
50 0.23 0.25 0.47 0.50 0.53 1.15 SEMICONDUCTORS Q3
108 0,§5 og';' 0.53 0.58 0.83 iéo 8;
20/ 0.35 0. 0.5 0.61 0.75 .80} ¢ - 3 i z k
100 043 047 067 075 093 1.75 Satisfaction GUARANTEED in Every Pak, or money back. Q6
600 0.53 0.57 0.77 0.97 1.25 Pak No. s Q;
200 0.63  0.70  0.90 20 1.50  4.00 Ul 120 Glass sub-min. general purpose germanium diodes .. 0.50 gg
U2 60 Mixed germanium transistors AF/RF ... . .. . 0.50 | Q10
SILICON RECTIFIERS- TESTED U375 Germantum gold bonded diodes sim. 0AD, 0A47 . 0.50 | &1
PIV 300:\-% 750:1A }: 1. g: 23 lg: 5323 U4 40 Germanlum transistors like OCS1, AC128 .. . ... .. 0.50 | Q13
50 0.04 0.05 0.05 0.14 0.2170.47 T;I_ﬁ_ . 60 200mA sub-min. Sil. diodes ............... ... ... 0.50 8};
100 0.04 0.08 0.05 0 13 0.16 0.23 0.75| 16 30 Silicon planar transistors NPN sim. BSY954, 28706 0.50 | Q16
200 0.0530.09 0.06 0.14 0.20 0.24 1.00 U7 T T 017
400 0.06 013 0.07 0.20 0.27 037F1.25 16 8ilicon rectifiers Top-ITat 75014 up to 1,000V 0.50 -!18
600 0.07 Ao,ig Oig 0. %3 0.3¢ 0.45 1. S us 00 8il. planar diodes 250inA, 0A’200/202 0.50 819
800 0.10 0. 0. 0.25 0.37 0.55}2.0 i = = o
1000 0.11;0.25 0.15 0.30 0.46 0.63 {2 o] A M20 i ixeilgvoltspjwdtEfZEnen lodeslrn 960 Jiqu0
1200 0.3 - 0.33 0.57 0.75 Ull 25 PNP silicon planar trans:stors TO-5 simn. 2N1132 0.50 322
U13 30 PNP-NPN sil. transistors OC200 & 28104 .......... 0.50 | us
TRIACS SILICON HIGH VOLT- | Ul4 150 Mixed silicon and germanium diodes .............. 0.50 | Q2
2.
VBOM 2A 6A 10A 10»‘:&5‘ RE?EI?E%EOOO 25 26 N PN Silicon pl planar transistors TO-5 sim. 2\697 . 0.50 853
TO-1 TO-66 TO-88 | I'.1.V.) Stud Type with | U16 10 3-Amp silicon rectifiers stud type up to 1000 T I’IV . 0.50 | Q27
gp  gp gp | Flving Leads, 80p each. | U17 30 Gernanlum PNP AF transistors TO-5 Tike ACY 17-22 0.50 335
f 100 0.50 0.6331.00 DIACS U1s 8 6-Amp silicon rectifiers BYZ13 type up to 600 PIV _ 0.50
200 0.70 0.90 1.25 gg?&(‘s USE  WITH | U19 25 Silicon NPN transistors like BC108 ... .......... 0.50 8?{?
400 0.90 1.00 1.80 BRI‘OO T . 37p each U20 12 1.5-Amp silicon rectiflers Top-Hat up to 1,000 PIV . .0.50 Q32
U21 30 A. F_gernmnﬂlm allov transiators 2G:300 series & OC71 0.50
2A POTTED BRIDGE RECTIFIERS 200V 50p | U23 30 Madt's like MAT series PNP transistora .. . 0.50 822
U24 20 Germanium 1-Amp rectifiers GJM up to 306 PIV . 0.501 Q35
UNIJUNCTION AD I 6 I vpy U25 25 300Mc/s NPN silicon transistors 2N 708, B8Y27 0.50
ET‘?S' Tg%t, Bg{z:;& o 26 30 Fast switching silicon diodes like INS14 micro-min . 0.50 | 20
27qp “each. 25-99  25p ADI162 r.» U28  Experimentera assortment of integrated circuits, untes-
100 UP 20p. MATCHED COMPLE- ted. Gates, Nip-1lops, registers, etc., 8 assorted pieces .... 1.00
MENTAI‘{Y PAIRS j U290 101-Amp 8CR's TO-5 can up to 600 PIV CR81/25-600 .. 1.00 G40
NPN SILICON PLANAR | OF GERM. POWER [ U3l 20 8il. Planar NPN trans. low noise amp 2N3707 ... ... 0.50 | Q41
BC107/8/9, 10p each; | TRANSISTORS. UB2__ 25 Zener diodes 400mW D07 case mixed volts, 3-18 .. 0.50 | Q42
50-99, 8p; 100 up, § For mains driven out- —— - = Q43
8p each; 1,000 off, | put stage of Ampiifiers | U33 15 Plaatic case L amp silicon rectiiers IN4000 series. ... 0.50 | 44
7p each. Fully tested | and Radio receivers. U34 30 8il. PNP alloy trans. TO-5 BCY26, 28302/4 ... .... 0.50 | Q40
Eoct WD e, S O Rp (S RICE | g5 25 Sil. planar trans, PNP TO-18 252800 050 | 818
U86 25 8il. planar NPN trans. TO-5 BFY50 51/52 0.50 | Q48
o 50F|13E1(E . U37__ 30 8il. alloy trans. 80-2 PNP, OC200 28523 ... ... ... 0.50 ggg
me 50p Pack of your 3 b citoni 5
own choice free with 2N305 115 WATT I_I.}S 20 Fast switching sil. trans. NPN, 400Mc/s 2N3011 0.50 Q51
orders valued £4 or over. SIL. POWER | U39 30 RF gerni. PN trans. 2N1303/5 TO-5. . . 0.50 | Q52
NPN T30 10 Dual trans. 6 lead 105 282080 . “o.50 | 93
g{gﬁ%N§§%F ggﬁi\k OUR PRICE 63p BACH | 4] 95 RF germ. trans. TO-1 OC45 NKT72 - 0.50
SISTORS. RF MIXER U42 10 VHF germ. PND trans. TO-1 NKT667 AF 117.... .. 0.50
& OBC,
MHZ. US%P ATSO RQ%O FULL RANGE OF
PLACEMENT FOR | ZENER DIODES Code Nos. mentioned above are given as a guide to the type of device
AF139-AF186 & 100's | VOLTAGE RANGE | in the Pak. The devices themselves are normally unmarked. Our
OF OTHER USES IN | 2-33V. 400mV (DO-7

VHF. OUR SPECIAL
LOW PRICE:—1-24 37p
each, 25-99 34p each
100+ 30p each.

FET’S
2N 3819
2N 3820
MPF105

CADMIUM CELLS
ORPI12 43p
ORP60. ORPSL 40p each

PHOTO TRANS.

OCP71 Type. 43p

SIL. G.P. DIODES £p
300mW 30

40P1V (Min.) 100 . 1 50
Sub-Min. 500 .. 5.00
Fulj Teated 1,000 .. 8.00

Ideal for Organ I{ullders.
—_— e

D13D1 8ilicon Unilateral
switch 50p each.

A 8ilicon Planar, mono-
lithic integrated circuit
having thyristor elec-
trioal characteristics, but
with an anode gate and a
built-in "‘Zener” diode
between gate and
cathode. Full data and
application circuits avall-
able on request.

646

Case) 13p ae. 14W (Top-
Hat) 18pea. 10 W (S0-10
Btud) 25p ea. Al fully
tested 0% toi. and
marked. State voltage
required.

B e ——— e e

BRAND NEW TEXAS

GERM. TRANSISTORS
Coded and Guaranteed
Pak No. EQVT
Tl 8 2G371A 0OC71
T2 8 26374 OC75
T3 8 2G3744A 0C81D
T4 8 2G381A 0C81
T5 8 2G382T 0C82
T6 8 2G344A OC44
T7 8 2G345A 0C45
T8 8 2G378 O0OCI8
T9 8 23994 2NI1302
T10 8 2G417 AF117

All 50p each pack

2N2060 NPN SIL. DUAL
TRANS. CODE D1699
TEXAB. Our price 25p
each.

8il. trans. suitable for
P.E. Organ. Metal TO-18
Eqvt. ZTX300 5p each.

Any Qty.

price 10 hoards,

PRINTED CIRCUITS-—EX-COMPUTER

Packed with semiconductors and components,
10 boards give a guaranteed 30 trans and 30 diodes.
50p. Plus 10p P. & P.
100 Boards £3, P. & P. 30p.

GENERAL PURPOSE GERM., PNP POWER

Coded GP100. BRAND NEW TO -3 CABE. PO88. REPLACEMENTS
FOR:— 0C25-28-29-30-35-36. NEKT401-403-404-405-406-450-451-452—
2N250A, 2N458A-45TA—4584A,

433,

TRANSISTORS

T13027-3028,

2G220-222. ETC,

SPECIFICATION

VCBO 80V VCEO 50V IC 10A PT 30 WATTS HFE 30-170.
~24

PRICE

25-99

439 each  40peach

0 up

36p each

2N511-511 A & B,

Coded GP300,

GENERAL PURPOSE SILICON NPN

POWER TRANSISTORS

BRAND NEW TO-3 CASE. POSSIBLE REPLACE-

MENT FOR:—2N3055, BDY20, BDY11.

VCBO 100V, VCEO 60V, IC 156AMPS, PT. 115 WATTS. Hte 20-100.

SPECIFICATION

FTI MHZ.

PRICE 1-24 25-99
56peach  50p each

100 +
47p each

TRANSISTOR EQUIVALENTS BOOK.

A complete cross reference and equivalents
book for Enropean, American and Japanese
Transistors. Exclusive to BI-PAK 75p each.

GERM. POWER TRANSISTORS

Price
Type each
0C20 50p
0c22 30p
0C23 33p
0C25 25p
0c26 25p
0C28 40p
0C29 40p
0025 33p
0036 40p
ADI140 40p
AD142 40p
AD149 43p

GENERAL PURPOSE NPN SILICON SWITCHING TRANS.
TO 2N706/8, BSY27/28/95A, All usable devices no open or short clrcuite.
ALSO AVAILABLE in PNP 8im.

please state preference NPN or PND.
£

20
50

D
0.50
1.00

100
500

For
For

to 2N2906, BCY70.

2p
1.75
7.50

For
For

TO-18 SIM.

When ordering

£p
1000 For
13.00

OUR 8TOCKS of individual devices are now
t00 numerous to mention in this Advertice-
ment. Send B.A.E. for our listing of over

1,000 Semiconductors.
8tock at very competitive prices.

All avallable Ex-

HIGH POWER SILIOON PLANAR
TRANSISTORS. TO-3.

FERRANTI ZT1487 NPN

VCB60 iec 6A 1. 1M/cs
VCE40 Ptot. T3W
VEBS hFE15-45

PRICE 30p EACH

RTL MICROLOGIC CIROUITS

Dual-in-Line Low Profile Sockets

Price each

Epoxy TO-5 casc 1-24 256—99 100 up 14 and 16 Lead Sockets for use with
uL.800 Buffer 335p 33p 27p Dual-In-Line Integrated Circults

uL914 Dual 21/p

gate 35p 33p 27p Price each

ul823 J-K flip-flop 50p 47p 45p Order No. 1-24 25-99 100 vp
Data and Circuits Booklet for I1.C's. T80 14 pin type 30p 27p 25p
Price 7p. TBO 16 pin type 35p 32p 30p

www.americanradiohistorv.com
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~-the lowest prices!

NOW LOWER THAN EVER|PRICES
—GREATER RANGE

BI-PAK Bemiconductors offer you the largest and most popular
range of I.C's available at these EXCLUSIVE LOW PRICES. TTL

14 and 16 pin packages.

BI-PAK
Order No.

BPO) = 7400
BPO1 = 7401

BP02 = 7402
BP03 = 7403
HPO4 = 7404
BP10 = 7410
BP13 = 7413
BP20 = 7420
BP30 = 7430
BP40 = 7440
BP41 = 7441
BP42 = 7442
BP47 = 7447
BP50 = 7450
BP31 = 7451

BP83 = 7453

BP84 = 7454
BPG0 = 7460
BP70 = 7470
BP72 = 7472
PB73 = 7473
BP74 = 7474
KP75 = 7475
BP78 = 7476
BP80 = 7480
BPr8l = 7481
BPB2 = 7482
BP83 = 7488
BP86 = 7486
BPY0 = 7490
BP9l = 7491
BPU2 = 7492
BPY3 = 7493
BP94 = 7491
BPY5 = 7495
BP48 = 7496

BP100 = 74100
BPL18 = 74118
BPI121 = 74121
BP141 = 74141
BP145 = 74145
BP151 = 74151
BP153 = 741563

BP191 = 74101

Digital 74N Series fully coded, brand new. Dual in-line plastic Order Price per
No. Qty. Description PAK
84al 150 Germ. Trans PNP Mixed lota 0.50
Pnue and qty. prices
Similar Types to:—Deseription 24 2o 100 e S oAy R o oo iy
o k .
Quadruple2-input NANDgate . 023 0.20 0.5 | 2A3 I e e PNP o
Quadruple 2-input positive NAND 8A7 100 il planar Trans. TOS plastic NPN 80GmW 1.00
Qe S et e P OE CE0 018 ] g 100 il planar trans. TOI8 plastic NPN 600mW .. 1.00
gates o - - . 0.23 0.20 0.15 8A9 100 8il. planar trans. plastic NPN med. & high gain 1.00
Qumsruplenﬁ-lnput positive NAND DIODES
gates (with open-collector output) 0.23 0.20 0.15
Hex Inverters o o020 o015 | 8B 200Qa OenndTiodalGen, B oo
Triple 3-Input positive NAND gates 023  0.20 015 | B2 20 S EtennehaL . somA 0.50
ual 4-lnput 8chin .. 0.35 0.32 0.29 p R & °
Dual d-input positive NAND gates  0.23  0.20 0.15 | 8B4 200 i1 TP IDIodes]200 07 A 0550,
8-input poaitive NAND gates .. 0.23 0.20 0.15 8BS GCo SiljandlGeroyp ediDiodes 0250
?g’;l éomp“" poaitive] NAND) buﬂera 0.23 0.20 0.15 The following are all new and Fully Tested Transistor Packs.
e e e Hg? e O G G4 || e 50 PNP Trane Mixed all coded Germ. .. 1.00
lofl " 87 0.77 0.67 gTQ 43 %TP‘;I geerm TO- \)2(2}(}%‘5?% E(()](\Z‘L 2N1302 AClZ7 1-00
- : . T3 4 NT rm. AF. 2G¥’ 71-78 -00
Bf{’,,;*gf;g;fg;““‘ ""““’d""’d"‘e“ La 130 120 | ¢ % PP - Gemn. ViU 20407L—AF117—00170 oo
Eixpandable dual 2-input and-or- o 0 05 STs 30 PNP Metal Alloy VHF 800m/cs Trans. 1.00
D B Pty ey o Ry 8T8 10 PNP/NPN Assorted Trans all coded 1.00
gates 0.28 0.20 0.15 8T7 40 D1374 RF Trans Lqvt. A8Y52, 0C44/45 1.00
Quad 2-input” expandable 'nnd-éi- : : 8T8 40 2N706 NPX Switching 8il. Trans. - 1.00
Invert 0.23 0.20 0.15 8T9 30 2N708 NPN 8il. Trans. 1.00
4-wide 2-input and-or-invert gates 028 0.2 o015 | 8110 SOR X SSIN LB JT o] he
Dual 4-input expander 0e3 02 ol | ST B R A e W00
SinglepliaselTikingfiop 0% 932 02| §ua 25 SE9N3646 NPN TO-18 plastle 160in/cs 1.00
Master-siave J-K flip-flop . 0.35 0.32 0.29 811, A AT L e Oln 100
PDual master slave J-K tlip- ﬂop 0.43 0.40 0.37 & 40 R 283010 Sil. Alloy Trany - o .
Dual D type tiip-flop 0.48 ©0.40 0.37 When ordering please miention PAK Order No. Ir all cases.
Quad Iatch 0.47 0.45 0.43
Dual J-K with pre-set and clear 0.47 0.45 0.43
Cated full adders - 0.87 0.77 0.67 NOTE THESE PRICES!
16-bit read/write |nemory 1.35 1.25 1.15
2-bit binary full addera 1.30 1.20 1.00 ’
Quad full adder g 0.87 0.77 0.87 1.C’s DTL 930 SERIES LOGIC
Quad 2-input exclusive or gntes 0.80 0.70 0.60 Type Price
BCD decade counter o 0.87 0.77 0.87 No. Fuanction 1-24  25-99 100 up
-Dit shift registers . 121 1.00 0.87 $3P930  Expandable duel 4-lnput NAND .. 23p  20p 15
Divide-by-twelve counters .. 0.87 0.77 0.87 BPY32 Expandable dual 4-input NAND buffer 25p 23p 20p
4-bit binary ccunters 0.87 077 0.67 BF933 Dual 4-input expander .. . 25p  23p  20p
Dual entry 4-hit shift reglster 0.87 0.77 0.67 BPU3s Expandable Hex Inverter .. o . 25p 23p 20p
4-bit up-down shift register . . 0.87 0.77 0.67 BPy36 Hex Inverter 25p 23p 20p
5-bit parallel in parallel out shift- BP944 Dual 4-input NAND expandable ‘bufter without
register o - 1.10 1.00 0.90 pull-up 25p 23p 20p
8-bit bistable latches 1.75 1.65 1.55 BPO45 Master-siave JK or RS - . . . 35p 32p 29p
Hex set-reset latches N 1.30 1.20 1.00 RPY46 Quad, 2-input NAND . v o . 23p 20p 15p
Monosiahle inultivibrators .. 0.87 0.77 0.87 BP948 Master-slave JK or RS . . . . 35p 32p 29p
BCD-to-decimal decoder/driver 0.87 0.77 0.87 BPus1 Monostable .. . — . . 80p 85p 80p
BCD-to-decimal decoder/drivers 1.80 1.70 1.60 BP962 Triple 3-input NAND o3 . 23p 20p 15p
8-bit data selectors (withstrobe) .. 1.40 1.30  1.20 BP9093  Dual Master-siave JK with separate ciock 80p  75p  70p
Dual 4-line-to-1-line data selectors/ BP9094 Dual Master-slave JK with separate ciock 80p 75p 70p
multiplexers . 140 130 1.20 BP9097  Dual Master-slave JK with Common Clock . 80p  75p  70p
Binary counter reveraible 3.50 3.26 3.00 BPY099  Dual Master-slave JK Common Clock 80p 75p  70p

74 Series T.T.L. 1.C’s

PRICE-MIX. Devices tnay be mixed to qualify for quantlty prices.
PRICES for quantities in excess of 501 pieces mixed, on application.

Data is available for the above Series of Integrated Clrcuits in booklet form, price 13p.

SPECIAL CLEARANCE LINES
LEFT OVER FROM POSTAL STRIKE

Over 1 Miilion Bemiconductors must be sold.

UNSORTED/UNTESTED/UNCODED/UNBEATABLE VALUE

Order any or all of these Bargain "SALE™ PAKS listed below “NOW"’

application. (DTL 930 Series only.)

Devices may be mixed to qualily for quantity price. Larger quaatity prices on

TTL INTEGRATED CIRCUITS

Manufacturers' “Falt outs”—out of spec. devices including tunctional unita and

PAK No.

UIC00 = 12 x 7400N
UIC01 = 12 X 7T40IN
UIC02 = 12 X 7402N
UICH3 = 12 X 7403N
UIC04 = 12 X T404N
UIC05 = 12 X T495N
UICIO0 = 12 X 7410N
UIC20 = 12 X 7420N
UIC40 = 12 X 7440N

5
UIC4l = 5 X T441AN 50p UIC?6 =

part funetion hut classed a3 out of spec. irom the manufacturers’ very rigid specifica- 1.C's and experimental work.
tiona. Ideal for learning about 1.C's and experimental work. Pak No. Pak No.

K No. PAK No. UICY30 = 12 x 2A 930 .. 50p UIC948 = 8 X (1A V48 50p
50p UICH2 = § X 7460N 50p UIC80 = § X 7480N 50p UIC932 = 12 x 1A 932 .. 50D UICO51 = 5 X (A 951 50p
50p UICH0 = 12 > 7450N 50p UICB2 = 5 X 7482N 50p UICu33 = 12 X {£A 938 .. 50p UICY61 = 12 X [LA 961 50p
50p UIC51 = 12 > 745IN 50p UIC83 = 5 X 7483N 50p UICY356 = 12 X (LA 935 .. 50p UICH003 = 5 X (A 9093 50p
50p UIC60 = 12 > 7460N 50p UIC8G = 5 X 748G6N 50p UIC936 = 12 X (1A 936 .. 50p UIC9094 = 5 X (A 9094 50p
50p UICi0 = 8% 7470N 50p UIC90 = 5 X 7490N 50p UICY44 = 12 X (LA 944 .. 50p UIC9097 = B X LA 9097 50p
50p UICT2 = 8 x 7472N 50p UIC92 = 5 X 7492N 50p UIC945 = 8X LA 945 .. 50p UICHO99 = 5 X [1A 90 50p
50p UJC73 = 8 x 7473N 50p UIC93 = b X 7493N 50p UICH46 = 12 X (A 946 50p UIC x 925 Assorted 930 Serles 2150
50p UICT4 = 8 x 7474N 50p UICA4 = 5 X 7494N 50p Packs cannot be split but 25 Assorted Pieces (our mix) ls available as Pack UICX9.

0p UIC78 = 8 X 7475N 50p UICY5 = 56 x 7495N 50p Every Pak carries our BI-PAK Satisfaction or money back guarantee.
8 x 7476N 50p UICH6 = 5 X 749N 50p Data Booklet available for the BP930 Series, PRICE 13p
UICX1 = 25 X Assi'd 74'a £1.50

Packs cannot be split but 20 assorted pieces (our mix) is available as PAK UICX1.
Every PAK carrles our BI-PAK Satisfaction or money back GUARANTEE.

BRAND NEW LINEAR I.C's—FULL SPEC

Type No,

RP 201C-—81L201C
BP 701C—81,70IC
BP 702C--8L702C
BP 702—72702

BP 709—72709

BP 709P—!1LA709C
BP 711—£A711
BP 741—72741

A 703C—12A703C
TAA 263—

TAA 293-

JUNE 1971

Case Leads  Description
Q-1 8

T G.P. Amp

TO-5 8 0P Amp

TO-5 8 OP Amp Direct OP

D.LL 14 G.P. OP Amip (Wide
Band)

D.T.L. 14 High OP Amp

TO-5 8 High Gain O Amp

TO-5 10 Dual comparator

D.LL. 14 High Gain OP Amp
(Protected)

TO-5 6 R.F.-1.F. Amp

TO-72 4 A.T. Amp

TO-74 10 G.P. Amp

—‘2 4

83p
63p

All prices quoted in new pence .Giro No. 388-7006

DTL (Diode Transistor Logic) INTEGRATED CIRCUITS manufacturers *'Fall outs™—
out of apec devices including functional units and part functional but classed as out
of spee from the manufacturers very rigid specifications. Ideal tor learning about

Please send all orders direct to warehouse and despatch depar{ment

25—99 100 up
45p
BOp 45p
50p 46p
45p 40p
45p  40p
4bp  40p
50p 45p
‘8l P.O.BOX6, WARE - HER
i .0. B 6, WARE - HERTS
D D r 3
75p  70p Postage and packing add 7p. Overseas add extra for airmail.

Minimum order 50p. Cash with order please.

Guaranteed Satisfaction or Money Back

www.americanradiohistorv.com
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DENCO (CLACTON) LIMITED |
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

s

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 ... 15p
DTB4 Transistor & Valve circuitry for D.P. Coiis 15p
DTB9 Valve Type Coil Pack Application circuitry ... 15p
MD.1 Decoder Circuitry for Stereo Reception 20p

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

a5 i) A T e e S

THE MCDERN BOOK CO

1971 THE RADIO AMATEUR’S HANDBOOK
by THE AMERICAN RADIO RELAY LEAGUE
£2.60 Postage 25p

Pickups & Loudspeakers 20 Solid State Projects for the Car & Garage
by John Earl. £3 Postage 10p by R. M. Marston. £1.20 Postage 5p

Solid State Devices & Applications Security Electronics

by Rhys Lewis. £2 Postage 10p by J. E. Cunningham. £1.70 Postage 5p

Guide to Broadcasting Stations
by Wireless World. 50p

VHF-UHF Manual
by G. R. Jessop. £1.05

Tape Recorders
by H. W. Hellyer. £2.25

Postage 5p Postage 10p

Simple Short-Wave Recelvers

Postage 10p by F. A. Baldwin. 80p Postage 5p

The Hi-Fi & Tape Recorder Handbook Tuners & Amplifiers
by Gordon J. King. £2 Postage 10p by John Earl. £2.10 Postage 10p

Transistor Manual

T.V. Fault Finding
by J. F. Cleary. £1.05 Postage 10p

by J. R. Davies. 50p Postage 5p

Radio Valve & Transistor Data Radio Communication Handbook
by A. M. Ball. 75p Postage 10p by R.S.G.B. £3.156 Postage 25p

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

648 THE RADIO CONSTRUCTOR
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LATEST
BOUND VOLUME
No. 23
“The Radio Efonstructor”

FOR YOUR LIBRARY

AUGUST 1969

oo pagand to JULY 1970

772 pages
plus index

PRICE £1.88 Postage 28p

SPECIAL DISCOUNT OF 50p

If you already have the copies comprising
the volume, just cut the heading from each
month's contents page, including title and
month of issue, and send with your remit-
tance, deducting special discount of 50p.

Thus, while having a splendid bound vol-
ume containing issues in mint condition, old
copies will be retained for workbench use.

PRICE £1.38 Postage 28p
We regret that, owing to increased costs,
the special discount will be discontinued
after 30th June next.

REVERBERATION UNIT KIT

6 transistor reverberation chamber to which
microphones, instruments, etc., may be con-
nected for added dimensional effect. The out-
put is suitable for most amplifiers and the
unit is especially suitable for use with elec-
tronic organs. A ready-built spring and trans-
ducer assembly is used.

Complete easy-to-build kit, with constructional notes and circuits
£7.50. Pre-drilled and printed case £1.70. All parts availatle
separately. Send 5p for circuit and construction details.

WAH-WAH
PEDAL KIT

The Wilsic Wah-Wah pedal comprises a
SELECTIVE AMPLIFIER MODULE KIT,
containing all the components to build a
two transistor circuit module, which may
be used by the constructor for his own
design or fitted to the FOOT VOLUME
CONTROL PEDAL (as photo) converti\ng
it to Wah-Wah operation. This pedal is in strong fawn plastic an
fitted with output lead and screened p|u5, elective amplifier
module kit £1.75. Foot Volume control pedal £5.13. COMPLETE
KIT £6.50. Add 38p for assembly of module,

I-C STEREO AMP KIT

A new kit from Wilsic to build a hi-fi inte-
grated circuit stereo amplifier. 3 watts per
channel with full tone controls and attractive
veneered cabinet, or may be built into plinth
unit, Complete amp kit with stabilised power
pack £21.45; with economy power pack
£18.50. Cabinet kit: teak 73}p, mahogany
66p. Full plans and detailed prices 10p.

Send 15p for latest catalogue with full details, circuits, etc., amd
SPECIAL DISCOUNT ORDER FORM.

5 WILSIG ELEGTRONICS LTD.

6 COPLEY ROAD, DONCASTER, YORKS

Limited Number of Voiume 22
Price £1.75 Postage 28p

{August 1968 to July 1969) still available
We regret earlier volumes now completely
sold out.

Available only from

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

JUNE 1971

TECHNICAL TRAINING
in Radio, Television and

BT 190 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
opportunily to acquire, quickly and easily, the
specialized training so essential to success
Diploma Courses in Radio, TV Engineering and
Servicing, Colour TV Servicing, Electronics, Com
puters, etc. Expert coaching for

* .&G, TELECOMMUNICATION TECHNICIANS CERTS
& [ &G. ELECTRONIC SERVICING

+ H.T.E.B. RADIO AND TV SERVICING CERTIFICATE
# RADIO AMATEURS EXAMINATION

# RADIO OPERATOR CERTIFICATES

Examination Students Coached until Successful
NEW SELF-BUILT RADIO COURSES

Build your own S5-valve receiver, transistor port-
able, signal generator, multi-test meter—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.
Member of Association of British Correspondence Colleges.

INTERNATIONAL CORRESPONDENCE SCHOOLS

A Dept. 248, Intertext House, Stewarts Road. I ondon, SW8 4UJ

Name. ... . . Age.. I
l BLOCK CAPITALS PLEASE
Address. l

.......... 6.74 l

h——————————————.u
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NEW R.M. BOOKS

LOW COST
PROPORTIONAL

The theory and practice of simple pro-
portional control systems for models,
plus:

@® Over a dozen special circuits.
® Theoretical diagrams.

® Component lists.
L

Full-size and twice-size practical
diagrams.

@ Full-size and twice-size Printed Circuit
designs.

@ Clear description of operation of each.
® Practical application gen.

Build yourself: @ Transmitter @ Coders
® Pulsers @& De-coders @ Switchers
Plus a wealth of ancillary
electro-mechanical items

A really practical book on the updating of single
channel control systems to proportional, from the
simple rudder-only, to full dual proportional, plus
engine control.

ALL THIS GEN FOR ONLY £1.5 (21/-)
Plus 5p. (1/-) postage and packing

THE SINGLETSET

Stage-by-stage instructions to build a . . .
# Single channel transmitter
@ Superregen receiver

@ Superhet receiver

All clearly illustrated with actual-size and enlarged
placement and p.c. diagrams, theoretical circuits,
& easy-to-understand ‘“how-it-works” descriptions.
Just the thing for modellers starting electronics
and electronic hobbyists starting modelling! All
in this 16-page booklet — price only 30p (6/-).

Plus postage and packing 2%p. (6d.)

ON SALE NOW at all leading model
shops or direct from:—

RADIO MODELLER, BOOK SALES,
64 Wellington Road, Hampton Hill, Middx.
IMMEDIATE DELIVERY

Y
A
\‘

A

s
s
VA
\e]

u

]

Mortgage
Protection

1s 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

5304
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BlI-PRE-PAK

MITED

FULLY TESTED AND MARKED

CLEARANCE LINES

OC71 & OC72 transistors, unmarked, 5p
fully tested.

TiC45 thyristors; .6 amp, 60 volts 15p
fully marked and tested, Texas plastic.
CRS25/025  thyrisistors, 25 amp,

25 volts. 25p
LC.'s fully marked and tested by

A.E.l. Gates 25p. Flip Flops 50p.

709C linear amp. To-5 can. 50p
1 watt zener diodes, 7.5V, 6.8V, 5p
24V, 27V, 30V and 43V.

OA47 gold bonded diodes. 3p

AC107 .15 0C140 A7
AC126 .13 0C170 .23
AC127 A7 0oC171 .23
AC128 13 0C200 .25
AC176 1] 0C201 .25
ACY17 .15 2G301 13
AF139 .13 2G303 A3
AF186 37 2N711 .50
AF239 37 2N1302-3 ,20
BC154 .25 2N1304-5 .25
BC171 2N1306-7 .30
= BC107 .13 2N1308-9 .35
BC172 2N3819FET .45
= BC108 .13 Power
BF194 .15 Transistors
BF274 .15 0C20 .50
BFYS50 .20 0C23 .30
BSY25 37 C25 25
BSY26 .13 0C26 .25
BSY27 a3 0ocC28 .30
BSY28 13 0C35 .25
BSY29 .13 0C36 37
BSY95A A3 AD!149 30
0OC41 a3 AUYIO 1.25
OC44 13 2N3055 .63
0C45 A3 25034 .25
0oC71 .13 Diodes
0C72 .13 AAY42 .10
0C73 a7 OA95 .09
oce) 13 OA79 .09
OC81D 13 0AB8I 09
oC139 13 IN914 .09

' Packs of your own choice
g up to the value of .50

with orders over £4,

COLOUR T.V. LINE OUTPUT TRANSFORMERS
Des: n=d to give 25KV when used with PL509
gY500 valves. As removed from colour
recewers at the factory.
ONLY £1 each. Post and Packing .25

SPECIAL LINE
1 _AMP Bridge Rectifiers — }” Square.
100 PIV - ,25 400 PIV - .37 800 PIV - .50

COMPLEMENTARY SET.
PAK F.3 EMENTAR A3
GERM. TRANS. PAIR

BUMPER BUNDLES

These parcels contain all types of surplus elec-
tronic components, printed panels, switches,
potentiometers, transistors and diodes, etc.
WEIGHT 2 LBS. COSTS ¢£1
POST & PACKING .25

0C200/203 range.

the 2N3702/3 and 2N4059/62 range.

9,10, V1 range

TYPE “E” PNP Germanium AF or RF — please state on order.
TYPE **F' NPN Silicon, plastic encapsulation, low noise amplifier, of the 2N3707/8,

OUR VERY POPULAR 3p TRANSISTORS

FULLY TESTED & GUARANTEED.
TYPE *"A” PNP Silicon alloy, metal TO-S can. 25300 type, direct replacement for the

TYPE “‘B"" PNP Silicon, plastic encapsulation, low voltage but good gain, these are of

Fully marked and tested.

NEW TESTED & GUARANTEED PAKS

AN ol oA 50p
A A, S 50p
B8l |0 ﬁ?—:ﬁ S;‘lti’tc:\_:\sé”mixed types 50p
BT 200 el it Foress TS 0p
weight
4250 gé;g:g,tx’“:'::::;y."‘::‘:ﬁas°t:,50p
at 40 W;::wa‘:nudndva'llue:sl“grossta?eix;g50P
H_B - 4 IBg[J'O)JPI?/i.LIRae:lsp. plastic 50P
W Zg i s 50p
M2 20 Jrind e seock Gesrance S0P
“IT10 SSTZS sk vk 1 50p
510 95 BIP e 50p
20 SeI 33 B T 50p
H29 20 2;::5 gold ‘bonded diodes [ SHP

F.E.T. PRICE
BREAKTHROUGH ! ! !

This field effect transistor is the 2N3823 in a
plastic encapsulation coded 3823E. It is an ideal
replacement for the 2N3819

1-10 = 30p, 10-50 — 25p, 50 pius - 20p.

ANNOUNCING THE OPENING OF
OUR ENTIRELY NEW CASH &
CARRY DEPARTMENT. ON-THE-
SPOT SALES OF ALL CATA-
LOGUED ITEMS, PLUS MANY
OTHER LINES OF INTEREST.

Reductlons for bulk
4 buying.

-*‘.‘,' Manufacturers welcomed.
v These are but a few
examples:
0C44, 0OC45, 0Cs8t,

OC139, 1N4007 -
all at 8p

1N4001 at 4p,

1N4004 at 5p,

1N4006 at 6p.
Minimum quantity 500.

SEMICONDUCTOR
SUPERMARKET
OF THE
SOUTH EAST

MAKE A REY. COUNTER for your Car, The
‘TACHO BLOCK’, This encapsulated block will

NEW UNMARKED UNTESTED PAKS | turn any 0-ImA meter Into a perfectly finear
280 Dual Trans, Matched O/P 50 and accurate rev, counter for £1 each
pairs NPN., Sil, in TO-5 can. any car.
B3 zooTrans Makers rejects, NPN/ 50
PNP. Sil, & Germ. * .-
B84 7g0STticon D‘%;’zo%% "{’ 50 FREE CATALOGUE AND LISTS for:
equiv._to A202. ° ZENER DIODES
886 Sil. Diod b. IN914
o 50 3" INTE "arpes. 50 I TRANSISTORS, RECTIFIERS
] 3 .
50 i:.'u.v.‘.::?m ocxse/ 1 -50 FULL PRE-PAK LISTS
IN706A, BSY9SA, etc. & SUBSTITUTION CHART
Bé0O ]07 Watt Zener Diodes.
Mixed voltages. .50
Hé 40 250mW.  Zener Diodes 50 FMINIMUM ORDER .50 CASH WITH
e oo nin._Glass Type. ORDER PLEASE. Add .10 post and packing,
25 Mixed vols 14 wact Zeners. 50 fper order. OVERSEAS ADD EXTRA FOR
POSTAGE.
Bé6 High quality Germ, Diod
150 Mﬁ\ gqlass tt)')'pe .50
H1S Top Hat Sili Rectifiers.
30 728 Miees votes. 50 P.0O. RELAYS 8 FOR
H1é Experimenters’ Pak of Inte- 50 Vari C d Coil
NG o 4 - arious Contacts and Coi
W10 90 g?:;sn'rs‘::‘sm:;s;::"_ 50 Resistances. No individual £1‘
fiers. 1A. plastic to 1.000v. * selection. Post and Packing .25

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS

BI-PRE-PAKLTD

DEPT. C, 222-224 WEST ROAD, WESTCLIFF-DN-SEA, ESSEX
TELEPHONE: SOUTHEND {0702) 46344

JUNE 1971
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HOME RADIO (Components) LTD., Dept. RC, 234-240 London Road, Mitcham CR4 3HD. Telephone : 01-648 8422

Try the Home Radio quiz!

Ordering components is easier
and quicker with our CREDIT
ACCOUNT SERVICE

With the Home Radio Credit Account
Service you can order components
by telephone any time, any day. if you
phone out of shop hours a recording
machine takes your message for us
to deal with when we open shop next
day. If you want to order by post we
provide Order Forms and Prepaid
Envelopes. You settle your account
just once per month. Of course for
ordering your components you first
need our Catalogue, and after you
have been in the Service 12 months
we regularly send you an up-to-date
catalogue — FREE !

For full details of our Credit Account
Service just drop us a line or phone
01-648 8422.
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~..and your
BONUS QUESTION is

What goes 4o
mﬂ@%@
mm;m

The answer to the Starter question is obvious — the
ubiquitous HOME RADIO COMPONENTS CATA-
LOGUE. You all got that right! And the answer
to the Bonus question is — the same! May we
explain “this most ingenious paradox” ? The price
is now 50 pence, but with each catalogue we now
include 10 vouchers each worth 5 pence, when
used as directed. This means that if you spend a
quite modest sum in ordering components from
us over a period the catalogue will have cost you
nothing — bar 20 pence for post and packing.

So then — for today’'s most useful electronics cata-
logue, 50p if you call and collect, or 70p if you
send the coupon with a cheque or Postal Order.
Join the winning team - act now!

POST THIS COUPON NOW
with your Gheque or P.0. for 70p

The price of 70p applies only to catalogues purchased
by customers in the U.K. and to BFPO addresses.

____________.I

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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THE 'SPONTAFLEX" S.A5
M. & LW. PORTABLE

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

The author reintroduces his ‘Spontaflex’ Super Alpha tuner

circuit in this medium and long wave receiver. The resuit

is a set which, despite its single tuned circuit, offers an
exceptionally high level of selectivity and sensitivity

HIS DESIGN INCORPORATES A

modified  ‘Spontaflex’ Super

Alpha tuning head with a slight-
ly altered ‘Sliding Challenger’ ampli-
fier,* and the result is, in the author’s
opinion, the best medium-long wave
portable receiver that he has yet
published in this journal. Its ratio
of selectivity to sensitivity is quite
outstanding for a single tuned cir-
cuit receiver. A large number of

* The ‘Spontaflex’ Super Alpha principle
was introduced in ‘The ‘‘Spontaflex’’ S.A.4
Transistor Portable’, published in the

May 1968 issue. ‘The ‘‘Sliding Challenger’’,
published in the August 1970 issue, dealt
with the a.f. amplifier circuit of that name.

stations can be received on the
medium wave band with the panel
mounted reaction control preset and
left alone throughout the band, and
output is ample for portable use.
Sensitivity is equally high on the
long wave band, but tuning range
is restricted here, and this band
should be looked upon as being for
reception of Radio 2 only.

CIRCUIT OPERATION

The circuit is shown in Fig. 1.
The working of the ‘Spontaflex’
Super Alpha circuit was fully de-
scribed in the issue for May 1968,

The completely assembled receiver in its case

www americanradiohistorv. com

and the ‘Sliding Challenger’ ampli-
fier was similarly explained in the
August 1970 issue.

Pick-up on the medium wave
band is given by L1. This is a
variable inductance ferrite rod
assembly in which tuning is effected
by causing a 6in. ferrite rod to
move into or out of the coil. A
high inductance to capacitance ratio
is necessary for the efficient working
of this circuit, and capacitance is
restricted to about 40pF from VCl
and strays. On the long wave band
an extra inductance, L3, on a 4in.
ferrite rod, is introduced, together
with an extra shunt capacitor, CS.
This capacitor should cause Radio 2
to be tuned in with the 6in. rod al-
most fully in L1 for best results;
82pF will probably prove right, but
if Radio 2 cannot be found a slightly
larger capacitance, say 100pF, may
be used. Alternatively a 140pF
trimmer may be used for C5. Do
not be worried about the long leads
that connect to L3 in the practical
version of the circuit. What is im-
portant here is that L3 must be
kept well away from other compo-
nents, and that the metal frame of
the adjacent speaker should be con-
nected to the negative supply line.

An additional feature on the
long wave band is that C6 roughly
tunes the intermediate r.f. load to
1,500 metres. Tuning of this particu-
lar circuit is very broad, as it is at
fairly low impedance, but some
benefit does, nevertheless, result.

At radio frequencies TRI1 and
TR2 act as a super alpha, or Dar-
lington pair, which means that the in-
put to TR1 is at very high impe-
dance. After considerable current
amplification  (several  thousand
times) by TR! and TR2 the signal
is rectified by DI and then ampli-
fied again by TR2 as a common
base amplifier, and by TRI as a
common collector amplifier. The
signal then passes to the audio fre-
quency volume control, VR2. Base
bias for TRI1 is taken from TRI1
via RS and R1, and TR2 obtains
its bias from the emitter of TRI1
through R4. Regeneration is applied
by L2 and controlled by VRI. This
reaction circuit has been modified
from earlier designs in that when
VRI1 is turned back, some damp-
ing of the intermediate load takes
place and radio frequency amplifi-
cation is reduced. The damping
effect is limited by R2 to prevent
instability which takes place, other-
wise, with VR1 at or very near
zero, when TR2 approaches opera-
tion as a common emitter amplifier.
VR3 is also necessary to prevent
instability. If this is set too close
to zero resistance there may well
be spurious oscillation. When cor-
rectly set, as described later, it
results in the oscillation position
for VR! remaining remarkably

THE RADIO CONSTRUCTOR
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Fig. 1. Circuit diagram of the medium and long wave portable.
The a.f. amplifier section is to the right of the broken line
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L)
C

constant throughout the whole of the
medium wave band.

There is a small but useful degree
of a.g.c. within the circuit. A strong
signal reduces the impedance of
D1 and consequently the input im-
pedance of TRI. Because of this
effect, it will be found that reaction
can be advanced much further than
normal with a strong signal. For
maximum a.g.c. (only applicable
with fairly strong signals). VR2
should be backed down to allow
critical reaction to be applied, with-
out overloading, while the signal
is at a low level duc to fading.
Then, as signal strength increases,
reaction will become less effective
due to damping by the lowered in-
put impedance of TRI1, and there
will be a tendency for the signal to
remain steady.

The current drawn from its bat-
tery by the tuner section is about
750uA.

The signal next enters the am-
plifier section to the right of the
dashed line. TR3 is a straightfor-
ward common emitter amplifier
feeding its output to TR4, a com-
mon collector device directly coupled

JUNE 1971

A look inside the receiver with the back cover
removed
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to the common emitter output tran-
sistor, TRS. VR4 is adjusted so that,
with no signal present, TR4 is near-
ly cut off, whereupon TRS only
passes a small current since 1t 1s
dependent for its base current on
the collector current of TR4. The
zener diode, D3, helps to hold the
voltage at the base of TR4 constant
as the battery voltage drops. With
the arrival of a signal, D2 conducts
and applies a positive voltage to the
base of TR4 which then draws more
current. TRS also draws more cur-
rent due to the increased bias
current, and the amplifier is able to
accomodate the signal. The direct
voltages at the bases of TR4 and
TRS are always slightly greater
than the signal voltage, and over-
loading is avoided. A small amount
of negative feedback of the signal
takes place due to R9 and Cl13, the
presence of C13 ensuring that d.c.
conditions are not affected. Rl
limits the current that can be passed
by TRS, and maximum output is
obtained when half the battery vol-
tage is dropped across the speaker
and R11. Under this condition TRS
will be drawing about 120mA, but
only momentarily, at peaks. The
average current at maximum output
(about 250mW) is much lower. C14
bypasses any r.f. signals which
might otherwise appear in the out-

put stage, where they could give/

rise to erratic reaction contrgl or
oscillation.

COMPONENTS

Some of the components are in
the ‘mechanical’ category, these
appearing in the assembly which
causes the ferrite rod to be moved
into and out of coil L1. The con-
trol spindle used here is a Radio-
spares spindle extender (Home
Radio Cat. No. DLS2B). As this
spindle extender is rotated, a length
of nylon cord is wound around its
large diameter section, thereby

Fig. 2(a). The plywood strip
on which the aerial tuner
components are assembled

(b). The territe rod and aerial
coil. For clarity, the rubber
band which maintains tension
on the ferrite rod is omitted
here. The Paxolin shelf pro-
jects towards the reader

(c). Showing how the tuning
scale pointer is laced up
(d). Details of the friction

washers on the tuning drive
spindle
(e). Final appearance of the
tuning scale
656
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drawing the ferrite rod along the
inside of the coil against the ten-
sion offered by a rubber band or
elastic cord. Friction is applied to
the spindle extender by an arrange-
ment of plain washers and a com-
pression spring washer, these main-
taining it sufficiently tight to ensure
that it cannot be rotated out of
position by the pull of the rubber
band. Also mounted on the spindle
extender is a 14in. drive drum with
spring, this actuating a tuning scale
pointer.

The loudspeaker is a Radiospares
component which has to be ob-
tained via a retailer. It may be
purchased by mail order from
‘Radioparts’, Market Way, Ply-
mouth. All the transistors, and diode
D2, were obtained from Amatronix,
Ltd. If difficulty is experienced in
obtaining the zener diode specified
for D3 a suitable alternative is the
type ZF3 from Henry’s Radio, Ltd.
The ZF3 is a 3V 5% 400mW diode.

CONSTRUCTING THE AERIAL
TUNER

The first section of the receiver
to make up is the ferrite rod aerial
tuning assembly and it is necessary
to obtain all the parts required
here before starting. Diagrams to
which reference is made are Figs. 2,
3 and 6.

When materials have been col-
lected, cut and drill a piece of
1in. plywood as shown in Fig. 2(a).
Holes A, B, H and J shcould be as
near the corners as practicable, and
of a size to take 6BA bolts. Holes
D, E and F should be of similar
size. C and G should te 3in. in
diameter. Next cut out a piece of
tin. plywood as in Fig. 3. Lay the
plywood strip (Fig. 2(a)) on the top
of the plywood panel and mark
out holes A, B, H, J, C and G on
the panel, through the holes in the
strip. Drill these holes through the
panel. Also drill holes K, M, L, N,
P, Q, R and S, as shown, K and L
being 2in. in diameter, M _and N
}in. in diameter and P, Q, R and S
Jzin. in diameter. Turn the panel
(Fig. 3) over, and lay it on the hard-
board panel (Fig. 6(a)) leaving a
$in. border round the edge of the
hardboard panel. Mark holes G, C,
N, M, L, and K on the hardboard
panel through the holes in the
plywood panel. Drill the holes in
the hardboard panel, L and K being
iin., G and C #in, and M and N
1in. Cut out the three rectangular
apertures in the harboard panel,
as shown in Fig. 6(a)) and put it on
one side.

Take the plywood panel again
and pass four 1}in. long 6BA bolts,
with countersunk heads, through
holes A, B, H and J so that the
heads are underneath when the
panel is lying as shown in Fig. 3,

JUNE 1971

COMPONENTS
Resistors Inductors
(Al fixed values } watt 10%) L1, L2, L3 (see text)
R1 100k L4 25mH choke type
R2 470Q CHI1 (Repanco)
R3 1k§2 LS 25mH choke type
R4 10k CH1 (Repanco)
RS 100ks:
RS [k Semiconductors
i T
RT 100k TRl SFI115
R9 M8 TR2 SF115
R10  3.3M% TR3 BCI168B
RIl 470 TR4 BC168B
VRI 5k potentiometer, [R5 BFYS51
linear Dl OAS . L,
VR2 SkQ potentiometer, D2 Silicon ‘bias diode
log, with switch S2 D3 27, 3.0 or 3.3V zener
VR3 1kQ or 1.5kQ poten- diode, 250mW. (see
tiometer, preset text)
VR4 5k@ potentiometer,
preset slider Switches
i Si 2-pole 2-way rotary,
Capacitors ) Cat. No. WS14 (Home
Cl 560pF, silver-mica Radic)
Cc2 S60pF, silver-mica S2 d.p.s.t., part of VR2
C3 4,700pF, paper or
o4 plastic foil Batteries
A uF, pa i
(f)oii‘ paper or plastic B1 Fgl {P‘L )or PPE
5 82pF 3 o Ver €aday
C te)g), silver-mica (see B2 3-off No. 800 Ever
C6 330pF, silver-mica Ready) in series
C7 2,1200pr, paper or
plastic foil Speaker
C8 g]g;ﬁlé‘, fo'lpaper or Moving-coil, 352, 7in. by
i i : —
<9 SSoF electrolytic, 4in. (Radiospares — see text)
2.5V wkg.
Cl10  4uF electrolytic, 2.5V Miscellaneous
wkg. Ferrite rod, 6in. by {in.
Cl1  0.14F, paper or plas- Ferrite rod, 4in. by #in.
tic foil 18-way group board, Cat. No.
Cl12 0.1xF, paper or plas- BTS10 (Home Radio)
tic foil 14in, drive drum
C13  0.014F, paper or plas- 23in. spindle extender
tic foil Pulley
Cl4 0.1xF, paper or plas- Nylon drive cord
tic foil 4 knobs
C15  640uF electrolytic, }in. bush
10V wkg. Speaker fabric
VCl  100pF or  140pF Perspex, hardboard, plywood,
trimmer. etc.
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the stems pointing upwards. Lock
these bolts with nuts and washers
and put the plywood panel on one
side.

The next operation is to make
the coil unit. Take a piece of Fab-
lon or Contact, 4%in. by 3in. Re-
move a 4in. wide strip of the paper
backing from one of the 4}in. edges.
Leave the rest of the paper in posi-
tion. Starting with the other 4#in.
edge wind the Fablon in the form
of a tube round the 6in. ferrite
rod so that the rod is a snug fit but
is still able to slide freely. Fasten
the tube off by means of the edge
which has had the paper removed
from it. Starting $in. from one end
of the tube, and with the rod in
position, close-wind on 200 turns
of 32 s.w.g. enamelled wire, with
each turn touching the next. This is
L1. Leave a few inches of wire free
at each end for future connections.
Leave a gap of }in. and then close-
wind on ten turns of the same wire,
in the same direction, and again
leaving a few inches af wire free at
each end. This is L2. Keep the wind-
ings in place with Sellotape. Make
sure that the rod can still move freely
within the coil. If not, start again!
Cut a %in. length of %in. diameter
wood or other insulating material,
put a few turns of Sellotape round
it to make it a tight fit in the coil
tube, and plug it in at the end of
the tube near the start of L1. Drill
through the tube and the plug, at
the mid-point of the plug, to take
a 6BA bolt.

Pass a lin. long 6BA bolt through
hole D in the plywood strip
(Fig. 2(a)) with the countersunk
head underneath. Secure with a nut
and washer. Pass on a second nut
well down the bolt, and then fit the
coil unit to this bolt by means of
the hole drilled through the coil
unit. See Fig 2(b). Fit a tight-fitting
rubber grommet to the end of the

nh2*
oA Ho
o° o
0B Jo
K M L N 82
D ® O @
Cut-out
for
speaker
Ve’
P, R A vz
‘ Qe 5
t;a"
LA 2" 35/ 334" - 8"

Fig. 3. Dimensions of the plywood panel on which the
components are mounted

coil unit near the lin. bolt, and a
loose-fitting grommet near the
other end. Tie this second grommet
to the strip through holes E and F
having first inserted the ferrite rod
into the coil. Use cord and not
wire and do not tie the cord so
tight as to bind the rod in the coil
unit. Adjust the second nut on the
lin. coil holding bolt so that the
coil unit lies parallel to the strip,
and then tighten a third nut onto
this bolt to hold the end of the
coil unit firm.

Fit a %in. bush through hole G.
With a small hacksaw cut a slot

Flexible lead

Fig. 4. Wiring up the 18-way group board
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through the wide diameter end of
the spindle extender. This slot will
be used to lock the end of a length
of nylon cord. Pass over the spindle
extender a plain washer, a compres-
sion spring washer and a plain
washer, in that order. Then pass the
spindle extender through the bush so
that its large diameter end is on the
same side as the coil former. Pass
a plain washer over the open end
of the spindle extender, and then
the 14in. drive drum with its flat
side against the plain washer just
fitted. With one finger on the end.
of the spindle extender, press hard
on the drum to compress the spring
washer, and tighten the grub screws
in the drum. The final appearance
is shown in Fig. 2(d) (in which
diagram the plywood strip has been
turned round compared with its
position in Figs. 2(a), (b) and (c)).

Tie a length of nylon cord through
the tight fitting grommet at the
end of the rod away from the coil
unit and then tie a separate piece
of cord round the grommet to hold
it tight to the end of the rod. Insert
the rod right into the coil and pass
the first piece of cord through the
slit in the end of the spindle exten-
sion, adding a knot to prevent it
from slipping through the slit. Fit
a large rubber band over the grom-
met near the bolt through the coil
tube and the grommet at the other
end of the rod. This band passes
round each grommet so that the
rod is held fully into the coil when
the cord is slack. The author found
that a suitable length of 4in.

THE RADIO CONSTRUCTOR
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‘pantie elastic’ sewn into a loop
gave best results. (The band is not
shown in Fig. 2(b).) It should now
be found that when the spindle is
turned in a clockwise direction
(looking at Fig. 2(b) from under-
neath) the band will draw the rod
into the coil, while the cord will
pull against the band and draw the
rod out when the spindle is turned
anti-clockwise.

Turn the assembly over as in
Fig. 2(c) and fit the small pulley.
This may be secured in the desired
position by a wood screw, but it
would be preferable to use a short
countersunk head bolt of suitable
size and appropriate nuts and
washers. Fit S1, as shown in Figs.
2(b) and (c). (It should be noted that
an alternative to the small pulley is
a second l4in. drum passed over the
spindle of S1 without tightening the
grub screws.)

Turn the spindle extender so that
the rod is fully into the coil. Take
a length of cord and pass it through
the hole in the drum on the spindle
extender, looping it temporarily
over the raised hook inside the
drum to hold it in place. Take the
cord in a left hand direction round
the pulley and back to the drum.
Take 2} turns round the drum in
an anti-clockwise direction, as
shown in Fig. 2(c) and pass the end
of the cord through the hole in the
drum. Pass this end of the cord
through one end of the spring. Re-
move the other end of the cord
from its temporary anchorage and
tie the two ends together tightly.
Extend the spring and pass the
other end of it over the hook in
the drum.

Cut a piece of thin Paxolin
83in. by l}in. and fasten it with
small countersunk screws to the
slot cut out of the plywood strip.
This forms a shelf for the tuning
scale. See Fig. 2(d). Fix the pointer,
which can if necessary be made from
a length of suitable wire, to the
cord so that the full movement of
the ferrite rod in and out of the
coil coincides with a full movement
of the pointer across most of the
Paxolin shelf. Cut off the end of
the pointer where it extends beyond
the edge of the shelf. A final em-
bellishment is to cut two further
pieces of Paxolin, each 8%in. by 3in.,
cover them with Fablon or Contact,
and fit them along the long edges of
the shelf. Wood screws are used for
the one fitted near the base of the
pointer, and short 6BA bolts and
nuts are used for the other strip.
Thick 4BA nuts, with additional
washers if necessary, are employed
as spacers to leave room for the
pointer which is now seen travel-
ling along the middle of the shelf,
this being the 1in. wide section not
covered by either of the narrow
Paxolin strips. See Fig. 2(e).

If operating the tuning knob re-

JUNE 1971
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Fig. 5. Final wiring steps

sults in any mechanical backlash,
this can be cured by inserting a
second %in. bush in hole G of the
plywood panel of Fig. 3. If this
is done hole G in the hardboard
panel must be made large enough
to take the nut of the bush, and if
the action is now unduly stiff a
drop of oil may be put in each
of the bushes—but not on the
washers.

COMPLETING CONSTRUCTION

The first part of the construction
has now been completed. A highly
efficient tuner, with integral slow
motion and a scale about 7iin.
long has been built at very low
cost. Before the next part of the
work is undertaken, all the compo-
nents shown in Figs. 4 and 5 should
be obtained.

Cut out the speaker hole in the
plywood panel and fit the aerial
tuner assembly over the four bolts

already in position on the panel,
so that the plywood strip takes up
the position shown in Fig. 5. There
should be nuts above and below the
strip, these being adjusted so that
the drum has sufficient room be-
tween the strip and the panel.

The 18-way group board should
be wired up as shown in Fig. 4.
The cathode of zener diode D3
(i.e. the electrode which connects to
positive when it is used as a zener
diode) connects to the junction of
R8 and VR4. The five transistors,
VR4 and CIS should stand upwards
and not extend beyond the edges of
the group board as shown, for
clarity, in Fig. 4. Other components
mounted on the group board need
not take up the exact angles shown,
again for clarity, in Fig. 4. They
may lie at suitable angles in the
interests of short and neat wiring.

The board may next be mounted,
as shown in Fig. 5. Note that it
lies with TR1, TR2 and TR3 to the

7
i
§
i
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The aerial tuner mechanism
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left, and away from the aerial tuner
assembly. In Fig. 5 the switch tag
layout of S2 (ganged with VR2) is
that encountered with the particular
component employed in the proto-
type. Other switches may have
different tag layouts, so check first
with a continuity tester before
wiring to this component. The
speaker should be screwed into
position with wood screws and a
small clip made to hold BIl. It is
convenient to cut a plywood base
measuring 74in. by 34in. for the
three No. 800 batteries, passing a
large rubber band round its 74in.
length and screwing this base to
the plywood panel. The band will
hold the batteries in position.

Coil L3 has 300 turns of 32 s.w.g.
enamelled wire closewound on a
paper sleeve fitted over the 4in.
ferrite rod. Grommets are fitted at
each end and the coil is secured to
the panel by cord passing through
holes P, Q, R and S. Extra grom-
mets, lying flat under those at the
rod ends, may be used to keep the
assembly clear of the speaker.

The metal frame of the speaker
is connected to the negative supply
rail of the receiver. This is achieved
by fitting and tightening up a loop
of bare wire around its magnet, the
loop then being covered with a
layer of insulating tape.

All the assembly and wiring
shown in Fig. 5 should now be
completed.

SETTING UP

Three setting up adjustments are
necessary, to VR4, VC1 and VR3,
in that order. First set VR1 and
VR2 fully anti-clockwise to zero,
and VR3 to a mid-way position.
VC1 should be screwed up tight
and then backed off about half a
turn. Connect a meter capable of
giving a voltage reading of 200mV
across the speaker terminals (posi-
tive lead to right-hand terminal in
Fig. 5) and adjust VR4 so that a
reading of 200mV is given. Although
this setting will probably serve for
the full useful life of the batteries,
there is some advantage in repeat-
ing the adjustment after the batteries
have been in use for about 20
hours and have settled down to
about their average useful voltage.
If the reading cannot be reduced to
200mV it is probable that Cl2 or
C13 is leaky and needs to be re-
placed.

Now adjust VR2 to maximum
and VRI close to the oscillation
point, then set the 6in. ferrite rod
right into the coil. Turn the spindle
of S1 anti-clockwise, to select
medium waves. Tune in a signal at
about 550 metres by adjusting VCI.
The medium wave band will now
be correctly covered, and Radio 2
should be received on the long
wave band with the 6in. rod almost
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Fig. 6(a)}. The hardboard front panel of the receiver case
(b). The top panel of the case

fully into L1. If Radio 2 cannot
be received C5 may be increased
to 100pF, as was mentioned earlier.

Finally, with VR1 and VR2 ad-
justed to give satisfactory results
from stations in the medium wave
band, adjust VR3 so that oscillation
starts throughout the band with as
constant a position of VR1 as pos-
sible. Note that if VR3 is set to in-
sert too little resistance into circuit
there will probably be violent,
though possibly supersonic, oscilla-
tion, making reception on either
waveband impossible or very dis-
torted, and causing a large current
to flow from battery B2.

THE CASE

Before starting on the case it is
necessary to make up and calibrate
a tuning scale along the lines shown
in Fig. 2(e). This scale may be
fixed to the Paxolin scale shelf
with suitable adhesive.

The case is made as in Fig. 6.
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The front has already been cut and
drilled. The top is cut as in Fig. 6(b)
with a window for the scale. Ap-
pearance will be improved by a
narrow frame, covered in Fablon,
glued over the window. The
bottom of the case has the same
dimensions as the top but, of
course, no window. The two sides
each measure 94in. by 23in.

The top, bottom and sides are
made of lin. plywood, and these
are screwed together, and the hard-
board front screwed to them, as
shown in Fig. 6(a). The completed
case is covered with Fablon or Con-
tact and a piece of thin Perspex is
screwed under the window. A
piece of speaker fabric (non-
metallic) is glued to the inside of
the front of the case, and the
‘chassis’ is passed through the back
and held to the front by two 4BA
bolts passing through holes M and
N in both ‘chassis’ and case. A
neat finish is given by having the
heads inside, with chromium plated
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dome nuts on the front of the case.
1t should be pointed out that the
depth of the case assumes the
use of the specified speaker. If a
speaker is used which is more than
2in. deep, the dimensions of the
case will have to be altered.

With the chassis in position, two

lengths of %in. square section wood
are screwed to the inside of the
case sides so that their edges are
4in. from the back. These serve to
take screws passing through the
hardboard back. The latter measures
113in. by 8%in., is covered with
Fablon or Contact, and has a hole

in the back, say 4in. by Sin., covered
with speaker fabric on the inside.
Do not glue the square section
runners to the case, as they have to
be removed if, at some future date,
it is required to remove the ‘chassis’
from the case.

|

REGENT PUBLIGATIONS ;

TELEVISION ENGINEERING, Volume 2, Video-Frequency Amplification, 2nd Edition. By S. W. Amos, B.Sc., C.Eng.,
M.I.E.E., D. C. Birkinshaw, M.B.E., M.A,, C.Eng., F.LE.E. and K. H. Green, C.Eng., M.LE.R.E.

298 pages, 5ix 8%in. Published by The Butterworth Group. Price £3.50.

The first edition of this book appeared in 1956, since which year there have been a number of important
developments in television including, in particular, the introduction of the 625 line system and the use of tran-
sistors in video amplifiers. In consequence, the calculations in this second edition are now presented in terms
of the new line standard, and a chapter on transistor video amplifiers has been added. All three authors are
members of B.B.C. staff. Also, the book is published by arrangement with the B.B.C., who retain the copyright.

The book is divided into seven parts, the first six of these dealing successively with the fundamental prin-
ciples of video amplification, high frequency considerations, low frequency considerations, feedback, noise, and
transistor video amplifiers. The seventh part is devoted to appendices.

By the nature of its subject-matter the treatment has to be mathematical although, where possible, mathe-
matical workings have been moved to the appendices. The volume will be of primary use as a text-book to the
student who is specifically interested in video frequency amplification as encountered in broadcast and studio
usage. Bearing in mind its sponsor and the manner of its publication, it hardly needs to be added that the book
can be looked upon as being completely authoritative in its field.

F.M. RADIO SERVICING HANDBOOK, 2nd Edition. By Gordon J. King, Assoc..E.R.E., M.ILP.RE, M.R.T.S.,
Grad.l.T.A.L
206 pages, 6 x 9%in. Published by The Butterworth Group. Price £3.00.

The first edition of this book appeared in 1957, and it had four subsequent reprintings. This second edition
is a completely revised version of the first and, amongst other changes and additions, incorporates new material
on f.e.t. front ends, integrated circuits and stereo decoders, all of these having appeared on the f.m. scene
during the last thirteen years.

The first chapters discuss the f.m. signal and its advantages over a.m. transmissions, f.m. detection, r.f.
amplifiers, frequency changers and i.f. stages. These are followed by chapters devoted to a.m./f.m. receivers and
tuners, f.m. stereo, f.m. aerials, receiver alignment and servicing techniques. The last chapter deals with equip-
ment specifications, including DIN 45-500.

The book is well and clearly illustrated with line drawings and a large number of photographs. The emphasis
is on semiconductor devices including i.c.'s, and the treatment is modern and up-to-date. Many of the circuit
diagrams apply to current commercially manufactured equipment, and are complete with component values.

The approach to the subject is practical and non-mathematical. Although the title of the work suggests
that it is a servicing guide intended for service engineers, the reviewer feels that it will be of equal value to
home-constructors, experimenters and anyone else who has a keen technical interest in present-day v.h.f. f.m.
reception and stereo reproduction.

TELEVISION SERVICING HANDBOOK, 3rd Edition. By Gordon J. King, Assoc.|E.RE., M.PRE, M.R.T.S.,
Grad I.T.A.L
357 pages, 6 x 93in. Published by The Butterworth Group. Price £3.80.

Yet another title from the pen of one of our most prolific writers, ‘Television Servicing Handbook’ provides
a guide for engineers engaged in TV service and for those who are graduating from sound radio to television
work.

The book may be read in its entirety as a text-book and it may also be employed as a reference for fault-
finding during actual servicing work. To this end, nine ‘procedure charts’ are included, these applying to such
faults as lack of raster, impaired synchronising, and timebase defects. The charts have the familiar ‘family-
tree’ style of presentation; the reader commences at the top and follows the line which corresponds to the
symptoms observed and the consequent circuit points to check. The book is sturdily bound in hard covers
and will be well able to stand up to the rough handling liable to occur in a busy service workshop.

The reference book approach is similarly evident in chapter layout, since most of the chapters deal with
an individual fault or an individual section of the receiver. Also included are a long chapter, of 32 pages, on
colour television and another long chapter, again of 32 pages, on transistor television receivers.

The third edition introduces the colour television chapter just mentioned. Also, the remainder of the text
has been updated where necessary to conform with present-day circumstances.
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SEQUENTIAL

ON-OFF

SWITCH

by G. A. FRENCH

switch, by means of which a

circuit is alternately switched
on or oft by successive closures of
a push-button, has a number of
uses in electronic work. One of these
is the control of equipment by means
of a remote push-button, and it
may be noted here that it is pos-
sible to have more than one push-
button in the system. Several push-
buttons, connected in parallel, en-
able the controlled equipment to be
switched on or off from a number
of remote stations. Other applica-
tions include transmit/receive switch-
ing in amateur transmitting installa-
tions and the control of lighting
from several different points without
complicated inter-switch wiring. It
should be mentioned that in both
those last two instances it would be
necessary for the sequential switch
to control a secondary relay having
contacts and insulation suitable for
the currents and voltages involved.

DESIGN APPROACH

A number of purely electronic
circuits capable of offering sequential
switching operation are available,
but many of these tend to be some-
what complex in design. In conse-
quence, the writer set out to devise
a circuit which employed simple
principles and incorporated a relat-
ively small number of components.
It was decided from the outset to
work to the situation in which the
circuit actuates, i.e. switches on or
switches off, when the push-button
is released, rather than when the
push-button is pressed. This ap-
proach eases circuit design problems
considerably. since it enables the
switch circuit to take advantage of
two occurrences for each operation.
these occurrences being the closure
of the push-button and its subse-
quent release.
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T HE PUSH-BUTTON SEQUENTIAL

The inherent ‘memory’ required
in the device to be described is
provided by a thryistor (or silicon
controlled rectifier) which is either
conducting or non-conducting. For
the benefit of those who have not
had experience with these compon-
ents, the circuit symbol for a thyris-
tor is given in Fig. 1, in which
diagram the three electrodes are
identified. If the anode of the thryis-
tor is connected. via a suitable load.
to a point that is positive of the
cathode. only a very small leakage
current flows. Should a positive
pulse, relative to cathode, be applied
to the gate the thyristor triggers and
becomes conductive between anode
and cathode. The thyristor remains
conductive after the gate pulse
ceases and can only be made non-
conductive again by removing the
positive supply to the anode.

WORKING SWITCH

The full circuit diagram of the
sequential switch is given in Fig. 2.
in which the thyristor appears as
THI1.

Also included in the diagram is
a relay having two changeover con-
tact sets and one make contact set
(i.e. a contact set which closes when
the relay energises). The relay coil
and contacts are shown with ‘de-
tached’ presentation. The coil is
represented by the rectangle identi-
fied as A/3. the two changeover con-
tact sets arc identified as Al and A2
respectively. and the make sct is
identified as A3. All contact sets
are shown in the position they take
up when the relay is de-energised.

When the 1S5 volt supply is ap-
plied to the switch, thyristor THI
remains non-conductive. whereupon
the relay is in the de-energised state
and the relay contact sets are in the
positions shown. To actuate the cir-
cuit. push-button S1 is closed. This
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completes a circuit via relay contacts
Al and A2 between the positive
supply line and the junction of R2
and R3. A triggering current flows
through R2 to the gate of THI.
which then becomes conductive and
draws anode current through the
relay coil and R4. However, the
lower terminal of the relay coil con-
nects (via the closed push-bution)
to the positive supply rail by
way of DI and R3. and only a small
voltage appears across the coil.
Thus. the relay does not energise and
most of the voltage appearing in the
anode circuit of THI1 is dropped
across R4.

The push-button is next released.
whereupon the junction of R2 and
R3 no longer connects to the posi-
tive supply line. The gate current
to THI ceases but the thyristor still
remains in the conductive state. At
the same time the voltage across the
relay coil is now no longer limited
by DI and R3. and it rises to a
sufficiently high level to enable the
relay to energise. Contact sct A3
closes, switching on the circuit which
is controlled by the switch. Also,
contact sets Al and A2 change over.
ready for the next closure of the
push-button.

When the push-button is next
pressed it completes a circuit (via

Anode

Gate o—’

Cathode

Fig. 1. The circuit symbol for a
thyristor, indicating the three
electrodes.
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contact sets Al and A2 in the ener-
gised position) between the junction
of R4 and the relay coil, and the
negative supply rail, via the low-
value resistor R1. The voltage across
the anode and cathode of the thyris-
tor drops to a negligibly low value
and the thyristor becomes non-con-
ductive. At the same time, the lower
terminal of the relay coil couples
to the negative supply rail via R1
and the relay stays energised.

The push-button is next released.
with the result that the circuit to the
lower terminal of the relay coil via
R1 is broken and the relay de-ener-
gises. Its contact set A3 opens,
switching off the controlled equip-
ment. Contact sets Al and A2 revert
to their de-energised position and
the circuit is then prepared for the
next cycle of operation.

The functioning of the switch may
be summed up in the following man-
ner. When the push-button is init-
ially pressed the thyristor fires and
becomes conductive. When the but-
ton is released the relay energises.
Pressing the push-button a second
time causes the thyristor to become
non-conductive. When the push but-
ton is then released the relay de-
energises. If the push-button is
pressed again, the thyristor once
more fires and another switching
cycle commences.

CIRCUIT DETAILS

There are a number of detailed
points in the circuit which have not
been covered in the description of
circuit operation just given.

One of these is the reason for
incorporating resistor R3. This com-
porent is included to provide isola-
tion between the gate and anode cir-
cuits of the thyristor. Without R3
the thyristor anode current rises
sharply at the same instant as the
gate current appears when S1 is
closed to initiate the ‘on’ condition.
and the thyristor does not trigger
reliably under these conditions. Trig-
gering is quite reliable with R3 in
circuit.

Diode DI is included to ensure
that no current flows from the posi-
tive supply rail to the gate via the
relay coil. This diode is only con-
ductive during the period when Sl is
closed for switching the circuit to
‘on’,

There is a slight possibility that,
with a badly set-up relay, the two
outside contacts of the changeover
contact sets may both momentarily
touch the centre contact at some
instant when the relay is energised
or de-energising. A relay in this con-
dition should not be used but it is a
wise precaution, nevertheless, to
ensure that no.circuit damage can
result if a momentary connection
between the two outside contacts
should occur accidentally. If the two
outside contacts in contact set Al
are momentarily connected together.
all that happens is that the positive
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Fig. 2. Circuit of the sequential switch. This causes the con-

trolled circuit to be turned on when push-button S1 is first
pressed, and then turned off when S1 is pressed a second time,

supply rail connects to the upper
end of R4. No excessive current
could then flow. Also, a momentary
connection between the outside con-
tacts of A2 merely couples R1 to the
junction of R2 and R3. No current
would flow via R2, and DI would
prevent current flow in R3. It is
impossible for any of these moment-
ary connections to take place when
the centre contacts of Al and A2 are
both connected together by S1 be-
cause the relay only energises or de-
energises when S1 is open.
Capacitor C1 and resistor RI were
added after practical experience with
the prototype. Originally, the capac-
itor was not fitted and the lower
outside contact of contact set A2
connected direct to the negative
supply rail. 1t was found that the
circuit functioned correctly under
these conditions except for one small
fault which occurred occasionally
when the push-button was pressed
and released to initiate the ‘off” con-
dition. If the push-button was kept
closed for one particular short length
of time and then opened again. the
thyristor re-triggered and maintained
the circuit at ‘on". The period of
button closure which caused this
effect to appear was extremely criti-
cal and. even when prolonged
attempts were made to purposely
produce the malfunction, the latter
could only be made to occur about
once for every dozen attempts.
Nevertheless. it was felt that the
circuit should be cleared of this
defect. It is presumably caused by
the rising back e.m.f. in the relay

coil which is given when the coil
current is turned off. This rising
voltage is applied to the thyristor
anode via R4 and is sufficient to
trigger the thyristor on again. The
effect was completely eradicated by
the addition of CI1, which slows the
rise of voltage across the relay coil.

The inclusion of C! then necessi-
tated the addition of R1. Without
R1 the push-button, when pressed
to initiate the ‘off’ condition, would
cause a sudden increase in voltage
across Cl and, assuming a low im-
pedance power supply, a consequent
surge current. R1 is simply a limiter
resistor and obviates the slight spark-
ing which would otherwise occur in
S1. thereby extending the life of its
contacts.

Experimenters may find it of ad-
vantage to initially build the circuit
without Cl1 and R1. If the circuit
does not then exhibit the slight short-
coming in operation which has just
been described there is no necessity
to include these two components.
It is probable that variations between
different specimens of the thyristor
specified may cause the trouble to
appear to a greater or lesser degree.

The additien of Cl does not cause
any serious slowing-down of relay
operation when the ‘off’ condition
is selected. With the circuit as shown,
contacts A3 open about a quarter
of a second after the push-button.
in initiating ‘off’, has been released.

Diode D2 was initially included
to prevent the formation of a reverse
back e.m.f. when the relay de-ener-
gised. It was retained after the ad-
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dition of Cl, and it now prevents the
appearance of an oscillatory voltage
in the LC circuit given by the relay
coil and CI.

The voltages appearing across the
relay coil in the prototype were as
follows: button pressed to initiate
‘on’, 4 volts; button then released,
11 volts; button pressed to initiate
‘off’, 15 volts; button then released,
zero volts. The current drawn from
the supply rises to 50mA when the
button is pressed to initiate ‘on’, and
it falls to 22mA when the button is
next released. It rises to 30mA when
the button is pressed to initiate ‘off",
and then falls to zero when the but-
ton is released.

COMPONENTS

The thyristor employed in thc
switch is an S.T.C. type CRS1/05,
available from Henry’s Radio Ltd.
It is a small component encapsulated
in a TOS can.

Diodes DI and D2 can be any
small silicon rectifier diodes, such
as the Lucas DDO000. All four resis-
tors should have a tolerance on
value of 10%.

The relay employed in the proto-
type was a P.O. 3000 type, having
the contact sets shown and a coil
resistance of 5009. Since from the
writer’s experience the relay coil
inductance has an affect on circuit
operation, therc is a possibility that
other types of relay or relays with
different coil resistance may cause
the circuit to give a performance at
variance with that obtained with the
prototype. In consequence, it is ad-
vised that the same relay, or a very
similar type, be employed in switches
made up to the circuit. P.O. 3000
relays assembled to customer's speci-
fication are available from L. Wilk-

inson (Croydon) Ltd., Longley
House, Longley Road. Croydon.
Surrey.- |

CANADIAN T.V. CONTRACT

A major contract has been received by Marconi's Broadcasting
Division, through their Canadian associates, Canadian Marconi Com-
pany, for the supply of twenty-one Mark VIII automatic television
colour cameras for ‘Place de Radio-Canada’, Canadian Broadcasting
Corporation’s building complex currently under construction in Mon-
treal. The camera contract followed an exhaustive evaluation of the
Marconi Mark VIII by the CBC. Also included is an order for ancil-
lary equipment for production studios 42 to 48 and presentation
studios 63 and 64.

The facilities of the ultra-modern ‘Place de Radio-Canada’ are
scheduled to originate programmes in the autumn of 1972, and will
bring together broadcasting services which are now operating from
eighteen locations throughout the city of Montreal.

The Mark VIII is the first television camera in the world to have
automatic line-up, automatic colour balance, automatic dynamic
centring and automatic check-out, all push-button controlled. It is
smaller, lighter and more mobile than any other broadcast quality
camera.
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FURTHER NOTES
ON THE

"CRUSADER’
SIMPLE SUPERHET

by

F. A. BALDWIN

The ‘Crusader’ superhet receiver described in our issues dated January,
February and March 1971 provides excellent results as it stands. Neverthe-
less, two modifications can be carried out, these enhancing its performance
at small cost. Added selectivity and the provision of a b.f.o. should prove
attractive features to those readers who have constructed the ‘Crusader’

addition of a further if. transformer. This
offers a significant and worth-while improvement
in selectivity.

The circuit incorporating the additional i.f. trans-
former is shown in Fig. 1, the only extra compo-
nents required being the i.f. transformer and a SpF
silver mica capacitor. The added transformer is a
Denco component type 1FT11/465, this being the
same as the two transformers already fitted. It is
wired ‘back-to-back’ in conjunction with 1FTI1. and
is inserted between 1FT1 and the signal grid of V2.

The additional transformer is mounted immediate-
ly behind IFT1. with tags 3 and | nearest the chassis
rear. Disconnect the lead joining tag 5 of Tagstrip |
(see Fig. 7) to tag 4 of 1FT1. and connect tag 5 of
Tagstrip 1 to tag 4 of the added transformer. Dis-
connect the lead joining tag 6 of 1FTt to pin | of
V2. and connect tag 6 of the added transformer to
pin 1 of V2. Connect tag 4 of IFT1 and tag 3 of the
added transformer to the adjacent earth tag (tag 3)
of Tagstrip 1. Connect the 5pF silver mica capacitor
between tag 6 of IFT! and tag ! of the added trans-
former.

A small amount of i.f. re-alignment will be neces-
sary after the modification has been completed. and
this is carried out with a signal generator, or using
a received signal. Only a slight readjustment of the
transformer cores should be required. It is advisable
to finalise by checking the setting of the cores in
IFT2 as well, whereupon the last lining-up sequence
consists of aligning 1FT2, the added transformer,
and IFT1.
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THE FIRST MODIFICATION TO BF DESCRIBED 1S THFE

It will be found that, with the extra if. trans-
former in circuil, receiver selectivity is considerably
enhanced.

ADDING A B.F.O. STAGE

The circuit for an additional beat frequency
oscillator (b.f.0.) stage is given in Fig. 2. This is an
oscillator whose frequency can be varied on either
side of 465kHz by adjustment of the 15pF variable
capacitor shown in the diagram. The output is
coupled via Cx to the i.f. transformer tag connecting
to the detector. and the b.f.o. causes an audible beat
note to be produced with received carriers. As a

HT+
<
Raz
=
Added To pin|
IFT opin
of V.
129 2
i
1
4 T
To Rg.Co

(tag 5 tagstrip 1)

Fig. 1. The insertion of an additional i.f. trans-
former between IFT1 and V2 results in a
significant improvement in selectivity
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result, it allows c.w. signals to produce an a.f. 1one
which can be easily read, and it can also replace the
missing carrier of single sideband signals.

It is necessary to short-circuit the a.g.c. line of the
receiver to chassis when the b.f.o. is switched on as,
otherwise the b.f.o. signal will itself cause the forma-
tion of an a.g.c. voltage, with consequent reduction
of sensitivity in the earlier stages of the receiver. The
b.f.o. switching function is carried out by S3(a) and
S3(b), these being the sections of a double-pole
single-throw switch. When the b.f.0. is switched on
by 83, section S3(a) applies h.t. to the anode circuit
of the oscillator. At the same time. section S3(b)
short-circuits the a.g.c. line (at the junction of R23
and C28) to chassis.

The coil is a Denco type BFQ02/465, this being
fitted in a can similar to those in which the i.f.
transformers are fitted. Connections are made to its
four numbered tags as shown, The two 100pF capa-
citors and the 140pF capacitor are all silver mica
types. The 0.1pF capacitor is a tubular type with a
working voltage of 400, and the 15pF variable capa-
citor is a Jackson Bros. type C804 component. The
valve is a 6AT6. This is the same type as is used in
the V3 position of the ‘Crusader’, and was chosen
because it can function as a temporary spare if V3
should need replacement at any time. The triode
section is eminently suitable as an oscillator in the
present circuit. The two diodes are unused. and are
both connected to chassis. Switch S3 may be either
a toggle or rotary component. Also required by the
circuit is a small 2-way tagstrip having one tag
earthed and one tag insulated.

The b.f.o. circuit may be fitted to the chassis
between C2. Cll and V2. The actual layout of
components in the circuit is not critical provided
that the b.f.o. coil and valveholder are reasonably
close together. and that the lead to the fixed vanes
tag of the 15pF variable capacitor, which is mounted
on the front panel, is kept short. (The chassis con-
nection to the moving vanes will be made auto-
matically by way of the capacitor mounting bush.)
The length of the wiring to S3 is not important.

47kn
HT +
S3a (C26)
)
O-lpFI S47ka
- Cx
100pF
I __Il___. To tag6 IFTy
1 (see text)
I00pF
]
4 l'll ll
"
< |=
3 'E! To tag 2
(tagstrip 1)
140pm e !5pF Sa3p
pF |
= ¢
A

Fig. 2. A b.f.o. stage may be readily incorporated,
employing the circuit shown here
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whereupon a convenient method of mounting the
controls would consist of positioning the capacitor
between the coilpack and R13, and the switch be-
tween the coilpack and C3.

The valveholder for the b.f.0. valve should have
the earthed tag of the 2-way tagstrip secured under
the mounting nut nearer pin 7. This earthed tag then
connects to the centre spigot and to pins 2, 3, 5 and
6. The earthed tag takes one lead-out of the 0.1uF
capacitor, the other lead-out of this component con-
necting to the insulated tag. The latter also carries
the wire to S3(a) and one lead-out of the 47k resis-
tor connecting to the 6AT6 anode.

Pin 4 of the 6AT6 connects to any convenient 6.3
volt point, such as pin 3 of V3. The h.t. positive con-
nection may be taken from tag 7 of Tagstrip 1 or
any other point which connects to the positive plate
of C26.

Lower end of R
disconnected from
chassis

Added |F J5kalin.
gain control &

Fig. 3. The simple modification required for the
addition ot an i.t. gain control

The capacitor shown as Cx is not a physical com-
ponent. Instead. the symbol represents the capaci-
tance given by wrapping a p.v.c. insulated wire from
the 6AT6 anode some four or five timzas around tag 6
of IFT2 (the tag which connects to pin 6 of V3). Note
that there is no direct connection to the if. trans-
former tag.

When the b.f.0. circuit has been wired up. the 15pF
variable capacitor should be fitted with a pointer
knob such that the knob points vertically upwards
when the capacitor is at half-capacitance and that
clockwise rotation of the knob causes capacitance to
increase. Turn on the receiver with the b.f.o. switched
off and allow it to warm up. Carefully tune in any
steady signal. Then switch on the b.f.o. and, wiih the
variable capacitor knob pointing vertically upwards,
adjust the core of the b.f.o. coil for ‘zero beat” with
the carrier of the signal. This is all that is req :ired
for the setting-up of the b.f.o., and any desired beat
note for the reception of c.w. signals may be ob-
tained by turning the knob to either side of centre.
For s.s.b. reception the knob is turned to the left for
lower sideband signals, and to the right for upper
sideband signals. The former will be found on the
1.8. 3.5 and 7MHz Amateur bands, and the latter
on the higher frequency bands. The centre position,
and lower and upper sideband directions, should be
marked on the front panel.
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It is desirable to fit an i.f. gain control o the re-
ceiver when the b..o. has been added. and the
requisite circuit is shown in Fig. 3. The lower end
of R12, the cathode bias resistor for V2, is discon-
nected from chassis, and a 5k linear potentiometer
inserted in series. This potentiometer should always
be set for maximum gain (where it inserts minimum
resistance into circuit) for normal operation. and only
requires to be brought into use when recciving very
strong signals with the b.f.o. switched on. The con-
trol may be mounted at any convenient point, and
the wire coupling it to R12 can be of any reasonable
length provided it does not approach the signal grid
components and wiring of VI too closely. If a Sk&
potentiometer fitted with a double-pole on-ofl switch
is used. the latter could function as the on-off switch
for the b.f.o. itself, whereupon the potentiometer
may be wired up such that it always inserts minimum
resistance into circuit when the b.f.o. is switched off.

With this last modification incorporated in the
‘Crusader’, the operator will have at his fingertips all
the controls necessary for receiving am.. ¢.w. and
s.s.b. signals from all parts of the globe. To further
improve results obtained from the receiver. recourse
could be made to the construction of an aerial tun-
ing unit and a preselector.

HAND PYROMETER

A neat, new pyrometer for measuring the tempera-
ture of liquids has been introduced by Adcola
Products Ltd.

Measuring only 7% in. in length and weighing 63
oz, the standard model will cover a temperature
range from 100°C to 500°C, but a model is also
available covering the range 100°C to 800°C. Tem-
peratures are indicated on a large dial - see illustra-
tion below.

Originally designed for the comparative tempera-
ture chiecking of soldering instruments the pyrometer
is equally suitable for checking the temperature of
wax or chemical baths. Applications include use by
works engineers in general industry and in the manu-
facture of confectionery.

The pyrometer is available in a range of colours,
is guaranteed accurate to 2477, and comes complete
with full operating and re-calibration instructions.
The standard model retails at the recommended price
of £6.18 and the larger scale model is priced at £7.18.

JUNE 1971

RADIO GONSTRUGTO

JULY ISSUE

I.C. STEREOQ AMPLIFIER

With an output of 2.7 watts per channel, this
sterio a.f. amplifier employs a highly reliable
circuit with fully continuous bass and treble
control. Construction of the project is eased
by the use of a ready-prepared solder coated

printed circuit board. Each channel of the
amplifier incorporates a modern and readily
available integrated circuit.

PUSH-BUTTON REMOTE CONTROL

A remote switching circuit which can be
operated by momentary pressure on one of any
number of push-buttons. A pilot lamp at cach
push-button indicates whether the controlled
cquipment is switched on or not.

TUHE ‘STEREOSIM®

A two-channel stereo  aJf. amplifier and
medium and long wave tuner, the ‘Stercosim’
provides full stereo reproduction with gramo-
phone records, and a quasi-sterco effect with
mono radio transmissions.

PLUS

+ MORE CONSTRUCTION
PROJECTS

* NEWS COVERAGE
* SHORT WAVE SCENE
% SUPPORTING FEATURES
% DATA SHEET 52
ON SALE JULY 1st
PRICE 20p

Copies may also be obtained direct from the
Publishers. 24p including postage. Published by:
Data Publications Ltd. 57 Maida Vale, London, W.9
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METER
RESISTANGE

by
W. E. THOMPSON, G3MQT

The measurement of the internal resistance
of a moving-coil meter does not always yield
reliable results. In this article our contributor
discusses the errors to avoid and shows how
accurate measurements may be obtained

internal resistance of a panel-mounting moving-

coil meter, but when we do set about measuring
it we will want our results to be reliable and fairly
accurate. Unfortunately there can be pitfalls, and
the purpose of this short article is to show a typical
example with a simple mathematical proof, and to
suggest a reasonably accurate test procedure for
meters of up to SmA full scale deflection.

1 T MAY NOT BE OFTEN THAT WF NEED TO KNOW THE

TEXTBOOK METHOD

Some textbooks give the circuil of Fig. 1 as a
means of measuring the resistance Rm of a meter.
and usually suggest the following procedure:

(1) Disconnect R2 and adjust R1 so that the meter
reads full scale deflection (1.0mA in this case).

(2) leaving R1 at this setting. re-connect R2 and
adjust it so that the meter reading falls to half
scale (i.e. 0.5mA),

A
Lk

L
Rm E=I5V T

Jl‘
{7}
@

Fig. 1. A circuit sometimes employed for

measuring meter resistance

(3) disconnect R2 and measure the value set up on
it with a suitable bridge. The figure obtained
will be the value of Rm, the meter resistance.

On the face of it, this seems a valid procedure. If
we measure a ImA meter we should most likely
find after such a test that Rm comes out, say, at about
93Q, but unfortunately we have arrived at a wrong
answer.

Before using some figures to prove our point, let
us look briefly at what we think we have done. We
have set up ImA in the meter, then shunted half
this current through R2. Then we have said, in
effect, that R2 and Rm carry equal current, and be-
cause they are in parallel they must also have
equal resistance. And that is where we make our
mistake! Now for some figures.

PRACTICAL CASE

Going through our measuring procedure, E is
1.5V so in Step | the current of ImA passes through
Rm and R1 in series. Suppose Rm is known to be
100Q. Then from Ohm’s Law.

Rm + Rl =
_ 1.5x 1,000
o
= 1,5000,

and as Rm is 100Q R1 must be 1,500Q minus Rm,
or 1,4009. The voltage across the meter is

Em=ImxRm

_1x100
~ 1,000

= 0.1V,
so R1 drops the remaining 1.4V, as in Fig. 2.

L L L —
Ry
1400n
Jl‘lllu
Im=ImA
+
Em=O IV Rm E=15V o
m 100 - ™

Fig. 2. The first step consists of setting up

R1 for full scale dellection in the meter
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Next, in Step 2, we shunt Rm with R2 and reduce
the meter reading to 0.5mA. The voltage across the
meter (and also across R2) is now

0.5 x 100
ImxRm = W

= 0.05V,

which means that R1 now drops 1.45V, not 1.4V as
THE RADIO CONSTRUCTOR
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before. The current through R1 is therefore
» Il = El
T RI

| = 451,000
= T1,400

= 1.036mA.,

Now 0.5mA of this current passes through the
meter resistance Rm, so R2 must carry 1.036mA
minus 0.5mA, or 0.536mA. As the voltage across R2
at this value of current is 0.05V,

E2
12

005 x 1,000
0.536

= 93.28Q

R2 =

This is shown in Fig. 3.

Test
+ terminals —

) "Forward”

mains

>
=
a°
I‘."I
W
<

PL

D, ‘Reverse’

PLy

Fig. 3. R2 is then adjusted for half scale deflection

When we measure R2 in Step 3 and find it to be
93.829, it is nor indicating the true value of Rm. The
reason for this is quite simple; the voltages in the
circuit have altered to such an extent by shunting
Rm that the distribution of current has become un-
equal in Rm and R2. The question now is, how can
we avoid this? Fortunately the answer to this prob-
lem is fairly easy. We merely make E and R1 larger
so that the current is not altered so much by R2. We
are, in effect, simulating a ‘constant-current’ source.

HIGHER VOLTAGE

Suppose we make E equal to 15V. In Fig. 2 R!
would then be 14,9002 and the voltage across it
would be 149V. Then when we connect R2 as in
Fig. 3 the voltage across R1 would become 14.95V,
so the current through it will then be

1y 1495x 1000
= 714900

= 1.003mA.

The current in R2 then becomes !1.003mA minus
0.5mA, or 0.503mA. so

JUNE 1971

0.05 x 1,000
R2 = —43503

= 99.4Q

This is so near to 100 that we would be safe in
assuming Rm to be the 100Q it actually is. Our error
is about 0.5% low, and we could in fact allow this
as a general rule.

As a matter of interest, making E=150V gives us
an error as low as 0.1%, though this may hardly be
worth the extra voltage owing to possible difficulty
in setting up R1 accurately.

A few simple calculations will readily show that if
E is, say, 18V (which can be obtained from a couple
of 9V dry batteries), a commendable accuracy of
about 0.5%, can be consistently achieved.

INITIAL VALUES

For some guidance in allotting initial values for
R1 and R2, we can bear in mind that most first-
grade moving coil meters require about 75mV (0.075V)
for full scale deflection. A 50pA movement would
therefore have an internal resistance of about 1.5k
so, with E at 18V, R1 would need to be of the order
of 360k, for which a 500kQ2 potentiometer could be
used. From this estimated value for Rm, R2 would
need to be about 2kQ maximum. Other meters,
naturally, would require different values for R1 and
R2, and these are easily estimated as is shown in
the previous example.

Some care is needed when measuring the resistance
of meters having full scale deflections in excess of
SmA because the values of R1 and R2 must neces-
sarily become rather low. For example. using 15V
to measure the resistance of a 100mA meter will
require R1 to be about 200Q. A 100mA meter could
also result in R2 being less than 1Q. It follows that
some consideration of the test conditions and com-
ponent values should always be undertaken before
a test circuit is set up. n

FIRST MOBILE

AADIOTELEFHONES

FOR

LONOON BUSES

T o
N, R
NS
Gy

“ .. ..and now for Sid, who is on the

95b somewhere between the Strand and

Marble Arch. Here is the London Philhar-

monic playing . . .. " (With apologies to

the article which appeared in our January
issue)
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NEWS . .

: AND .

THE EBITRON NEW INTENSIFIER
VIDICON

5 R

A new vidicon camera tube with, it is claimed.
more than 250 times the sensitivity of a conventional
26mm vidicon has been introduced by the Electron
Tube Division of EMI Electronics Ltd. The intensi-
fier tube, designated the Ebitron type 9777 vidi-
con, produces television pictures at illumination levels
down to half moonlight conditions.

The vidicon employs electron bombardment in-
duced conductivity in the zinc sulphide target to-
gether with a high sensitivity $20/S25 photocathode.
The image section is all electrostatic and the scan-
ning ‘portion similar to a conventional 13mm mag-
netic vidicon.

The Ebitron can be specified to replace existing
26mm vidicons in CCTV cameras, the 9777 tube
and its coils being no bigger than the conventional
vidicon and coils. Its 18.2mm photocathode makes it
suitable for use with standard 26mm vidicon lenses.

THE RADIO AMATEUR - NEW
IMAGE

In a recent issue of the Radio Amateur Satellite
Corporation’s Newsletter AMSAT, appeared an
article by Bob Clark, WB4SMH entitled The Image
Problem.

The writer of the article tells how at a scientific
conference his interest was suddenly caught by a
speaker describing a rather elaborate aerial and re-
ceiving station. What particularly claimed his atten-
tion was the fact that the speaker pointed out, more
than once, that the transmitter was an amateur
station. He contrasts that attitude swith the quite
common view held by some scientists, that the
amateur has no real ability to make a worthwhile
contribution to science.

In his article he says the image of the
amateur is changing in the scientific community.
Credit for the change belongs, in large part, to the
amateurs in AMSAT; in project MOONRAY; and
to those in the scientific community who are actively
using amateur radio in their research work. Many of
them. it is interesting to note, use amateur radio
gear because the big budget slash has them operating
on a shoestring (in the best ham tradition!). The
change is a refreshing, needed and long overdue
one.

“Helping to push the change are people like D. T.
Bellair of the University of Melbourne. He has
written a paper titled Disturbances to Trans-
lonosphere  Propagation at 2945MHz  Observed
using the Australian Oscar 5 Satellite . . . Bellair is
quite proud of the fact that his results were obtained
with the help of amateurs.”

Our only objection to the above is the use of the
term “ham!™ a particular “béte noir” of ours.

.

VARIABLE SPEED

CONTROLLER
Any electric tool such as
drills, sanders, polishers,

lathes and so on, or equip-
ment such as food mixers,
coffee grinders, or sewing
machines, can be speed con-
trolled by this neat device.
Coupled between a 240 volt
a.c. mains and the equipment,
it enables the speed of opera-
tion to be adjusted as required
by turning the control knob.
The bypass switch slides over
to cut out the controller and
give full speed immediately,
when required.

The Tragonic Variable Speed
Controller is available from
hardware and accessory
stores at approximately £2.70.
Tragonic Solid State Products
is the registered name for
tools and accessories market-
ed by Tragonic Sales Limited.
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COMMENT

AUDIO EQUIPMENT COMPANY - VITAL ROLE FOR DISPOSABLE PAPER WIPER

Kimwipes, are used for all
wiping jobs during the manu-
facture and assembly of high
tidelity loudspeaker equipment
at the Kent factory of K.E.F.
Electronics. This includes the
wiping of precision electronic
parts such as magnets, voice
coils, inductors and resistors
and the removal of surplus
adhesives and solvents. The
wiper must therefore be soft
and not scratch components,
and also be absorbent and
fluff-free. They are seen being
used with an adhesive before
coils are fixed to the speaker’'s
diaphragm.

Within the electronics industry,
manufacturers have found it vital
to examine scientifically the ques-
tion of component cleaning. This
small but nevertheless critical part
of the manufacturing process, in
which even minute scratches can
drastically affect the efficiency of
intricate components, has proved
a probiem area to many companies.

As a high proportion of machin-
ery and finished products in the
industry consist of highly-polished
surfaces and delicate instruments
and parts, the slightest dust parti-
cles or scratch marks left by the
wrong type of wiper couid prove
highly expensive.

K.E.F. Electronics Ltd., of Tovil,
Maidstone, Kent, one of the coun-
try’s major manufacturers of high-
fidelity, loudspeaker equipment for
home and overseas broadcast
services and last year's winner of
both the Queen’s and British
National Export Council's awards
for Export Achievement, has found
the best solution in the disposable
paper wiper.

K.E.F. is using Kimwipes Dis-
posable Wipers, manufactured by
Kimberly-Clark Ltd., of Larkfieid,
Kent, extensively through its fac-
tory in the cleaning and prepara-
tion of equipment such as magnets,
voice coils, diaphragms and elec-
tronic components for filter net-
works and the removal of surplus

adhesives and solvents  from
speaker chassis during their
assembly.

Kimwipes, are seen being
used to de-grease damping
rings during the manufacture
of high fidelity loud speaker
equipment at the Kent factory
of K.E.F. Electronics. These
plastic rings are fixed to the
speaker's diaphragm and it
is vital to the adhesion pro-
cess that not only are they
cleaned perfectly of all dust
and dirt but are not scratched

in any way. It is therefore
necessary to use a wiper
which is fluff-free, soft and

absorbent.

IN BRIEF

@ Marconi sound and television
transmitters will be supplied to the
Western Nigerian Government
Broadcasting Corporation under a
£300,000 order. Marconi built the
original Western Nigerian Televi-
sion station in 1959 when it was
the first television service in Africa,
and helped to establish it on the
air.

@ The Council of the Radio
Society of Great Britain have de-
cided not to support an exhibition
this year. An alternative function is
considered necessary and discussions
are taking place to decide its
nature.

@® A laser-beam lighthouse, be-
lieved to be the first one, was re-
cently opened at Point Danger on
the borders of Queensland and New
South Wales.

@ Hanworth Mobile Rally will
be held on 27th June at Hanworth
Airpark.

JUNE 1571

Further details of this rally. or-
ganised by the Echelford Amateur
Radio Society, may be obtained
from A. G. Wheeler. 32 Feltham
Hill Road, Ashford, Middlesex.

@® With reference to the article.
Constructing  a  Vertical  3-Band
Trapped Dipole in our April issue,
Mosley Electronics Ltd., inform us
that they cannot supply the traps as
individual items.

@® BBC Radio had one of its
largest evening audiences of the
year for the live commentary on
the Henry Cooper v Joe Bugner
fight. 13 million people, it is esti-
mated, listened to the commentary
on Radios 1 and 2.

@® In preparation for the next
extension of the BBC's stereophonic
radio service, work is in hand to
adapt the vhf Radio 3 transmitter
at Rowridge, Isle of Wight, it is
expected that the stereophonic ser-
vice from Rowridge will start by
the autumn of this year.

WwWWW . americanradiohistorv.com



www.americanradiohistory.com

LOGARITHMIC SPEECH
COMPRESSOR

by
R. A. BUTTERWORTH, G8BI

This unit provides smooth compression of audio peaks instead of abrupt

clipping. It was originally designed for amateur transmitter use, but it has

many other potential applications where microphones and amplifiers are
employed in combination

and easy to build and set up. It can be used for

tape recording, p.a. work and transmitting, either
a.m. or s.s.b. In fact, it can be brought into service
almost anywhere where a microphone and ampli-
fier are used. Before going into detail about it, let
us have a look at the reasons why speech compres-
sion is an advantage wherever speech amplification
is used.

THE UNIT TO BE DESCRIBED 1S CHEAP, EFFECTIVE

SPEECH COMPRESSION

When looked at and examined on an oscilloscope
coupled to a microphone and amplifier, human
speech can be shown to have a low average to peak
power ratio. Peaks which are greater than average
are of short duration, and so form a very small
portion of the total waveform power. Now. if we
can control the peaks without distortion and in-
crease the average level in proportion we will be
boosting the speech. Speech clippers, automatic con-
trol of level, etc., are very unsatisfactory for this
purpose because they work on the basic principle
of clipping the top off speech peaks that go above a
predetermined level. This has two serious disadvan-
tages. First the level of clipping is fixed, which means
that the clipping varies according to how loudly one
speaks into the microphone, and the resultant dis-
tortion with louder speech makes the intelligence
hard to copy. Second, clipping results in a sudden
change of waveform which causes harmonic distor-

O-24
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Fig. 1. At low forward voltages a logarithmic
relationship exists between current and voltage
in a germanium diode

tion. The pattern, as seen on an oscilloscope, re-
sembles a square wave. As is well known, a square
wave contains an infinite number of odd harmonics
of the fundamental frequency and constitutes an ex-
cessively broad-band signal.

The faults just described can be eliminated to
some extent by filters, but these add to size and
cost. In an s.s.b. transmitter the filter limits the
bandwidth automatically but the level at which to
clip still remains a problem.

10—-22kn
At -
Current £
Mic source b 4 Output
(amplifier) \ f =

Germanium diodes

Fig. 2. lllustrating the basic method of operation
of the logarithmic compressor

The disadvantages just described can be overcome
and eliminated by what is known as a ‘logarithmic
speech compressor’, which is a highly technical name
for a very simple and cheap bit of equipment. It puts
to good use the forward characteristics of the com-
mon germanium diode. Fig. 1 shows that this con-
sists of a logarithmic voltage/current curve. If
speech amplitude is controlled by a curve of this
nature there is a logarithmic conversion of the
speech waveform, resulting in a smooth reduction
of speech amplitude. There is no abrupt change of
waveform and the conversion is continuous; also
there is no specific clipping to cause harmonic dis-
tortion. A practical logarithmic speech compressor
is simple, consisting only of a current source (such
as a 2-transistor amplifier) and two germanium
diodes connected back-to-back. See the basic
arrangement shown in Fig. 2.

THE CIRCUIT

The complete circuit of the compressor unit is
shown in Fig. 3 and consists of two cheap easily
available transistors and two germanium diodes, also
chean and easily available, plus some small resistors

THE RADIO CONSTRUCTOR
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+oV

Capacitors
Cl 100pF, ceramic or silver-mica
Cc2 0.01uF, paper or plastic foil
C3 1uF paper or plastic foil
C4 2uF electrolytic, 10V wkg.
C5 0.1pF, paper or plastic foil

R7Z
L. -~ 1>
¢, ReE  RaZ %g% |
] DI XX D 1‘: =
on7i [ omn] Comp ER
C c I
U g".\,_:i >TR, 2 BTRQ =1
q oC7 ocC7I T
Ry Cs RiO
—MM AW
R3§:: Rség ace
e I
W W S TOutput
T : =
Fig. 3. Circuit diagram for the compressor unit
Resistors Co 0.001p.F, paper or plastic foil
(All fixed values % or § watt 10%) C7 100uF electrolytic, 10V wkg.
R1 100k (see text) C8 0.1pF, paper or plastic foil
R2 IMQ
R3 4.7MQ Semiconductors
R4 10kQ preset potentiometer, skeleton TR1 0OC71
RS 180kQ RR2 OC71
R6 33kQ D1 OA7l
R7 3.3kQ D2 OAT71
R8 10k
R9 10kQ Battery
R10  3.3kQ -(sce text) 9-volt battery type PP3 (Ever Ready)
RIi1 68k (see text)

Miscellaneous
Input jack
Jack plug
Battery clips
Screened case (size to accommodate compo-
nents employed)
Screened wire, circuit board or tagstrips, etc.

and capacitors. It is preferable to match the diodes
as near as possible on a testmeter switched to read
resistance. The constructor could be lavish and go
in for low noise components, of course, and adjust
the values as required.

TR1 is a high impedance input emitter follower
with a variable compression control potentiometer,
R4, in its emitter circuit. The signal from R4 is fed
to TR2 via C3. TR2 is operated as a grounded
emitter amplifier from whose collector an output is
fed via R9 and C5 to the back-to-back diodes DI
and D2. The output from the diodes is then passed
to the attenuator and filter system given by C6, R10
and R11. This reduces gain and provides additional
wave-shaping, eliminating any spikes that may get
through.

JUNE 1971

C7 bypasses the battery supply. Should the power
be obtained from the main equipment with which
the compressor is used it ray be necessary to pro-
vide additional smoothing or decoupling. This how-
ever is hardly necessary since the total consumption
of the unit is only about 0.5mA. A PP3 battery lasts
for months, and the onset of hiss and distortion is a
sure indication that the battery has run down.

The output, as shown in Fig. 3, is suitable for
high impedance input to the following stages. If low
impedance output is required a further stage, say
an emitter follower, could be added. Depending on
the microphone, some adjustment may be needed to
the value of R1. Also, depending on the gain of the
apparatus to which the compressor is connected,
some adjustment may be needed to R10 and RI11.
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In some cases, R10 may be made as high as 100k().
The values shown in the Components List have how-
ever been quite satisfactory in the writer's unit and
in several models made up for friends.

The unit has been in use for some years, which
explains why the fairly old-fashioned OC71 appears
in the transistor stages. The OC7! is quite satisfac-
tory in operation and has the advantage nowadays
of being very inexpensive. The microphone connects
to the input of the compressor. A wide variety of
microphones have been used with the unit including
crystal and dynamic microphones, the latter having
inbuilt step-up transformers. The combination used
most by the author is the Grampian DP4/L micro-
phone in combination with a Radiospares ‘Hygrade’
1:65 microphone transformer (Home Radio Cat.
No. M22A). When using different microphones the
important thing is to set the gain of the compressor
to suit each type.

CONSTRUCTION

There are no difficulties in construction. The com-
ponents should be laid out in more or less the same
manner in which they appear in the circuit diagram,
using tagstrips, perforated component board with ter-
minal pins, or any other means of assembly favoured
by the constructor. The whole unit must be complete-
ly screened, and the writer employed a small die
cast box, with lid, for this purpose. Obtain the ac-
tual components first and check on the space they
will take up before working out the size required
for the case. An input phone jack is fitted to the
case, whilst the output is taken to the following
equipment by way of a length of screened cable
terminated in a jack plug. An on-off switch may be
mounted at any convenient point.

If miniature components are used the unit could
possibly be incorporated in the main equipment be-
cause it needs very little space and, once compression
control R4 has been set up (for a specific micro-
phone), it need not be touched again.

SETTING UP

The compression unit can be adjusted by ear quite
satisfactorily in the following manner. First set up
the apparatus with which the unit is to be used to the
volume or level required without the compressor.
Connect up the unit and adjust the compression con-
trol, R4, to about a third of the way up from the
earthy end of its track, and switch on. Advance R4
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The completed compressor
unit with the lid of the die-cast
box removed

until distortion is apparent. Now retard the input
gain control of the following equipment, nor R4,
until it disappears, If this is not effective, back off
the compression control until it does. The setting up
process may be difficult to carry out if the amplified
sound is reproduced by way of a loudspeaker, be-
cause of acoustic feedback to the input microphone.
In this instance the sound should be monitored by
a pair of headphones suitably coupled into the main
equipment.

& m

Fig. 4(a). Output waveform with the compression
control set correctly
(b}. Distortion given when the control is set too high

If an audio signal generator and oscilloscope are
available, these can be used to show convincingly
that the compressor unit is working. Set the audio
generator to about lkHz at low output (0.02V) and
connect up with the oscilloscope coupled to the out-
put of the unit. With R4 at a low setting, adjust the
oscilloscope until a trace similar to that in Fig. 4(a)
is obtained at a manageable size. Advance R4 slow-
ly until the trace shows distortion, i.e. flattening at
the peaks, as in Fig. 4(b), then back it off until it
comes back to that in Fig. 4(a).

FINAL NOTES

This unit can be used to advantage with various
types of equipment but do remember that it is not
a gain control. Many people who have tried various
types of compressor units and have condemned
them make this mistake. There is obviously gain
present but this is counteracted by the gain control
of the associated equipment. Use this and not R4.

For a number of years the author has continually
used the compressor with his s.s.b. transmitter on
the h.f. bands, and its performance has been ade-
quately demonstrated ‘on the air’. B
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NOTES ON
SEMICONDUGTORS
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4. THE TRANZENER

by

PETER WILLIAMS

One silicon transistor can offer as many as
four different Zener voltages

ENER DIODES ARE CHEAP, EFFECTIVE AND RELIABLE

devices for obtaining a stable voltage from a

variable supply. Count up the number of planar
transistors in your spares-box. You have four times
as many Zener diodes.

This piece of Einsteinian mathematics can only
be explained if we look at the nature of Zener
diodes. Any p.n. junction subjected to a high enough
reverse voltage will break down, i.e. it will begin to
conduct heavily with large increases in current for
small increases in voltage. If the junction is heavily
doped on one side, the depletion layer (the region
free of carriers) is narrow and only a low voitage is
needed to break it down. Below five volts the break-
down depends on the presence of a high enough
field strength to part the current carriers from their
parent atoms, and the diodes have a rounded ‘knee’
and small negative change in voltage with rising
temperature (typically 2mV/°C for diodes with 3.3
volts breakdown). Above seven volts the breakdown
is occuring in the broader depletion layer of a less
highly doped diode, and depends on an ionisation-by-
collision process where the current is said to ava-
lanche. Breakdown is sharp and the temperature
coefficient is just less than +0.1%/°C.

BASE-EMITTER BREAKDOWN

For many small-sign~l planar transistors the
doping of the emitter needed to provide good transis-
tor action is such that the base-emitter junction has
a reverse breakdown voltage close to 6 volts. For
others it may be up to 12 volts, but is rarely higher.
This voltage around 6 volts puts breakdown in the
intermediate class between true Zener or field-effect
breakdown and avalanche breakdown. The proper-
ties are similarly a mixture with a fairly sharp
breakdown and a temperature drift that may
approach zero (At moderately high current this
occurs around 5.6 volts breakdown, but at lower
currents may be above 6 volts.) One reservation is
that the current levels one may use in the base-
emitter junctions of small transistors should not
exceed a few milliamps for good regulation. As
compensation the voltage remains stable to ridicu-
lously low currents — often to less than 1pA. This
makes them suitable for reference diodes, biasing
circuits, etc., but not for regulating voltages where
large currents are involved.

Ie Base open
Voo'© 4 cireuit
=
lb=0
e
Negative
krzsistoncc
o .
o Vee
Fig. 2. The collector-emitter breakdown curve
of a transistor with base open-circuit exhibits
a negative resistance region where voltage
decreases as current increases

n

ut +
Fig. 1. Avalanche b'reakdown can occur when
the base-emitter junction of a transistor Is
reverse-biased
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Where are the other three Zeners? One of them is
obtained by using the collector-base junction in
reverse. The voltages are much higher but may still
lie in a useful range, say from 12 to 40 volts, again
at low currents. This leaves two more to find. Con-
sider the properties of collector-emitter breakdown
in an n.p.n. transistor with the collector negative
with respect to the emitter. The collector-base junc-
tion is forward-biased and will have a forward volt-
age drop of 0.6 volt; the base-emitter junction is
reverse-biased and will break down as described
above. The total voltage drop ought to be 0.6 volt
above that for the reverse-biased junction alone.
Similarly the collector-emitter breakdown with collec-
tor positive (still n.p.n.) should be 0.6 volt above the
collector-base breakdown. For example. with base-
emitter and collector-base breakdowns of 6 and 15
volts respectively we have available diodes for 6
volts, 6.6 volts, 15 volts and 15.6 voits — all from
one transistor.

‘Should . . . .. ought’. These are the big words
in the last paragraph that reveal some over-simpli-
fications. A closer look at collector-emitter break-
down shows a more complex pattern (Fig. 2) in
which negative resistance regions appear, and this
will have to be left till later. The amazing saga of
the transistor with the missing terminal will be con-
tinued in the next instalment.
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and has a number of communications receivers,

has always found it of considerable interest to
make comparisons between different receivers tuned
to the same frequencies and using the same or differ-
ent aerial combinations.

In the past such comparisons necessitated plugging
and unplugging the aerials, a process which took
time and sometimes made it difficult to obtain a true
estimate of relative performance. The switching unit
to be described in this article allows immediate and
direct switching of aerials and receiver inputs to be
achieved, and it also enables an aerial tuning filter
to be switched in or out of circuit, as desired. All
aerial and receiver switching operations are moni-
tored by coloured pilot lights, and a pilot lamp also
indicates when the aerial tuning filter is in circuit.

THE WRITER, WHO IS A KEEN SHORT-WAVE LISTENER

CIRCUIT OPERATION

In the writer’s installation the unit selects the
following aerials: a K.W. trap dipole; the same
aerial with the down-lead in use as well, making an
effective ‘T aerial for Top Band; and a 60ft. general
purpose wire. The switching unit caters for three
receivers, two of these being a Collins 51S1-1 and a
Trio JR310. The third position is kept spare so that
any other set can be tested and compared in perfor-
mance with the first two.

The circuit diagram appears in Fig. 1, and it will
be seen here that three sockets, SKTI, SKT2 and
SKT3, accept connections from the aerials. Si(a)
and S1(b) then select, for connection to the arm of
S2(a), either the 60ft. aerial, the dipole with both
sides of the feeder connected together, or the dipole
with one side of the feeder connected to chassis. S1(c)
causes either PL1, PL2 or PL3 to be illuminated
according to the aerial system switched in.

Signals from the selected aerial now pass to the
arm of S§2(a). S2(a) and S2(b) either cause the signal
to pass through the aerial tuning filter given by CI,
L1 and C2 and then on to the arm of S4(a), or they
allow the signal to be fed direct to the arm of S4(a)
with the aerial tuning filter out of circuit. When the
aerial tuning filter is in circuit, S2(c) causes pilot
lamp PL4 to be illuminated.

The signal at the arm of S4(a) passes to SKT4.
SKT5 or SKT6, according to the position of the
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AERIAL S
AND TUN

MARTIN E

Details of a neat short-wave receiw
aerials to be switched to different
cated by small pilot lamps. An aeri

when

switch, and thence to the appropriate receiver aerial
input. The receiver selected is indicated by PLS,
PL6 or PL7, as appropriate. The connections to the
receivers are made via short lengths of coaxial cable.

The pilot lamps are all supplied by the small 6.3
volt heater transformer, T1.

The aerial tuning filter employs a design due to
L. Saxham* which has been found to be extremely
satisfactory in use. Both Cl and C2 are 2-gang
410pF capacitors with their two sections in parallel,
causing them to each have maximum values of
820pF. The inductance which can be inserted be-
tween these two capacitors is adjustable by means of
S3.

*L. Saxham, ‘Aerial Tuner Unit For The S.W.L.. The Radio
Constructor, August 1968,

SKT;
60ft C S2q
Aerial — 'i‘u—n
— 1%
SKTy I|
C .
|
Dipole
SKT3

S

S2c o
PLy PLp PL3 PlLg
Gre—zn ) Yellow

Fig. 1. Circuit diagram of the

THE RADIO CONSTRUCTOR

WwWWwWWw.americanradiohistorv.com


www.americanradiohistory.com

VITCHING
ING UNIT

T, F.S.V.A.

tncillary unit which enables different
eivers, circuit conditions being indi-
‘uning filter can also be switched in

juired

CONSTRUCTION

There are no problems with layout provided that
L1 is not mounted too clese to any large metal area.
The author’s unit is built in a chassis measuring 12
by 4 by 2iin., obtained from H. L. Smith and Co.
This is a chassis type ‘K’, with corners strengthened.
The heater transformer was also obtained from
H. L. Smith and Co., although any small mains trans-
former offering 6 or 6.3 volts at 0.5 amp or more
will be satisfactory. Take care to ensure that the
transformer employed has a height less than the
depth of the chassis. If not, it will project above the
chassis edges. Similarly, tuning capacitors different
to those used by the author may be difficult or im-
possible to fit in. It would be best to check these

SKT,
0} RX|

Saa p SKTg o
Srerer—C) X2

SKTg
. JRx3

T —

0V é

AC

PLg PLg

oo ©®

s

]

U]

‘al switching and tuning unit

,,J,, ) Red

@I Cover Feature

MV

Capacitors

Cl 2-gang variable 410pF (both sections
connected in parallel) Type 02 (Jack
son Bros.)

2 2-gang variable 410pF (both sections
connected in parallel) Type 02 (Jack
son Bros.)

Inductors

1.1 Home-wound on Lantex tubing, 6in
by lin. dia. (Home Radio Cat. No.
ZA24) with 24 s.w.g. enamelled wire

11 Mains transformer, secondary 6.3 (or
6) volt at 0.5 amp or more (see text)

Switches
(See text for alternatives)

S1 3-pole 3-way, miniature rotary
S2  3.pole 2-way, miniature rotary
S3  i-pole 3-way, miniature rotary
S4  2-pole 3-way miniature rotary

Pilor Lamps

PL1, PL2, PL3 i2-volt pilot lamps com
plete with panel-mounting holder, grecn
(H. L. Smith & Co.)

PL4  12-volt pilot lamp complete with
panel-mounting holder, yellow (H. L
Smith & Co.)

PLS, PL6, PL7 12-volt pilot lamps complete
with panel-mounting holder, red (H. 1..

Smith & Co.)
Sockets
SKTI - SKT6 two 3-way saocket assemblies

(H. L. Smith & Co.) or six standard co-
axial sockets

Miscelluneous

Four pointer knobs

Two pointer or scaled knobs (for C'1 and C2)
Two stand-off insulators type SOI.1 (Denco)
One chassis, 12in. by 4in. by 2%in., type K,
with strengthened corners (H. L. Smith &
Co.)

Two angle brackets (for mounting unit to
operating surface underside)

One aluminium sheet 12in. by 4in.
Systoflex sleeving, connecting wire, elc.

JUNE 1971
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d
{14 turns 24 swg enam. Lantex former

3/32 dia (6BA clear)
- I1i6"dia

Taps at:
O turns 40 turns
] 55
5 65
L) 80
20 o0
30 114

Fig. 2. Details of the tapped coil employed
in the tuning filter

last two points before making or obtaining the
chassis.

All four switches are of the miniature rotary type.
S3 is readily available as 1-pole 12-way. but it may
be necessary to obtain S1 and S4 in 4-pole 3-way
and to make no connections to the unused poles.
Similarly, S2 could be 4-pole 2-way with no connec-
tion made to the unused pole. When wiring up to
these switches it is helpful to have on hand a simple
continuity tester. such as an ohmmeter or a battery
and bulb in series, to determine which contacts are
closed at each switch position.

The pilot lamps, holders and lenses were also
obtained from H. L. Smith and Co., and are green
for PL1 to PL3, yellow for PL4 and red for PLS to
PL7. It was found that 12 volt, rather than 6 volt,
bulbs were to be preferred as they gave the required
illumination without being too bright.

Coil L1 is wound on a 6in. length of lin. diameter
Lantex tubing, as shown in Fig. 2. Two 6BA clear
holes are drilled in. from each end to take the
stand-off insulators by means of which the former
is mounted to the chassis. Two +in. holes are also
drilled at each end to enable the ends of the coil
wire to be anchored. The coil has 114 turns of
24 s.w.g. enamelled wire with the turns spaced at
one wire thickness. Total winding length is approxi-

A view inside the chassis, whose open side is
towards the top. The aerial filter coil may be
seen at the left and the pilot lamp transformer

at the right. The tags of the transformer are
covered with p.v.c. insulating tape

mately S.4in. Taps are made at the turns indicated in
the diagram. The tap at the 'O’ position (which con-
nects to C1) is really the start of the coil. This tap
is included to enable comparative checks to be made
without inductance in circuit.

The positions on the coils where taps are to be
made should be carefully scraped clear of enamel
with a small bladed pen-knife. taking care to avoid
removing the enamel from adjacent turns. The bared
copper points should then be carefully tinned using
a small pencil-bit iron. Short lengths of 24 s.w.g.
or slightly thinner tinned copper wire may be soldered
to the tinned sections. The tap wires should be sol-
dered to the coil before it is mounted in position on
the chassis. They may then be connected, shortened
as necessary. to the appropriate tags of S3, being
covered with Systoflex sleeving to insulate them
from each other.

The writer’'s unit employed two 3-way phono
socket assemblies for input and output connections.
Standard aerial coaxial sockets could be employed
instead. if desired.

FRONT PANEL

Front panel layout is shown in Fig. 3. Here, the
four switch spindles should all be on a horizontal
line which is just sufficiently high to provide com-

e 116" e 116" 116 e 116" 1167 16"

| Y8

PL4
e . O S3 .

PL3 OFL oY fts OPL6 @PL . i

OSI Osz OSA

—I5/I6——< 178" = 178"~

—— _——

178"
12* -

Fig. 3. Front panel layout. The open side of the chassis is at the top

— 178 = 17t leiSpet

678

THE RADIO CONSTRUCTOR

WwWwWw . americanradiohistorv.com


www.americanradiohistory.com

3 holes 4BA clear

equi-spaced on I°dia
o d
s

18]

Spindle centre Hole 5/8”dia
Fig. 4. Detail illustrating mounting hole layout

for C1 and C2

fortable access 10 their tags for wiring at the rear
without the risk of short-circuits to chassis. Because
of possible slight variations, it is preferable to use
the components themselves as a guide to height. The
spindles of Cl and C2 should also be on a horizon-
tal line. These two capacitors are each secured by
three 4BA bolts passing through the front panel.
Take care to ensure that these bolts do not pass
sufliciently far into the capacitor to foul the front
fixing vanes. Short bolts, {in. or less, are required
here, with sufficient washers between the back of

Another view of the internal components of the
un.t. Layout is neat without being cramped

the front panel and the front of the capacitor tframe
to provide spacing. Hole positioning is given in Fig. 4.

Fig. 5 shows the layout of the principal compo
nents inside the unit. The wiring is simple and
follows the circuit diagram of Fig. 1. It is advisable
to keep the pilot lamp wiring reasonably well spaced
away from aerial circuit wiring, but there is no neces

i,

H

]

L

SKT4 SKT
SKTg SKT,
Grommet for mains lead SKTe SKT3

\Q/ N
== e

Fig. 5. Layout of the principal components inside the chassis

Speaker ) Speaker
Receiver Receiver
° [ o
Shelf 5 @ @ o
o Qo o o o ©
-t 1T

Stand-off insulators

Moso”

|
0 0 00 o
[e] ] o]

Aerial switching
unit

Brackets

v

Operating bench surtface
Fig. 6. The unit is intended to be mounted below the operating position, as shown hera
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sity to go to excessive lengths to achieve such spac-
ing. 1f the mains transformer has tags at its upper
end. these must be well covered with insulating tape
to prevent short-circuits to a metal screen which,
later. causes the entire unit to be screened. No mains
on-off switch for the transformer is provided. In the
author's installation a single switch controls mains
power to all the outlets on the operating bench.
When these are switched on, so also is the supply to
the transformer in.the aerial switching unit.

So far as finish is concerned. the outside of the

chassis may be painted or covered with black ‘Fab-
ton’. The second method was used with the proto-
type. .
As will have been observed from the photograph of
the front panel, the unit is correct way up when the
open side of the chassis is at the top. This method
of construction is employed because the unit is
secured to the underside of the shelf, on which the
receivers stand, in the manner shown in Fig. 6. An
aluminium sheet of appropriate size is fitted to the
underside of the shelf so that, when the aerial
switching unit is fitted, it becomes completely
screened. All wires from the aerials to the unit, and
from the unit to the receivers, pass through a slot
at the rear of the shelf, enabling a neat receiver in-
stallation to be given. The unit is earthed via the
braiding on the coaxial leads to the receivers.

OPERATION

Operation with the switches is self-explanatory.
and the indicator lights are extremely helpful in
showing what aerial system has been selected and
which receiver output has been switched in. The pilot
lamps indicating aerial are green and those for re-
ceiver output are red. A yellow pilot lamp gives
indication when the aerial tuning filter is switched in.

The best method of using the aerial tuning filter
is to initially tune in the desired signal with the
filter switched out. The filter is then switched in by
means of S2, and C1 and C2 are set to approximately
mid-position. The 12-way switch S3 is next rotated
for highest signal strength, as shown on the receiver
S-meter, after which C2 and C1 are adjusted, in
that order, for maximum strength. A final slight
adjustment to C2 again, and then to Cl1, will give
optimum results.

It should be noted that a good earth connection is
necessary if the aerial tuning filter is to operate to best
advantage. A gain of some two S-meter points should
be given with most transmissions.

Finally, the author would like to point out that the
usefulness of the unit has been almost incredible,
and that it has added immensely to the pleasure he
obtains from short-wave listening and from the
evaluation of receiver and aerial performance. M

THE SHAPE OF THINGS TO COME?

With all the improvements to television reception
and the added attraction of colour, can we next
cxpect to go onto three dimensional pictures? Or
even the appropriate aromas to go with each pic-
torial scene? :

No, surely not!
~ With an cducational tour around a sewage estab-
Jishment, someonec would be bound to say:-

! “Turn the smell down a bit!”
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CURRENT SCHEDULES

Times = GMT Frequencies = kHz

* GUINEA REPUBLIC

‘La Voix de la Revolution’, Conakry, now has an
English language schedule from 1830 to 1900, from
0000 to 0100 and from 0300 to 0330 on 4910 (4kW)
and on 7125 (S0kW). The address is:~ Radiodiffusion
Nationale, B.P. 617, Conakry.

* COLUMBIA

HIAF ‘Radio Sant Fe’, Bogota, now has a power
of 13kW (2.3kW listed) according to a recent veri-
fication. HJAF has a 24 hour schedule on 4965. The
address is:— Aereo 9339, Bogota.

* CANADA

Radio Canada broadcasts to Europe, in English
daily. from 0715 to 0745 on 9625 (50kW) and 11780
(50kW). From 1217 to 1313 on 17820 (50kW) from
1516 to 1522 featuring a newscast on 17820 and
21595 (S0kW), from 2115 to 2152 (Saturdays and
Sundays from 2100 to 2152) on 11715 (50kW), 15325
(50kW) and 17820. The latter channel closes down at
2148) The address is:— Radio Canada International,
P.O. Box 6000, Montreal 101.

* SOUTH AFRICA

Radio South Africa, Johannesburg, beams a pro-
gramme in English to the UK. from 1800 to 1850
daily on 15250 (250kW) and on 21480 (250kW).

A worldwide programme in English is radiated
from 0930 to 0946 on 17825, 21535 and on 25790 (all
250kW).

* SWEDEN

Radio Sweden now broadcasts to the Far East on
11970; to the Middle East on 11970, 15240 and
21690; to Africa on 21690; to Eastern N. America
on 11825, 15315 and to Western N. America on
11705.

* TAIWAN

The Voice of Free China, Taipei, uses the follow-
ing channels in parallel, 9765, 15125, 17890 (all
50kW). In French from 1700 to 1800 and in English
from 1800 to 1900.
 NEPAL

Radio Nepal has dropped the 11970 channel and
reactivated the 4600 (5kW) outlet. May be heard
from 0120 to 0350 with 7105 (5kW) in parallel and
from 1320 to 1650 with the added 7165 channel. On
Tuesdays and Saturdays the English programme
(External Service) is from 1350 to 1420 with news-
cast at 1400.
 INDONESIA

RRI Djakarta may now be heard from 2200 to
0000 on 9795 (20kW) — a move from 9770. News at
2200, 2300 and 0000.

RRI Djakarta has a new outlet on 11720 (20kW)
for the Foreign Service in Chinese, Malay and
English from 0800 to 0930. This outlet replaces that
of 11770.

* PORTUGAL

Ibra Radio has daily broadcasts to Europe over
the 250kW transmitter of Radio Trans-Europe on
9575. The English programme can be heard on
Saturdays from 2130 to 2200 and on Thursdays from
2145 to 2200.

Our Listening Post, SCDX. @
THE RADIO CONSTRUCTOR
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LINE-OF-SIGHT COMMUNIGATION
A GLOSER LOOK

by
H. A. COLE, C.Eng., M.L.E.R.E.

Some interesting facts and figures on a mode of propagation which is
extensively used in present-day communications

and u.h.f. bands tend to follow a line-of-sight

path, which means that their effective range is.
generally speaking, about as far as the horizon. This
being so, it follows that the higher the transmitting
aerial, or the ground on which it is located, the
further will be the range which can be covered.
This is why, for example, the ITA transmitting
aerial serving some eight million people in the North-
West of England is situated on the summit of Riving-
ton Moor, near Bolton; a site which is more than
1.400 feet above sea level. The aerial itself is sup-
ported by a mast of 1.000 feet, which means that
the effective height of the aerial is well in excess of
2,000 feet above sea level.

To give you some idea of what is mcant by linc-
of-sight range, imagine you are standing on the sca-
shore at the water’'s edge, looking out to sea. If vou
are Sft. 10in. tall. your eyes will be about 5it. 6in.
above the ground and the horizon will appear to be
approximately three miles away. This fact was deter-
mined {rom the following simple equation. and is
llustrated in Fig. 1:-

RADIO AND TFLEVISION TRANSMISSIONS IN THE v H F

Optical horizon (in miles) =
V1.5 x height of observer (in feet)

Imagine you are now standing on top of a 300ft.
cliff again looking out to sea, as in Fig. 2. The
effective height of your eyes above sea level is now
300 +5.5 == 305.5 ft., and the horizon is now about
21 miles away, i.e.

V1.5 x 3055 10v/4.6

= 21.4 miles.

It is interesting at this stage to calculate the dis-
tance of the optical horizon presented to the pilot of
a modern aeroplane flying at 30,000 ft. (about the
same height as Mount Everest). Using the simple

- Distance
T (Bm)

Optical horizon
Optical line of sight

Curvature
of ec

Fig. 1. The optical horizon for a person 5ft. 10in.
tall is three miles away
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formula. this distance 1s found 1o be:-

103\/3
212 miles.

V' 1.5 x 30.000

Il

This is a formidable distance although, in practice.
the visibility is unlikely to be good enough for the
pilot to see as far as this.

HORIZON HEIGHT

When determining the horizon distance, it is im-
portant to know the effective height of the horizon
itsclf. For example, if you can see 21 miles when
you are 300 ft. above sea level, then someone at sea
level on the horizon must be able to see you (or at
least the place where you are standing) even though
his optical horizon is, theoretically, only three miles:
the same as yours was when you were standing on the
seashore. What you have done is to increase his line-
of sight range by bringing into view objects which
were otherwise below his theoretical horizon.

300
clitt ~

Distance
T~ (2tm)
~

OQptical horizon

Optical line of sight

Fig. 2. The distance to the optical horizon
increases with the height of the observer

To demonstrate the importance of this, consider
the case where two observers are looking towards
each other across a 20-mile stretch of water (the
English Channel, for example). The observers could
be looked upon as representing the transmitting and
receiving aerials of a v.h.f.fu.h.f. line-of-sight com-
munications link.

Observer ‘A’ is standing on top of a 350 ft. cliff,
and observer ‘B’ is standing on top of a 150 ft.
cliff. See Fig. 3. If we ignore the comparatively
small heights of the individual observers, the optical
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Fig. 3. Demonstrating optical line-ot-sight
between two distant observers

horizon of observer "A" is V1.5 x 350, or 23
miles approximately. and that of observer ‘B’ is

v 1.5 x 150, or 15 miles approximately. The effective
line-of-sight range of each observer is therefore
23 + 15 = 38 miles, which is about 18 miles greater
than the surface distance between them. The two
observers are therefore able to communicate with
each other, which they may do, for example, by
visual means or by use of a 2-way v.h.f./u.h.f. radio.

It is important to realise that had the combined
line-of-sight range of the two observers been less
than their separation distance, then they would nor
have been able to communicate with each other.
This is illustrated in Fig. 4. which shows the two
observers of Fig. 3 now separated by a surface
distance which is greater than the combined line-
of-sight range.

It is usual to express the equation giving the com-
bined line-of-sight range (r) of two observers as
follows:

r = V1.5Ah + V1.5 Bh miles.
where Ah is the height (in feet) of observer A. and
Bh is the height (in feet) of observer B.

ATMOSPHERIC REFRACTION

The simple formula used to determine the optical
horizon is only valid if the light waves can be
assumed to travel in straight lines between the two
points of interest. In most cases they do, although
there are times when they are bent, or refracted, in
such a way that they tend to follow the curvature
of the earth for some considerable distances. When
this happens, objects which are normally far below
the optical horizon suddenly come into view, some-
times with startling results. Typical examples of this
happening are the desert mirage, or the sight of ships
on the horizon when the observer is many miles
from the sea. The reason for the phenomenon is

23 miles

Fig. 4. The effective line-ot-sight becomes
broken when the distance between the two
observers increases, as illustrated here
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due to what is called ‘temperature inversion’, and
radio waves are very susceptible to this.

Under normal conditions, the temperature, air
pressure and water vapour content of the atmosphere
decreases with increasing altitude (as any moun-
taineer will confirm), and radio waves travelling in
the upper atmosphere tend to travel slightly faster
than those travelling closer to the ground. This is
bzcause the refractive index of the atmosphere also
decreases with altitude, and the velocity of a radio
wave is inversely proportional to this index.* The
effect is to cause the wave to droop somewhat from
its expected straightline path, and to follow the
curvature of the earth for some distance before
continuing on its way. The effect is illustrated in
Fig. 5 which shows that an object which is situated
below the line of the optical horizon is within the
range of what is called the ‘radio (or radar) horizon’.
Because of this, the simple equation used to deter-
mine the optical horizon must be modified to take

into account the increased range of the radio
horizon.
Radio waves Optical line
of sight

Transmitting
aerial

yaerial

Optical

horizon horizon

Radio line
of sight

Fig. 5. The effects of atmospheric retraction

The amount by which the equation must be modi-
fied depends upon the likelihood and extent of the
atmospheric refraction. Unfortunately, this is not
easily predictable because it depends upon so many
unknown factors. It is, for example, less likely at
great heights in cold dry climates whereas it is more
likely at lower altitudes in tropical, humid climates.
The correction factor can therefore only be a com-
promise and is generally different for various parts
of the world. The equation usually specified for the
middle range of latitudes of the Northern hemi-
sphere is:

r = Vv2Th + V2Rh

where r is the radio line-of-sight range in miles,
Th is the height (in feet) of the trasmitting aerial,
and Rh is the height (in feet) of the receiving aerial.

TEMPERATURE INVERSION

Another factor which can have a pronounced
effect on the radio line-of-sight range is the phe-
nomenon known as temperature inversion.

As was said earlier, the temperature and moisture
content of the atmosphere normally decreases with

* The refractive index of a radio wave may be defined as the ratio of
the velocity of the wave in the first medium, to that in the second.
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altitude, and continues to do so for many thousands
of feet. The rates of these decreases are usually
quite small, and linear. as is shown by the thick-line
curves in Fig. 6.

Under certain atmospheric conditions. however.
which usually occur in the Spring and Autumn, there
may exist regions in which a layer of cool moist
air is lying below a layer of warm dry air. When
this happens, the temperature gradient of the
atmosphere within the layers actually increases with
altitude instead of decreasing and the gradient is
therefore reversed. or inverted; this is shown by the
dashed-line curves of Fig. 6.

Temperature
Moisture content

Height above earth Height above earth
———— ——

Fig. 6. Variations in temperature and moisture
content of the atmosphere plotted against
height above earth

The circumstances necessary to bring about a con-
dition of temperaturc inversion are usually caused
by the passage of warm dry air over a body of cool
water (thz sea or a large lake, for example). The
presence of the warm air causes evaporation to occur
from the surface of the water, and this is rapidly
absorbed by the lower layers of the dry air. The
result is a concentration of cool moist air close to
the surface of the water. and below the layer of
warm air above.

The region of temperature inversion may exist
for only a few feet, or maybe to a height of several
thousands of feet. When the effect is very pro-
nounced, the usual curvature of the radio wave due

to normal atmospheric refraction is increased to such
an cxtent that it may exceed even that of the earth
itself. When this happens. the wave is trapped be-
tween the surface of the earth and the lower of the
two inversion layers and it is forced to travel round
the carth for an abnormally great distance: this is
itlustrated in Fig. 7.

Radio waves

Fig. 7. 'Surtace trapping’ due to temperature
inversion

Bending of the radio wave in this way does. of
course. greatly increase the line-of-sight range of the
transmitter, which may or may not be a good thing.
In most instances it will upset the calibration of a
radar set and cause confusion in estimating ranges.
In other instances it may cause interference between
radio or television programmes; as sometimes hap-
pens in this country when our reception is affected
by abnormal radiation from Continental stations.
Of course. if the temperature inversion could be
rclied upon. or readily predicted. it could be usetul
in extending the range of a transmitting station.

The parts of a radio wave which are most affected
by the phenomenon, are those which are radiated
from the aerial at fairly shallow angles. Those which
are radiated at steeper angles are much less affected
and arc not bent sufficiently to become trapped; this
is also shown in Fig. 7.

BOOK REVIEW

16 pages, 6 x 8%in. Published by Radio Modeller Book Division. Price 30p.
This booklet, produced by the publishers of the Radio Modeller magazine, describes in detail a radio

RM Singiet Set. By Paul Newell.

control transmitter and two R/C receivers suitable for use with it;

superhet receiver.

one a super-regen receiver, the other a

Paul Newell, its author, has described in considerable detail, the construction of R/C equipment which
could be easily constructed by even an inexperienced enthusiast keen to try his hand at radio control work.
The transmitter uses the latest h.f. transistors, is crystal controlled and is simple to construct. An assembly

sequence is used which enables each section to be tested as completed. A multi-test meter is all that is
required for checking out and final alignment can be done with a simple field strength meter. The unit is buiit
on a printed board, full drilling details for which are given. The constructiona! details given are very compiete
and include particulars for making up a suitable case.

Similarly, the instructions for building the super-regen receiver are complete and easy to follow. This
receiver is designed specifically to work with the transmitter, giving single channel radio control. Both relay or
relayless versions of the receiver are described. A super-regen r.f. detector is capacitively coupled into a two
stage audio amplifier, the second stage of which is transformer coupled into either a 10 ohm actuator direct,
or into a 50 ohm relay, which in turn switches an actuator. Transistors are of course used throughout. Again
full drilling instructions are given for the printed circuit board.

The superhet receiver described, whilst not reeommended as a “first try”” at a project of this type, should
not prove too difficult for the experienced constructor and no special equipment is required for setting up,
other than a multimeter. Some space is given to outlining the theory of superhet receivers, which is a useful
feature of the booklet, and also an explanation is given of the use of matched pairs of crystals in the trans-
mitter and in the superhet receiver. The advantages of using a superhet receiver are also outlined. This
receiver will drive an actuator or relay direct. Very full constructional details are given and checking, testing
and alignment are fully covered.

This little booklet can be thoroughly recommended to both newcomers to the art of radio control and to
the more experienced who we are sure will find much of interest within its covers.

JUNE 1971 683

WwWww.americanradiohistorv.com


www.americanradiohistory.com

Latin American Quest

(3) 60 & 90 METRE
TROPICAL BANDS

tively ‘easy-to-get’ stations broadcasting from
Latin America on the LF bands. Beginners who
have now logged some of the transmitters listed may
now care to listen for some of the low-powered South
American stations operating in the 60 metre (4750 —
5060kHz) and 90 metre (3200 — 3400kHz) bands.
The stations listed represent a general ‘round-up’
of just what may be heard given reasonably favour-
able conditions and in fact are those that were log-
ged during the 1970 ‘season’. Next month we shall
be dealing with individual countries on the South
American continent, beginning with Colombia, Ecua-
dor, Guyana and Venezuala.

SO FAR IN THIS SERIES WE HAVE DEALT WITH RELA-

TO HEAR OR NOT TO HEAR?

That is the question. Whether one is successful in
having a good listening session or not mainly depends
on propagation conditions at the time. Should the
right conditions for LA reception coincide with the
chosen listening date and time then a certain amount
of success will be possible providing the equipment,
and the operator, are efficient.

Assuming the equipment is up to standard, the
operator must be able to interpolate frequencies with
some accuracy and should have the requisite patience
to listen for, and correctly indentify, the station be-
ing received — often through man-made interference.
Furthermore, he must have a genuine interest in LA
reception - sufficient in providing an incentive to get
out of bed at 01.00 or so clock time!

60 METRE BAND

Within the frequency limits of this band lie most
most of the transmissions emanating from Latin
America and it is this band which is the happy hunt-
ing ground of the LA Dx’er. A few LA transmissions
are also made in the 75 metre band (3900 to
4000kHz) and in the 120 metre band (2300 to
2498kHz) but they are seldom heard on this latter
band in this country.

Here then are a few stations that are relatively
low-powered which should interest the budding 1.A
specialist.

4755kHz HJKC Bogota, Colombia (1kW), “Emisora
Nueva Mundo”, 24 hour schedule, language -
Spanish, logged at 0415 with identification.

4770kHz HCJF2 Guayaquil, Ecuador (1kW), “Radio
Guayaquil”, 24 hour schedule, languages — Spanish
and Quechua, logged at 0330 with Coca Cola ad-
vertisement and identification.

4865kHz HCXX4 Bahia de Caraquez, Ecuador
(1kW), “Radio Difusora Cenit”, 1100-0335 sched-

684

ule, languages — Spanish and Quechua, logged at
0305. This one may be heard after PRCS Belem,
Brazil closes at 0302.

4865kHz PRCS5 Belem, Brazil (2kW), “Radio Clube
do Para”, 0900-0300 schedule, language — Portu-
guese, logged at 0300 with musical box interval
signal, identification with single chime and closing.
No National Anthem.

4915kHz HJSG Valledupar, Colombia (1kW), “Radio
Guatapuri™, logged at 0415 with station identifica-
tion.

4920kHz YVKR Caracas, Venezuala (1kW), “Radio
Caracas”, 24 hour schedule, language - Spanish,
logged at 0625 with identification.

4960kHz YVQA Cumana, Venezuala (1kW), “Radio
Sucre”, 1000-0430 schedule, logged at 0345 with
four chimes and station identification.

5025kHz HCOBS5 Cuenca, Ecuador (3kW), “Radio
Splendit™, 1130-0400 schedule, heard at 0330 with
identification.

5035kHz ZYW?22 Goiania, Brazil (1kW), “Radio An-
hanguera”, 0900-0400 schedule, logged at 0335
with station identification.

Having successfully logged and identified some of
the listed stations (tick them in the margin) in the 60
metre band, the next progression in the LA Quest is
to arrange a further listening session on the more
difficult 90 metre band.

90 METRE BAND

In practical terms, propagation conditions rmuss be
good for the LA to UK path if success is to be
achieved with low-powered stations operating within
the confines 3200 — 3400kHz. Often it will be found
by experience that whilst the 60 metre band LA’s are
coming in at good signal strengths, those in the 90
metre band are almost conspicuous by their absence!
If short-skip conditions are prevailing, all the local
and semi-local utility services — with which this band
abounds — will ‘blanket’ any much weaker signals
lying underneath.

A further hazard to LA Dx’ers on this band,
especially during the ‘seasonal’ summer months, is the
greater prevalence of static. Unfortunately for the
LA specialist, the ‘season’ for LA’s is also that for
summer static! It will soon be found by the beginner
that lightning storms, although many miles away
from the home location. are easily capable of pro-
ducing those annoying ‘bangs and crashes’ — and
usually just when the station identification is being
made!

However, despite the hazards, some LA specialists
prefer this band for the simple reason that the suc-
cessful reception, and taping, of a station identifica-
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tion represents a greater feat of Dx'ing than one ob-
tained on the 60 metre band.
Here are a few stations that may be logged.

3245kHz YVKT Caracas, Venezuala (1kW), “Radio

Libertador™, heard at 0315 with identification.
3250kHz OCX7D Juliaca, Peru (1kW), “Radio Colla-

suyo”, logged at 0257 with identification, repeated

again at 030S.
3330kHz OAXIM Piura, Peru (1kW), “Radio Pro-
gresso”, heard at 0350 with Andean flute music.

Identification at 0357 and sign-off.
3350kHz OAXSJ Ica, Peru (1kW), “Radio Inde-

pencia” identification at 0250. Sign-off with choral

song at 0254.
3355kHz YVLC Valencia, Venezuala (1kW), “Radio

Valencia”, at 0300.
3378kHz HCDY4 Esmeraldas, Ecuador (0.25kW),

“Radio Iris”, identification at 0400. Signs off

at either 0400, 0447 or at 0500!

The above represent some of the stations that
may, given the right conditions, be heard on the 90
metre band. In the Latin American Quest, the band
is not an easy one to explore.

(To be continued)

NEW MINIATURE TRANSFORMERS

A new miniature laminated transformer, designed
to DIN specifications, is announced by the Industrial
& Electronic Components Division of Plessey Com-
ponents Group.

Simplicity of construction in this high performance
unit ensures low cost. Designed for use with printed
circuits, the present model has a power output
approaching 1.5W at an input voltage of 220V, S0Hz,
and measures 30 by 25 by 25mm. It has facilities for
up to ten pins for input and output connections, and
the terminal strips are 20mm apart. A flying lead
version is also available.

This component is primarily designed for instru-
mentation applications, but is also suitable for audio
and other requirements.

R e AT
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NOW HEAR THESE

Times = GMT Frequencies = kHz
® ANGOLA
CR6RY Radio Clube do Cuanza Sul, Novo

Redondo, may be heard around 2100 on 4840 (2kW).
Schedule (evenings) is from 1600 to 2200. The identi-
fication in Portuguese is “Aqui Portugal, transmite
de Novo Redondo, Angola, Radio Clube do Cuanza
Sul”. Address:- CP 10, Novo Redondo. -

CR6RG Radio Commercial de Angola, Sa da Ban-
deira, heard often with identification in Portuguese
at 2015 on 4793 (listed 4795). Power is 10kW and
the evening schedule is from 1700 to 0100.
® EQUATORIAL GUINEA

EAJ206 Radio Bata, Rio Muni, can often be heard
around 2015 with the Home Service in Spanish on
4926 (5kW). Sign-off is at 2200, identification is
“Transmite Radio Bata, La Voz de Rio Muni”. The
address is:— Apt. 57, Bata, Rio Muni.
@® SAO TOME E PRINCIPE

From Portuguese West Africa, signals can often be
logged from Sao Tome during the early mornings or
late evenings. Schedule is from 0530 to 2300 on
4807 (1kW). The address is:— Emissora Nacional de
Radioifusao, CP 44, Sao Tome. (CP = Caixa Postal).
® KUWAIT

Radio Kuwait can be heard, in English, from 1600
to 2100 on 4967 (10kW) with the local service.
Logged at 1809 with a talk and identification. The
address is:—~ Kuwait Broadcasting and TV Service,
P.O. Box 193, Kuwait.
@ TANZANIA

Radio Tanzania can be heard with the Home Ser-
vice in Swahili on 5050 (20kW). Schedule is from
0300 to 0500 weekdays and “from 0300 to 0700 on
Sundays. Address is:— P.O. Box 9191, Dar es Salaam.
® CAMEROON

A station not often reported is that at Garoua.
mainly for the reason that the channel of 5010
(4/30kW) is usually occupied by a powerful utility
station. However, Garoua can sometimes be logged
if conditions are right. Listen around 2130. Schedule
is from 0500 to 2200 using French and local dialects.
The address is:~ BP 103, Garoua and the announce-
ment “lci Garoua Radiodiffusion de la Republique
Federale de Cameroon™.
® BOLIVIA

CP110 Radio Norte, Montero, has been reported
on the new channel of 4995 (1kW). this being a
move from 4870.
® EQUADOR

HCEH3 Radio Progresso, lLoja, listed on 4775
has now been heard on 4715 (0.2kW) with sign-off
at 0410.
® N. KOREA

Pyongyang can be heard at 1945 with a pro-
gramme in French on 6540 (120/240kW).
® CHINA

Whilst tuning around the above channel. try the
6520, 6560 and 6620 outlets of Radio Peking.
® BRAZIL

ZYZ34 Radio Nacional, Rio, can often be heard
as early as 2230 on 6145 (50kW) with programmes of
typical LA music.

Our Listening Post. SCDX.
685

Acknowledgements:—

www americanradiohistorv com


www.americanradiohistory.com

BASIC

N 1AST MONTH'S ISSUE WF
l intioduced both the series re-

sonant, or tuned, circuit and the
parallel resonant. or tuned, circuit.
and we saw that both of these be-
came resonant at the frequency
where the reactance of the capacitor
becomes equal to the reactance of the
inductor. We now turn our attention
to the manner in which the ‘good-
ness’ or ‘quality factor’ of these re-
sonant circuits may be determined.

MAGNIFICATION FACTOR

In Fig. 1(a) we see, once again, the
series resonant circuit connected to
an alternating voltage generator.
(Fig. 1(a) omits the series resistor
which was included in the diagram
given last month, and which was
intended to represent the resistance
and other ‘losses’ present in the
tuned circuit.) As we Kknow. the
series tuned circuit allows maximum
current to flow from the generator
at the resonant frequency, the only
opposition to current flow being
offered by the resistance (including
losses’) in the resonant circuit.
Since the reactances of the capacitor
and inductor are much higher in
value than the resistance. and since
the same current flows through all
three, it follows that the alternating
voltages which appear across the
capacitor and inductor must be
greater than the voltage provided by
the generator. This effect actually
takes place in practice. and alternat-
ing voltages which are considerably
higher than the generator voltage
appear across both the capacitor
and inductor. These voltages have
no effect on the external circuit
because they are equal in value and
180° out of phase and therefore
cancel out.

A similar eflect appears in the
parallel resonant circuit of Fig. 1(b)
which. at resonance, draws mini-
mum current from the generator.
In this case, however, it is the
current circulating between the
capacitor and inductor within the
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UNDERSTANDING

PRINCIPLES

by W. 6. Morley

In the fourth article in this short series, which has been

written specifically for the newcomer to radio, we discuss

the transformer and the resonant circuit as encountered in
radio receivers

resoant  circuit which s greater
than the current supplied by the
senerator.

The increase in voltage across

either the capacitor or inductor in the
series  resonant circuit relative to
that supplied by the generator is
defined as the magnification factor
of the series resonant circuit. In
similar manner, the increase in cir-
culating current in the parallel re-
sonant circuit relative to that sup-
plied by the generator is known as
the magnification factor of the paral-
lel resonant circuit. The magnification
factor in both cases can be shown to

]

Alternating
voltage C\,)
generator

—w

L

(a)
Alternating =
voltage @ =l
generator i
(b
Fig. 1. An alternating voltage
generator applied to (a) a

series resonant circuit and (b}
a parallel resonant circuit

be cqual (after a mathematical step
which equates voltage and current
XL,

. XC
in terms of reactance) to-—— OF ——
S acta ) R R

where XC is the reactance of the
capacitor, Xl. is the reactance of
the inductor and R is the resistance
(including ‘losses’y offered by the
tuned circuit. With the parallel
resonant circuit these expressions
hold true if it is assumed that all the
resistance and ‘losses’ are in the
inductor and may be represented
by a resistor equal to R in series
with that inductor. This assumption
is based on the premise that there
are no losses in the capacitor, and is
quite valid provided that a capaci-
tor suitable for the resonant fre-
quency is employed.
XL

The expressions —— oOr T are

R
also equal to the quality factor, or
(., of the resonant circuit. Fig. 2
gives a number of graphs showing
the performance of resonant circuits
with different Q values at frequen-
cies around the resonant frequency.
The resonant circuits may be either
series or parallel and could be
coupled to the alternating voltage
generator of Fig. 1. For series
resonant circuits the uppermost part
of cach curve corresponds to maxi-
mum current from the gcnerator:
and for parallel resonant circuits
the uppermost part of cach curve
corresponds to minimum current
from the generator. It will be seen
that the curve peaks become shar-
per as the Q wvalue increases. In
radio work. we normally use reso-
nant circuits to select one frequency.
or a small band of frequencies, in
favour of the neighbouring fre-
quencies. and it is evident from
Fig. 2 that thc higher the Q of the
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rcsonant circuit. thc more capable
it becomes of carrying out this task
cfficiently. We say thal the higher
Q) circuits arc more selective or
exhibit greater selectivity than the
lower Q resonant circuits.

Before concluding on series and
parallel resonant circuits it should
bc pointed out. for completeness.
that the equation given last month
for resonant frequency in a parallel
resonant  circuit  is approximale.
since it ignores thc presence of resis-
tance in the circuit. In practice,
however, the crror introduced by
this approximation is negligibly
low. provided that the parallel reso-
nant circuit has a Q value of 10 or
more. The cquation can, in conse-
quence, be considered as being
accurate for all practical radio
work. in which the Q value of re-
sonant circuits is likcly to lie be-
tween about 25 and 200. As we
saw. thc samc equation is employed
for scries resonant circuits as well.
With these, the equation is true
regardless of the Q factor.

TRANSFORMERS

We initially considered the induc-
tor i Part 2 of this series. and we
noted at that time that when a direct
voltage is applied across the induc-
tor an cxpanding magnetic field is
produced in its turns. Let us now see
what occurs if we position a second
inductor close to the first inductor.
This we do in Fig. 3(a). in which
we also connect a centre-zero cur-
rent-reading meter across the second
inductor.

Fig 3(b) shows the situation im-
mediately after the direct voltage.
supplied by a battery. has been
applicd to the first inductor. The
expanding magncetic ficld is pro-
duced. and some of the lines of
force in this cut the turns of the
sccond inductor and induce a volt-
age in it. As a resull. a current
flows from the sccond inductor
into the meter, causing its needle to
be deflected away from the central
zcro position. After a period. the
expanding  ficld  reaches  its  full
magnitude and expands no more.
Since the lines of force are then
at rest there are no moving lines
of force cutting the second inductor
and ~¢ further vollage is induced in
it. The needle of the current-read-
ing meter falls back to zero.

I Fig. 3(b) we disconnect the
battery fromi the first inductor.
whereupon the magnetic field col-
lapses. There arc now moving lines
of force cutting the turns of the
sccond inductor in  the 1everse
direction to that which occurred
previously, whercupon a voltage is
once more induced but with oppo-
site polarity. The current in the
current-rcading meter flows. in con-
sequence, in the reverse direction.
with the result that the meter needle
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High Q

. Medium Q
Relative

current {f
! \'- Low Q

\

Rcsonqnt
frequency

Frequency

Fig. 2. High Q resonant circuits
exhibit sharper selectivity than
do low Q resonant circuits.
These curve shapes apply to
parallel resonant circuits,
(They also apply to series
resonant circuits but, in this
case, the peaks should all be

at approximately the same
height along the current
axis, with the remainder of

the curves shifted upwards
accordingly

is deflected to the opposite side of
the zero mark. After a period the
collapsing field disappcars. whcre-
upon the meter needle once more
returns o zero.

It will be apparent that. if we
wish the arrangement of Figs. 3(a)
and (b} to be of any practical use
in the production of wvoltage and
current in the second inductor. we
must find a means of continually
changing the magnitude of the mag-
netic field produced by the first
inductor. One way of doing this
would consist of continually con-
necting and disconnecting the bat-
iery so that the field was always
cither expanding or contracting. But
a4 much better scheme would consist
of connecting an alternating voltage

gencrator to the first inductor. The
ficld around the first inductor would
then expand. contract, pass through
zero, expand in the opposite direc-
tion. contract and pass through
7ero again in a time equal to that
occupied by onc cycle of the alter-
nating voltage. An alternating volt-
agc of the same frequency would
be induced in the second inductor.
and an alternating current would
flow in any extcrnal circuit connect-
ed to its terminals.

An arrangement employing two
inductors. or coils, coupled together
magnetically is described as a frans-
former, the first inductor being re-
ferred to as the primary coil, or pri-
mary, and the second inductor as the
secondary coil, or secondary.

Transformers are very commonly
encountered in radio work, in which
they are used to transfer alternating
power from one circuit to another.
Amongst the many useful effects
provided by a transformer is the
fact that no direct connection exists
between the primary and the second-
ary. Thus. a fransformer can be
used for passing power from one
circuit to another without any
direct electrical conncction existing
between the two.

In general terms. the transformers
encountered in radio work tend to
fall into two categories. In one of
these categorics the (ransformer is
required to pass power from one
circuit to another with maximum
efficiency. In the other category the
transformer is still required to pass
power from one circuit to another.
but the question of efficiency is less
important than are such factors as
that it provides isolation between
the primary and secondary circuits.
Indeed. efficiency may be purposcly
made quite low with iransformers
in the sccond catcgory. Transformers
in the first category consist of com-
ponents intended for operation at

meter

Expanding
magnetic
tield

(a)
Fig. 3(a).

Current-
~reading

Immediately aiter the battery shown here has been
connected to the lower inductor an expanding magnetic fie'd
appears about it, inducing a voltage in the upper inductor
(b). When the battery is disconnected, the field collapses,
‘nducing a voltage of opposite polarity in the upper inductor

Contracting
magnetic
field

(b)

WwWwWw . americanradiohistorv.com

687


www.americanradiohistory.com

Windings (secondory
wound over primary)

Laminoted iron core
Fig. 4. Side and end views of
an iron-cored pcwer transformer
having a sing'e secondary

mains or audio frequencies, whilst
those in the second category are
intended for operation at radio fre-
quencies. We shall next examine
transformers which fall in the first
category.

LOW FREQUENCY
TRANSFORMERS

Transformers intended for opera-
tion at mains and audio frequencies
are required to transfer power from
primary to secondary with a high
level of efliciency. Since mains and
audio frequencies are relatively low,
it is possible to employ a transfor-
mer having a common iron core
for both primary and secondary.
and thereby obtain an efficient
magnetic coupling without introdu-
cing excessive losses. The core is
made up of thin iron laminations
insulated from each other, the in-
sulation preventing an excessive
flow of induced currents in the core
itself. Such currents would produce
unwanted heat. which would con-
stitute an undesirable loss of powecr.
The most common construction for
mains and a.f. transformers consists
of having the core pass through the
primary and secondary and then
complete  the magnetic  circuit
around them on both sides, as
shown in Fig. 4. The primary and
secondary arc wound on a common
bobbin. the primary usually being
wound on first. There is, therefore, a
very high degree of magnetic coup-
ling between the two coils. The
circuit symbol illustrating this type
of transformer is given in Fig. S.
the solid vertical lines between the
coils indicating that they share a
common iron core.

If the secondary has the same
number of turns as the primary.
the alternating voltage appearing
across the secondary is equal to the
alternating voltage applied across
the primary. If the secondary has
twice the number of turns that
appear in the primary, the second-
ary voltage will be twice the voliage
applied to the primary. If the secon-
dary has half the number of turns
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that appear in the primary, the secon-
dary voltage will be half the pri-
mary voltage. This relationship
holds true (assuming efficient trans-
former design) for all ratios between
secondary and primary turns and
may be expressed thus:

Sccondary voltage _  Secondary turns

Primary voltage Primary turns

An inverse relationship holds true
for primary and secondary currents.
To visualise this relationship it is
helpful to think in terms of a "per-
tect’ transformer. this being a com-
ponent which has infinite inductance
and zero resistance in both its
primary and secondary. and which
has no ‘losses’ in the magnetic
coupling between the primary and
secondary. Let us assume that the
secondary of such a transformer has
twice as many turns as the primary
and that 100 volts r.m.s. alternating
is applied to the primary. The r.m.s.
secondary voltage is thereforc 200
volts. If the secondary has no load
connected to it no current flows in
it. and no current flows in the pri-
mary. If a resistor is connected
across the secondary. the resisior
having a value which causes | amp
r.m.s. at the 200 volts available to
flow in it, the current flowing in
the 100 volt primary will rise to
2 amps. This is because, sincc the
transformer is a “perfect’ component.
the power (volts times amps) fed (o
the primary must equal the power
tuken from the secondary. In both
cases the power is 200 watts. Had
the secondary been wound with
half as many turns as the primary.
so that it offered 50 volts r.m.s.. and
had a resistor been connected across
it which caused 4 amps r.nus. to
flow, the current in the primary
would once more have been 2 amps.
Again the power is 200 walts in
hoth secondary and primary cir-
Cults.

Primary
X

h

s:eondnwf

rd
tﬂ E"f
e

F./g. 5. Circuit symbol for an
iron-c:red trarsformer. Here,
the primary is the winding on
the left <f the core, but it can
be shown in a circuit diagram
on any side of the core

Secondary current _ Primary turns .

Primary current Sccondary turns

We had to introduce a ‘perfect’
transformer  when  discussing  the
current relationship because com-
mon-sense observation informs those
of us who have had experience
with iron-cored transformers that a
small current flows in thc primary
cven when no current flows in the
secondary. This current is loosely
referred to as magnetising current.
and is that required to overcome
‘losses’ including “losses” in the core.
The primary current which tlows
due to sccondary current is then.
approximately. the  ‘magnetising
current’ plus the current indicated
by the equation just given.

[t is common to specify a trans-
former in terms of its turns ratio,
the figure for the primary appearing
first. Thus, if the secondary has
three times as many turns as the
primary the component is a 1 : 3
transformer. Again. if the secondary
has one-fifth of the primary turns.
the component is a S : | transformer.
The transformer is described as a
step-up transformer when the secon-
dary has more turns than the pri-
mary and as a step-down trans-

We may see. therefore. that: tormer when 1the sccondary  has
480V
el e 240V |
220v [
200V = 200V
50mA
Input 120V 240V QOutput

1:5A
(¢]

(a)

Fig. 6(a). Power transformers are normaily specified in terms of
secondary voltage and current. in this typical example of a mains
transformer, the primary has taps for 200, 220 and 240 vo.t mains
supplies, and the secondaries provide 200 volts at currents up to
50mA and 6.3 volts at currents up to 1.5 amps
(b). A 2:1 step-down autotranstormer
(c). A 1:2 step-up autotransformer

QOutput Input
of

O@—i——oo

()
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fewer turns than the primary. Al-
ternatively, and particularly if the
component is intended as a power
transformer for driving equipment
from the mains. it may be speci-
fied in terms of the secondary volt-
age and maximum secondary cur-
rent which may be drawn. Mains
transformers frequently have more
than one secondary, a typical ex-
ample being shown in Fig. 6(a). It
is possible also to have one section
of either the primary or secondary
common to the other. thereby
forming an autotransformer. Two
typical examples of the autotrans-
former, both intended for 240 volt
a.c. mains input, are illustrated in
Figs. 6(b) and (c). The autotrans-
former provides a saving in wire
and winding space, but does not
have isolated primary and sccond-
ary circuits.

Audio frequency transformers are
normally referred to in terms of
turns ratio, and their physical size
depends mainly upon the power
they are called upon to carry and
the efficiency with which they are
required to handle the wide range
of frequencies in the a.f. spectrum.
Transformers intended for coupling
high power a.f. amplifiers to loud-
speakers can be quite large in physi-
cal size, of the same order as mains
power transformers. Transformers
coupling a.f. amplifiers to loud-
speakers are often specified in
terms of the impedances of the
circuits they couple together. A
brief example will illustrate the
manner in which this specification
operates.

Let us say that we have an a.f.
amplifier which functions at its best
if it feeds the output af. signal into
a 164 load. This would normally be
a 162 loudspeaker functioning. so
far as the amplifier is concerned, as
though it were a 169 resistor. Only
a 40 loudspeaker is available. A

little thought will show that. for
the same power, a 4% loudspeaker
will require less a.f. voltage across
it and greater a.f. current through it
than does a 162 loudspeaker. and
so the transformer we require will
be u step-down component. con-
nected as in Fig. 7. The ratio re-
quired in the transformer is the
square root of the ratio of the im-
pedances, which works out. in our
example. as the square root of 16 : 4
or, simplifying, the square root of
4 :1. The transformer required will
need a turns ratio of 2: [,

We can take this example a little
turther by assuming, next, that at a
certain output level the amplifier
of Fig. 7 applies an r.m.s. voltage
of 16 volts across the primary of
the 2:1 transformer. The voltage
appearing across the secondary will
be 8 volts, which will cause 2 amps
to flow in the 42 loudspeaker. From
the current transformation examples
we have just seen, this means that
a current of 1 amp will flow in the
primary. So for an output voltage
of 16 volts from the amplifier an
output current of 1 amp flows in the
transformer  primary. which s
equivalent to the amplifier feeding
into a 162 load.

The process of converting one
impedance to another in this man-
ner is referred to as ‘matching’, and
the turns ratio required may be
summed up by stating that. for a
matching transformer,

Primary turns
Secondary turns

\/ Input impedance
Output impedance.

Fhe same equation applies for a
step-up transformer which matches
a low input impedance te a high
output impedance.

Aerial tuned
Aerial coll
%
Tuning
capacitor
]
o
_| Aerial coupling
Earth coil
(a)

receiver.

(b) ()

Fig. 8(a). A typical r.f. transformer, as encountered in a radio
Two new symbols, those for aerial and earth, are
introduced here
(b). The coupling between the two coils in (a) is normally relatively
loose, the coil having the typical construction illustrated. The ‘former’
is a tube of insulating material on which the coils are wound
(c). If the first stage of the receiver operates at low impedance
it may be fed from a tap in the aerial tuned coil

Former

To first
tage of
receiver

4a
AF
amplitier loudspeaker
|6n ﬂ:
output | i
! 21
transformer

Fig. 7. Employing a transformer
for matching a loudspeaker to
an a.f. amplifier. This diagram

also, incidentally, introduces
the circuit symbol for a loud-
speaker
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R. F. TRANSFORMERS

Transformers intended for radio
[requency work fall into the second
category referred to earlier. They
rarely have magnetic coupling be-
tween primary and secondary which
is as tight (Le. close, or efficient)
as is given in mains and a.f. trans-
formers. Frequently the coupling is
intentionally quite /oose.

A typical example of an r.f. trans-
former with a loose coupling is
given in the acrial input stage of a
radio receiver employing an exter-
nal aerial and earth connection, the
circuit employed being illustrated
in Fig. 8(a). The aerial and earth
connect to the primary winding of
an air-cored r.f. transformer. this
winding coupling loosely to a secon-
dary which forms part of a parallel
resonant circuit. See Fig. 8(b). The
resonant frequency is varied by a
variable capacitor. or tuning capaci-
tor, which may be one section of a
ganged capacitor or, in a very
simple receiver, the only tuning
capacitor provided. We know that
a parallel resonant circuit connected
to an alternating voltage gencrator
draws minimum current at the re-
sonant frequency, which is another
way of stating that it offers maxi-
mum impedance at that frequency.
All the signals picked up by the
aerial and carth system will be
applied to the primary of the rf.
transformer of Fig. 8(a) and these
will induce corresponding currents
into the secondary. which is part of
the resonant circuit. The greatest
voltage across the resonant circuit
will correspond to the signal at its
resonant frequency. because that is
the frequency at which the impe-
dance of the circuit is highest. (This
corresponds to the situation we
considered last month, when an
alternating voliage generator  of
varying frequency was applied to a
parallel resonant circuit.) We then
say that the resonant circuit has
‘tuned in’ the particular frequency
at which it is resonant. It will be
obvious from Fig. 2 that the fre-
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quency will be tuned in with less
interference trom signals on neigh-
bouring frequencies if the tuned
circuit has a high Q.

In practice we do not often use
the term ‘transformer’ to describe
the arrangement shown in Fig. 8(a).
More general usage consists of re-
ferring to the secondary as the
‘aerial tuned coil’ and the primary
as the ‘aerial coupling coil’. Never-
theless. the arrangement is still a
transformer.

The signal r.f. voltage appearing
across the tuned coil in Fig.8(a)
may be applied to the input circuit
of the associated receiver. If this
operates at high impedance (as
occurs when a valve or field-effect
transistor appears in the first stage.
or section. of the receiver) the con-
nections may be taken from the
outside ends of the coil. If the in-
put circuit has a low impedance
{as occurs with most transistors) the
connections cannot be taken from
the outside ends of the coil. This
is because the low impedance across
the coil would tend to nullify the
comparatively high impedance given
by the tuned circuit at resonance.
whereupon the tuned circuit will
operate as though it had a low Q.
The input circuit can. however.
connect to a tap part way up the
tuned coil. as in Fig. 8(c). Here we
have the high impedance offered
by the tuned circuit coupling to the
low input impedance by way of a
step-down transformer. the trans-
former in this casc being the auto-
transformer given by the tuned coil
and its tap.

A popular type of acrial for
medium and long wave recention is
the ferrite rod aerial. This aerial
comprises a tuned coil wound on a
rod or slab of ferrite material with
a tuning capacitor in parallel. as
illustrated in Fig. 9(a). The result
is a parallel resonant circuit of very
high Q in which the inductor acts
as a sensitive aerial on its own
without any external aerial wire
being required. The tuned coil can
connect directly to a high impedance
receiver input circuit but a step-
down autotransformer connection.
as in Fig. 9b). is required if it
couples into a low impedance input.
An alternative method is illustrated
in Fig. 9(c). where a coupling coil
having considerably fewer turns
couples the high impedance tuned
coil to the low impedance input
circuit. Here again. we have a step-
down transformer, this time with
separate windings. to provide impe-
dance matching. In this instance
the coupling winding is tightly
coupled to the tuned coil. in most
cases being wound dircctly over it
al one end.

The rf. transformers illustrated
in Figs. 8 and 9 have onc of the
coils tuned. This is a common
feature in radio work and it is sel-
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Fig. 9(a). The ferrite rod aerial
is very commonly employed for
medium and long wave recep-
tion, A coil is wound on the
ferrite rod, the tuning capacitor
connecting directly across it

(b). A tap may be provided in

the ferrite rod tuned coil if the

receiver first stage input 1s at
low impedance

(c). Alternatively, a coupling
coil having fewer turns than the
tuned winding may be em
ployed to feed a low input
impedance first stage

dom that an r.f. transformer with-
out at least one of the coils tuned
is encountered. Also. the resonant
circuits emploved arc nearly al-
ways of the parallel. rather than
the series. type.

NEXT MONTH

In next month’'s article we shall
investigate the processes involved
in amplitude modulated transmis-
sion and reception.

THE RADIO CONSTRUCTOR
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your
work
-Shop

oC ELL, STAP M} 1™
W Dick turned round. his

curiosity aroused by this
sudden utterance from the Service-
man. It appeared that Smithy had
been clearing out a drawer in his
bench. since the bench surface was
covered with odd bits and picces of
varying antiquity, together with the
drawer itself. The latest item re-
trieved by Smithy was obviously
that which had prompted him to
announce his willingness to submit
to stapdom, and the Serviceman
gazed fondly at the object which he
now held in his hand. Intrigued.
Dick walked over and examined it.
“Corblimey.” he snorted in dis-
gust. “From the way you called oul
I thought you'd struck oil in there
or something. Why are you making
all this fuss over rthar thing "

A.F. TRACER

“This device.” retorted Smithy in
dignantly. “which you refer to so
contemptuously as a ‘thing’. is a
servieing aid which has rendered me
considerable assistance in the past.”

“Considerable assistance?” repeat-
ed Dick incredulously. “why. it
nothing else but an ordinary large-
size headphone !

“An excellent description.”” com-
mended Smithy. “As a matter of
fact it's onc of the earpicces from a
standard pair of high resistance
headphones. and it has the usual
coil resistance of 2.000¢, It also has
a length of 2-corec flex connccted
to it.”

“How on ecarth.” asked Dick. re-
turning to the attack. “could a
gubbins like that give you all this
considerable assistance you're talk-
ing abou( ?”

JUNE 1971

Radio and television fault-finding can be carried out by

means of exceptionally cheap and simple service aids. In

this month’s episode Smithy the Serviceman introduces Dick

to two of these: one being employed for signal tracing and
the other for signal injection

“1oused o employ it in fault-
finding.” explained Smithy, “In the
old days 1 didn't have service gear
which is as ellicient as that we use
at present and | often relied on
simple auxiliary items to help me
out. A single headphone was one
of these iteins. and it was excellent
for sigaal tracing in faulty receivers.
Indeed. a single headphone. properly
used. can be an ideal fault-finding
aid for anyone who only does occa-
stonal servicing and who doesn’t
want 1o spend a ot of money on
proper lest gear. A mate of mine
does the odd service job on the
side every now and again. and he
often uses a headphone to  trace
signals through a faulty set.”

“Well.” conceded Dick reluctantly.
"I suppose it cowld be of use in
simple radio servicing.”

“He uses it for fixing TV's. too.™

“Pull the other one. Smithy.” ad-
vised Dick. *“This one is completely
encrusted with bells.™

“I'm  perfectly  serious.”  stated
Smithy. "It would be silly to say
that you can do «/l fault-finding
with a single hecadphone. At the
same  time, though. iU’'s surprising
how much you can do once you
get the knack of using it.”

“Well then. how do you use it 7~

"As I've alrecady remarked.” re-
plied Smithy. “you use it for signal
tracing. Let's start off with its use
as an a.f. tracer for checking the
passage of a signal through a faulty
af. amplifier. In this instance you
terminate one lead from the head-
phone in a crocodile clip. which
connects to the chassis of the set
or amplifier you're working on. and
you terminate the other lead. via a
series 0.024F high voliage capacitor.
in a test prod. If vou're dealing with

high level signals you can also add
a scries |M&Q resistor. What you
then do is to feed a signal into the
amplifier and. starting at the input
end. prod along its stages until you
find the point at which the signal
disappears.”

“Carrying out that process with a
headphone.” remarked Dick critic-
ally. “doesnt sound to me like the
culminating point in eflicient modern
servicing.”™

“It isn’t intended to be.” returned
Smithy. a little irritably. “As | keep
telling you. all it's meant to be is
a useful dodge tor people who dont
have a lot of expensive service gear
around the place. Besides. it's not
all that ineflicient in any case.”

“What makes you say that 2

“Because there is a fantastically
wide dynamic range of amplitude
levels at which the headnhone can
operate. This is why a single head-
phone is employed instead of a full
pair of phones with a headband.
The single headphone is held up
against the ear with one hand whilst
the other hand holds the test prod.
If you anticipate a signal at high
level you hold the earphone some
distance away from the car. whilst
if you're looking for a weak signal
you hold it up tight. If vou used
a puair of headphones they'd be con-
tinually pressed against your ears
and you'd be working at maximum
sensitivity all the time. An un-
cxpectedly high level signal would
then. to say the least. be uncomfort-
ably if not painfully loud. The same
applies if you employed an earpiece
of the personal type which is in-
tended to lodge in the car.”

“How.” asked Dick. *"did you con-
nect up the sertes 0.024F capacitor
and 1MQ resistor ?*°

e —————
i
|
Headphone {
|
| IMn
== "
]
g |
|
Twin flex :
|
I
4

——————— | Crocodile

clip

Plastic case

Fig. 1. This simple a.f. signal tracer has a large number of
applications in radio and TV fault-finding
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Fig. 2. A basic vertical timebase oscillator and output stage,
illustrating suitable test points for audio signal tracing

“l used to usc temporary connec-
tions,” replied Smithy. “But if you
wanted to. you could put the com-
ponents in a little insulated box.
complete with a switch to short out
the 1M resistor when it wasn't
wanted.” (Fig. 1).

“Hmm,” grunted Dick, impressed
despite himself. “I should imagine
that that covers all the a.f. signal
tracer applications that headphone
can offer. What uses does it have
in TV sets 77

“Plenty,” replied Smithy. “The
first and most obvious one is, of
course, that of signal tracing
through the sound a.f. stages.
Sccondly, you can use the head-
phone to check the vertical timebase
circuits. Suppose for instance you've
got a set with no vertical scan. If
the vertical timebase consists of a
separate valve multivibrator feeding
a vertical output valve (Fig. 2) the
headphone will tell you at once
whether or not the multivib is run-
ning. Since there will be some pretty
high oscillatory voltages knocking
around, it would be necessary to
have the 1MQ resistor in series for
these tests. If you apply the test
prod to either of the multivib
anodes you'll hear a good old
raucous S0Hz buzz if the multivib
is running. You can then trace that
buzz through to the vertical output
grid, to the vertical output anode
and, finally, to the secondary of the
vertical output transformer and the
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vertical deflection coils themselves.
Don’t forget, incidentally, that
there’ll be some fairly high voltages
on the vertical output anode, so
the test prod should have good
insulation.”

“What happens,” asked Dick, “if
the vertical output valve is also part
of the multivib ?” (Fig. 3).

“In that case,” replied Smithy,
“you can still check that this
multivib is running and whether the
timebase signal is getting through
to the vertical output transformer
secondary.”

VIDEO CHECKS

“This headphone idea,” remarked
Dick, “seems to be rather better
than I thought at first. It’s almost
as though a headphone is the poor
man’s oscilloscope !”

“It's certainly useful,”” stated
Smithy, “for signal tracing when the
signals have an audible content.
Another TV application is given
when you've got no video getting
through to the tube, since you can
trace the video signal all the way
from the vision detector to the tube
cathode. The video signal has a
strong SOHz component, which is
readily audible. If you're lucky so
far as choice of headphone and your
own hearing ability is concerned,
you can even trace the line timebase
signal, although you wouldn’t, of
course, check at any e.h.t. points

Boosted
HT+
. HT+
Vertical
= output
= Liioht transformer

To vertical

deflector-

coils
——

'] AAAAA .
..’ YyYyy
TR
/e
A e
2 - S
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—

SYNC wimemed
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Fig. 3. In some television receivers, the vertical output valve also
torms half of the timebase multivibrator, as illustrated in this
simplified circuit
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such as a line output valve anode.”

“I’ve just had an idea,” broke in
Dick. “Why not add a diode to the
phone and use it as an r.f. signal
tracer as well ?”

“Why not 7’ repeated Smithy. “A
100pF series capacitor and a shunt
germanium diode such as the OA7I1
would do the trick very nicely.”
(Fig. 4(a)). “In fact you could add
these two components to the little
insulated box with the switch on it
I was talking about just now.” (Fig.
4(b)). “When the 100pF capacitor
and diode are in circuit the head-
phone unit will detect and repro-
duce any reasonably high level
amplitude-modulated signal, but I
must warn you not to expect any
significant output from the early
stages of a receiver. And, of course,
the diode won’t detect frequency-
modulated signals.”

“If you’re using this detector with
a receiver,” said Dick, “the latter
should be tuned in to a pretty
powerful signal, shouldn’t it?”

“That would help,” agreed Smithy.
“And to finalise on this headphone
business I should point out that you
want to try it out in practice on a
number of serviceable sets and
amplifiers first, so as to get the ‘feel’
of how it operates. Don’t start off
straightaway on a faulty receiver or
your unfamiliarity with the results
that are given may mislead rather
than help you. Also, you’ll get signal
levels with transistor circuits that are
different from those you get with

Smithy stopped for a moment,
and collected his thoughts.

“Oh yes,” he went on, “there’s
one more point I should mention.
Don’t use a headphone which has
exposed terminals or a metal body.
The headphone should be com-
pletely insulated. There are enough
shock hazards in our job without
adding to them !”

A.F. INJECTION

“Well,” said Dick musingly, “that
seems to clear the field so far as
inexpensive service aids for signal
tracing are concerned. Is it possible
to have low-cost gadgets which pro-
vide signal injection 77

“A simple signal injector for
audio work can be made up quite
easily and at little expense,” replied
Smithy, “and it would just consist
of an a.f. oscillator running at about
1kHz. ’'m not so keen on simple
signal injectors for radio frequencies.
I personally prefer to use a conven-
tional modulated signal generator
for r.f. work.”

“How would you make up the
audio frequency injector ?”

“A single transistor a.f. oscillator
would do the trick quite nicely,”
said Smithy. “It wouldn’t be a lab
instrument, but it would still be
very useful in practice. Also, it
could easily be carried around for
doing service jobs at home or in
other people’s houses.”
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chanced to glance at the Workshop
clock.

“Dear, oh dear,” he sighed, “I
see you've done it again.”

“Done what 7”

“Conned me into wasting valu-
able time in talking when we should
be working. How on earth do you
manage to do it ?”

Dick’s expression was Innocence
Incarnate.

“I don’t start this talking business
on purpose, Smithy,” he said re-
proachfully. “Indeed, it's rather the
other way round. 1 just don’t like
to stop you when you're holding
forth about something you’re inter-
ested in.”

Smithy directed a gaze of intense
suspicion at his assistant’s guileless

ace.

“And I certainly,” continued Dick,
applying a further layer of cajole-
ment with the effortless skill of long
practice, “wouldn’t have dreamed of
engaging in a discussion if it wasn't
for the fact that work was rather
quiet at the time being.”

Smithy looked around him. It was
true that the Workshop was tem-
porarily going through a slack
period. This had, in fact, been the
reason why he had cleared out his
bench drawer in the first place.

some constructional work at the
moment.”

«We’ll have to make an experi-
mental lash-up first,” said Smithy.
“This is because I don’t know for
certain the values I'll be requiring
in some of the components until
T’'ve tried out the oscillator circuit
in practice.”

Smithy drew his note-pad towards
him.

“T think,” he said reflectively,
“that we’ll use one of those little
Eagle LT700 transistor output trans-
formers in this oscillator, I've got a
few knocking around and one of
them would be just the job for an
oscillator like this.”

Smithy opened one of the remain-
ing drawers in his bench and ex-
tracted a small cardboard box.

“Ah, that’s good,” he remarked,
“the lead-out colour coding is given
on the box.”

He took out his pen and quickly
drew out a circuit. (Fig. 5).

“This circuit will do for starters,”
he remarked. “The: LT700 has a
centre-tapped primary and this fits
nicely into a Hartley oscillator cir-
cuit. The inductance of the winding
is tuned by C2, and we’ll have to
find a suitable value for this capaci-
tor after we've got the oscillator

S
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Fig. 5. The a.f. oscillator circuit checked out by Dick. The value
required in C2 has to be found experimentally

“Oh, 1 give up,” he snorted in
disgust. “If ever there was a past-
master in flannel you would be it,
mate. You're lucky, too. What you
don’t know is that I've been think-
ing for some time that we could do
with a home-built a.f. injector in this
place. We’ve only got one a.f. signal
generator and there have been a lot
of occasions recently when we've
both wanted to “use it at the same
time. So we’re due to have a natter
about a.f. signal injectors in any
case.”

“Perhaps we could actually knock
one up now,” put in Dick, sup-
pressing the glint of triumph in his
eyes. “I've got a real itch to do
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going. A transistor of the ACY19
class will do and, since this will
have a fairly high gain, we won’t
need too much feedback to the base.
So we’ll make Cl 0.014F, which has
a reactance of slightly more than
15kQ at 1kHz.”

“What about R1 ?”

“We’ll make that pretty high to
keep current consumption down,”
stated Smithy. “The value of 47kQ
I've shown in my sketch should be
all right, At a supply potential of
1.5 volts this will mean a base bias
of about 30uA, which should raise
the base current reasonably well
above leakage value.”

“A supply potential of 1.5 volts 7”
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repeated Dick. “Are you sure ?”

“Of course I'm sure,” retorted
Smithy, indignantly. “Blimey, I've
marked it ‘1.5 volts’ in my circuit
diagram, haven’t 1?” .

“But isn’t 1.5 volts rather low ?”

“Not at all,” returned Smithy. “If
we get an output from this effort
in excess of 1 volt peak-to-peak
that should be more than adequate.
So why waste batteries? A single
1.5 volt cell will be perfectly satis-
factory.”

Dick shrugged his shoulders.

“If you say so,” he remarked.
“Anyway, what’s the next thing
to do ?7”

“It’s for you,” said Smithy, “to
make up that little circuit in tem-
porary form on an odd bit of tag-
board or something like that. Wire
it up initially without any capacitor
in the C2 position.”

Dick found a tagboard and the
few components required, and
quickly wired up the temporary
circuit on Smithy’s bench. The Ser-
viceman leaned over, checked Dick’s
wiring for errors and gave a grunt
of satisfaction.

“Very good,” he commended.
“Right now, connect up to the 1.5
volt supply and see if this circuit
oscillates. You can check for oscilla-
tion with that single headphone I
was talking about just now. Simply
put one of its leads to the collector
of the transistor.” (Fig. 6).

“Blow me,” grumbled Dick. “This
is going to be a right mess-up, 1
can see. First of all you want this
thing to oscillate with only 1.5 volts
supply and now you want me to
monitor it by connecting just one
lead of this headphone to it
daren’t even ask you where I should
put the other lead.”

Smithy refused to pass any com-
ment, and Dick mutinously set about
connecting the oscillator to the 1.5
volt cell. He then took up the ear-
phone, held it against his ear and
suspiciously touched one of its leads
to the collector lead-out of the
ACY19. He gave a gasp of surprise.

“It’s working,” he called out. “It’s
actually working.” .

“Of course it’s working, you twit,”
snorted Smithy. “With an oscillator
circuit as simple as that, there’d be
something pretty badly wrong if it
didn’t.”

“But 1 heard it. The oscillator
tone was weak, mind you, but it
was definitely there. And T've only
got one headphone lead connected !”

“You heard that tone,” said
Smithy, “because standard 2,000
headphones are very sensitive, sur-
prisingly so in fact. The tiny bit of
stray capacitance between the head-
phone lead you didn’t connect and
the wiring in that oscillator was
sufficient for the tone to be repro-
duced in the phone. Incidentally,
this method of connecting a head-
phone represents a very useful tip
for those occasions when you want
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to check the operation of an a.f.
oscillator without loading it too
much. You simply connect one lead
of a high resistance headphone or
pair of headphones to any point in
the oscillator circuit which should
be carrying the oscillatory voltage
at fairly high voltage level. You
can nearly always hear the tone if
the oscillator is working.”

OSCILLATOR TUNING

“That’s something I'll definitely
bear in mind for the future,” said
Dick. “The frequency was pretty
high, by the way.”

“Then we’ll bring it down,” re-
plied Smithy, “by fitting a capacitor
in the C2 position. Let’s start off
with 0.02uF.”

“Righty-ho,” returned Dick. “I’ll
have one soldered into circuit in a
flash.”

Dick quickly disconnected the 1.5
volt cell and connected an 0.02uF
capacitor across the primary of the
LT700 transformer. He reconnected
the cell and listened to the ear-
phone.

“Still too high, I think.”

Smithy took the headphone from
him and listened.

“Yes,” he agreed, “it could come
down a little lower than this. Slap
another 0.024F capacitor across the
one you’ve just put in.”

Dick carried out Smithy’s instruc-
tions, and the pair listened to the
result.

“That’s better,” said Smithy. “This
particular LT700 transformer oscill-
ates at around lkHz with 0.04xF
across its primary. Now connect
that headphone across the proper
output points, so that it follows C3.”

Dick reconnected the headphone.
The sound it produced now was
clearly audible to both of them.

“The frequency,” remarked Dick
critically, “seems to be a bit lower
than it was when I had only one
headphone lead connected.”

“It probably is,” said Smithy.
“When you’re directly coupling into
an oscillator of this nature its fre-
quency will change a little with
different loads, particularly if they’re
inductive. Now let’s see what hap-
pens if we connect the output to
a 3Q speaker.”

Smithy walked to the spares cup-
board and returned with a small
speaker. He connected this to the
output of the oscillator. The tone
was just barely audible.

“Not too bad,” he remarked. “The
oscillator gives a perceptible effect
even with a load of this nature. I
shall now demonstrate a little trick
which I've kept up my sleeve. I
didn’t choose an output transformer
for this af. oscillator merely be-
cause it has a convenient primary.
I chose it because it also has a
convenient secondary.”

Smithy connected the black and
white secondary leads of the LT700
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transformer to the 32 speaker. This
now produced a strong and clearly
audible tone.

“That’s it then,” said Smithy
cheerfully. “We now have an a.f.
signal injector with a high voltage
high impedance output and a low
voltage low impedance output. So
let me next draw up its circuit in
final form.”

Smithy returned to his note-pad
and proceeded to draw up the final
circuit for the a.f. signal injector.

(Fig. 7).

=

ACYI9

Fig. 6. In many cases it is pos-
sible to check the operation of
an a.f. oscillator by applying
one lead only of a high resist-
ance headphone to a high
amplitude circuit point. Here,
the connection is made to the
ACY19 of Fig. 5

“There you are,” he said. “As
you'll see, you've got two quite
separate outputs. For valve ampli-
fiers you’ll normally use the high
voltage output, relying only on the
low voltage output for checking the
speaker itself. And for transistor
amplifiers you’ll normally use the
low voltage output all the time. For
connection into the equipment being
tested, you’ll require two lengths of
flex with plugs suitable for the out-
put sockets. The free end of one
length of flex will terminate in a
crocodile clip for clipping to the
chassis of the amplifier under test
and the free end of the other length
of flex will terminate in a test prod.”

“You've marked the low voltage
output terminals plus and minus,”
commented Dick.

“That’s right,” agreed Smithy.
“It’s necessary to insert a series
capacitance in the low voltage out-
put circuit and, because of its low
impedance, this has to be a rela-
tively high value electrolytic com-
ponent. Test connections must be
made such that the polarity marked
on the output sockets agrees with
the polarity of any voltage across
the circuit points being checked.
Also, this last voltage must not
exceed the working voltage of the
electrolytic in the injector. I've
specified a 64 volt capacitor and
indicated a maximum voltage of 60
at the terminals. This should be
adequate in practice.”

“If,” objected Dick, “you connect
the output terminals to a speaker
there won’t be any polarising volt-
age for the electrolytic.”
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Fig. 7. The final circuit of Smithy's a.f. injector has a low voltage
output in addition to the high voltage output. The amplitude of
the latter is in excess of 1 volt peak-to-peak

“True,” agreed Smithy. “But you’ll
find that an electrolytic capacitor
exhibits a low impedance even with-
out a polarising voltage at all. No
harm will result if it is operated in
such a manner for short periods,
as would occur here.”

“l wonder,” mused Dick, “how
much current this oscillator draws
from the 1.5 volt cell.”

“l can think,” remarked Srnithy
gently, “of a very easy way of
finding out.”

Taking the hint, Dick pulled
Smithy’s testmeter over and, switch-
ing it to a suitable current range,
inserted it in series with the nega-
tive supply to the oscillator.

“Blimey,” he said, “this circuit
isn’t bad at all. The oscillator’s
only drawing 0.4mA.”

“Good,” replied Smithy decisively.
“Well, that just about buttons up its
design. When you’ve cleared the
odd few sets that are still waiting
to be fixed, you could perhaps make
up that oscillator in more permanent
form, fitting the works in a neat
little plastic box or something like
that. The components won’t take up
much space.”

COMPONENT CHANGES

“Okey-doke,”” said Dick obligingly.
“I suppose this circuit could be built
up by anybody else who also wanted
a simple a.f. signal injector.”

“Oh definitely.” confirmed Smithy.
“There are several points to note.
though. It may be necessary to use
a value other than 0.04xF for C2
to get the tone desired, as there’s
bound to be some tolerance on the
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primary inductance of the trans-
former. Nevertheless, 0.04uF or
thereabouts represents a good
starting-off value. With a high-gain
transistor like the ACYI19, ClI
should be quite large enough at
0.01xF and R1 small enough at
47K$2. Low gain specimens could
require Cl to be increased or Rl
to be decreased a little, but I doubt
whether such changes in value
would be required in practice.”

With a gesture of finality, Smithy
took up Dick’s temporarily wired-
up tagboard and placed it on the
shelf at the rear of his bench.

“And that,” he remarked, ““is that.

There’s a nice little job waiting for
- you in the future.”

“Good show,” replied Dick keenly.
“For the time being, though, it
looks as if I'll have to get back to
the normal business of servicing.”

“Something along those lines,”
commented Smithy, “would seem to
be indicated.”

“T think,” said Dick, “I’ll borrow
that headphone of yours. T might
use it on a few future fault-finding
jobs to get the hang of its use.”

“Help yourself,” replied Smithy.
“Even if you only use the head-
phone occasionally, it may still
represent another weapon in your
armoury. And since the real task of
the service engineer is to locate a
fault in the quickest possible time,
any tool which helps you here, how-
ever humble it may be, represents
a true asset.”

A statement, it may be noted in
conclusion, whose accuracy is
exceeded only by the rich variety
of metaphor it contains. |
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APOLLO

COMMUNICATIONS

The recent mission to the Moon by the
spacecraft Apollo 14 brings to the fore,
as far as radio hobbyists are con-
cerned, an interest in the methods by
which communications were main-
tained with Mother Earth. In this short
article, we present some information
communications
adopted by the Apollo space pro-

on the

gramme

HEN YOU WEIGH 30 POUNDS
W and you are standing on the

surface of the moon, aiming
a 2.5 pound S-band antenna for
transmission of real live television,
voice and telemetry data at the
earth is not the easiest task.

That is why engineers at RCA’s
Defence Electronic Products in
Moorestown, New Jersey, U.S.A.,
under contract to Grumman Air-
craft Engineering Corp., decided
on a length of flexible shaft coupled
to the cranking mechanism which
adjusts the antenna in azimuth and
elevation.

The reason for choosing a flexible
shaft instead of direct gearing was
simple: it completely isolates any
motion of the astronaut from the
antenna, and reduces the time re-
quired to bring it into precise align-
ment with the direct communica-
tions path.

Time is important. In fact, the
antenna was designed to be a very
small package, carried outboard of
the Lunar Module, but capable of
automatically opening to a para-
boloid, 10 feet in diameter, within
about 20 seconds. Allowing for
erection of the tnpod and fine-
pointing the big dish via a built-in
telescope, the total elapsed time
should be no more than 20 minutes.

A type [150L65 flexible shaft,
made of stainless steel, was engin-
eered specifically by S.S. White
Division of Pennwalt Corporation,
New York City, for this application.

Capable of a minimum torsional
breaking load of 22 in.-lb. in either
direction, this control shaft is 0.15in.
in diameter and close to 15in. long.
After special stainless steel fittings
have been secured to both ends, the
assemnbly was shipped to RCA
where it was covered with a special
housing. One fitting was inserted
into the “gear-shift” inside the
antenna, the other end connected to
a lightweight crank.
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systems

By pushing the control shaft fuily
into position, the elevation gear is
engaged. If the astronaut wishes to
turn the antenna about a vertical
axis, a pull on the shaft engages
the azimuth gear. Cranking the
remote control flexible shaft will
adjust the antenna through 360
degrees in azimuth, or down as far
as 90 degrees from the vertical. The
importance of precision alignment,
and the need to prevent jogging
the antenna unnecessarily, is under-
scored by the fact that, seen from
the moon, mother earth subtends
an arc of only some two degrees.

Most readers will know that some
radio frequencies, those commonly
termed the ‘popular bands’, are
unable to leave the Earth and the
immediate environment, being re-
fracted by the ionospheric layers
and turned back towards us — hence
the world-wide contacts that are
made on frequencies up to 30MHz.

Radio waves are grouped accord-
ing to their oscillation count, those
up to 30 million cycles per second
being bounced back from the ion-
ised layers surrounding the planet
Earth.

VHF (very high frequencies)
and UHF (ultra-high frequencies)
however are endowed with the
property of breaking through these
layers and thereby reaching far into
outer space. VHF and UHF waves
travel 1n a straight line and will
only bounce back when a solid ob-
stacle is encountered. It is these
frequencies which have made space
communications possible.

www.americanradiohistorv.com

SPUTNIK I

In the early days of artificial
satellites orbiting the Earth (1950’s)
signals from Sputnik I could be re-
cetved on 20MHz. The writer re-
calls hearing the faint ‘bleep-bleep’
signals soon after launch as the
satellite came over the rim of the
Earth, rose to maximum signal
strength and then gradually faded
out into the noise level as the ve-
hicle curved round behind the
globe.

The telecommunications system
of the Sputnik did make some use
of the VHF bands.

Since that early peried of space
communications, UHF (microwaves)
have proved to be indispensable
and from that time until rockets
were launched to the Moon, Mars
and Venus, and to date, communi-
cations are based entirely on UHF.
Microwaves are also used for guid-
ing and tracking space vehicles for
millions of miles into outer space.

APOLLO MOONSHOTS

TV transmissions from outer
space are almost taken for granted
these days and millions of viewers
all over the world watch pictures
from the Moon almost as a matter*
of course. The Apollo moonshots,
from which the most memorable
TV pictures have been received, are
manned missions and it is this type
of dramatic space flight which cap-
tures the public interest.
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Under the simulated conditions shown here, the Apollo antenna
is erected and aimed, with the aid of an alignment telescope,
at the Earth all within the allotted 20 minutes period

The communication systems of
the Apollo spaceships establishing
two-way contacts between the space-
craft and the Earth control centre
for transmitting speech and a large
amount of data, requires three radio
wavebands - shortwave, VHF and
UHF.

The spacecraft itself consists of
three units, the command, lunar and
service modules. The first two
modules contain the actual radio
communications equipment provid-
ing VHF contact on 259.7 and on
296.8MHz with amplitude modula-
tion. The UHF (microwave) equip-
ment is used for contacts both
within the space craft itself and to
Earth, both transmission and recep-
tion taking place in what is termed
the S Band where space noise is at
a minimum. The particular fre-
quency used is 2.2GHz (gigahertz).
After blast-off, contact between
Apollo and the Earth is maintained
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on VHF during the period in which
the craft is orbiting the Earth.
When the space craft leaves this
orbit, contact is switched from VHF
to the 2.2GHz frequency in the
microwave bands. This is the band
used when Apollo is heading to-
wards the Moon target.

The equipment operating in the S
Band includes one on 2287.5MHz
used by the command module for
speech and information on the
course of the craft, another oper-
ating on 2273.5MHz transmitting
TV pictures or data whilst a third
uses the 2106.4MHz channel for
speech and exchange of data be-
tween the space craft and Earth.

Further microwave equipment is
fitted in the lunar module. Consist-
ing of two transceivers, one is used
for transmitting speech, TV pictures
or data on 2282.5MHz and the
other used to transmit speech or
data on 2101.8MHz. This latter
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module also includes a VHF station
operating on 243MHz as a signal
transmitter used during the return
flight to Earth. Another transceiver
used on the return path operates on
10,006MHz.

All this equipment and the fre-
quencies used make it possible for
the Earth control centre to follow
the space craft with a relatively
simple narrow-space aerial system.

The power outputs of all the
transmitters fitted to the Apollo ve-
hicles are quite small, that of the
microwave transmitters being 2.8
and 11.2 watts.

A sound frequency system is used
within the craft enabling the crew
to communicate with each other,
the conversations being transmitted
to Earth by the microwave trans-
mitter. When the craft is behind
the Moon, contact with the Earth is
cut off, the speech then being re-
corded on tape.

THE RADIO CONSTRUCTOR
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Raid
opics

By Recorder

~ OST READERS WHO INTENDED
Mto see the film ‘Battle of

Britain’ will have done so by
now. Despite its realism, it didn’t
quite evoke in me the nostalgia 1
had anticipated. Nevertheless, it
was a good film and it was a
pleasure to find that it didn’t con-
tain any of the sequences which
nowadays keep families away from
the cinema.

EARLIER DAYS

Looking back, it seems almost
incredible to remember the ante-
deluvian nature of the radio equip-
ment which was fitted in those early
wartime aircraft. Obviously, valves
were the order of the day, but it
is a bit shattering to realise that
these were mainly 2-volt filament

types powered by a lead-acid
accumulator and a 120-volt h.t.
battery.

The R/T set in actual Battle of
Britain Spitfires would very prob-
ably have been the TRY h.f. trans-
mitter-receiver. The transmitter sec-
tion of the TRY had a small Pierce
crystal oscillator feeding an a.f. out-
put pentode which functioned as
power amplifier. The receiver had
two screen-grid r.f. amplifiers feed-
ing into a leaky-grid triode detector,
this being followed by the alf.
stages. It was an out-and-out straight
set, with no pretensions at superhet
operation or the incorporation of
&f.c. whatsoever. Sensitivity and
selectivity were souped up a bit by
a regeneration control which con-
sisted of a very low value variable
capacitor whose plates could be
brought closer together or moved
further away by a threaded spindle
mechanically coupled to one of
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them. This capacitor simply con-
nected between the anode of one
r.f. screen-grid valve and the anode
of the other whereupon, if advanced
too far, it enabled oscillation to
occur in the tuned-anode tuned-
grid mode. After tuning up the
receiver, the drill was to bring the
two plates of the capacitor together
until the set howled, then turn the
knob on the threaded spindle back
by three revolutions. Remote fine
control of receiver tuning was
achieved by a fearsome Bowden
cable installation. The pilot moved
a lever backwards or forwards, and
this, by way of the Bowden cable,
rotated a ganged tuning capacitor
in the receiver which had a much
lower capacitance than the indi-
vidual tuning capacitors in each
stage.

Bombers had an additional W/T
set, this consisting of the R1082
receiver and the TI1083 transmitter.
The R1082 receiver was another

straight set with 2-volt filament
valves, and it had one rf. stage
which again wused a screen-grid

valve. It had plug-in coils, which
were stowed in a coil-box situated
nearby, and tuning was carried out
by two separate variable capacitors,
each fitted with a Muirhead slow-
motion drive. Regeneration control
with this receiver was very smooth
indeed. In fact, an ‘oscillation test
point’ appeared on the front of the
panel to enable the operator to find
whether or not he had passed into
oscillation. The oscillation test point
consisted of a little metal stud
coupled by a low-value capacitor
to the anode of the triode leaky-
grid detector. If the operator moist-
ened his finger and touched the test
point he would hear a click if re-
action had gone into oscillation and
no click if it hadn’t.

The accompanying transmitter,
the TI1083, had two large 6-volt
triodes (with filaments run from
three 2-volt lead-acid accumulators),
one acting as master oscillator and
the other as power amplifier. This
had four pairs of plug-in coil units,
each unit having a few additional
components to suit the particular
range covered.

Later on, the RI1082 and TI1083
were superseded by the R1155 and
T1154 which are nowadays, of
course, familiar items of surplus
equipment. And the TR9 gave way
to the TR1133, which was followed
by the TRI1143 and the American
TRS5043 (the last-named nowadays
being famous amongst hams as a
source of modulation transformers),
all of which operated on v.h.f.

Well, that’s enough looking back
for the moment, although brief
mention should be made of the
T1087 ground station h.f. trans-
mitter. This, an outsize construction
with a power supply section remin-
iscent of Battersea, had so many
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relays clattering away inside it when
it was on the air that it was affec-
tionately known as the ‘animated
meat safe’.

REVERSE ROLES

Some time ago I mentioned in
these notes that, if you require a
high wattage resistor in a hurry,
you can sometimes make do tem-
porarily with a mains soldering iron.
Naturally this requires to have the
value of resistance needed, but in
practice soldering irons tend to have

The Birch-Stolec suppressor
illustrated herewith is one of a
range specially designed to
meet the requirements of the

latest technological develop-
ments covering thyristor and
triac suppression and equip-
ment used in computers, data
logging instruments and com-
munications. The suppressors
combine three facilities, the
elimination of discrete induc-
tors and capacitors, the ab-
sorption of unwanted inter-
ference power and the use of
suppressor rather than filter

techniques. Available from

Birch-Stolec Ltd., Ponswood

Industrial Estate, Hastings,
Sussex
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resistance values which are of the
same order as are needed for high
wattage resistors anyway. Thus, a
240 volt 50 watt iron has a resist-
ance of 1,1509, a 240 volt 30 watt
iron has a resistance of 1,920Q and
a 240 volt 15 watt iron has a resist-
ance of 3,840Q. An advantage of
using a mains soldering iron as a
temporary resistor is that its resist-
ance remains virtually constant even
when it warms up. And, of course,
no guess-work is required so far as
its wattage rating is concerned !
It has since occurred to me that
quite a few other bits and pieces
can be used for applications differ-
ing from those for which they were
originally designed. I recently, for
instance, employed a crystal micro-
phone as a crystal earphone, which
I didn’t happen to have on hand
at the time. I wanted a reproducer
with a very high impedance as a
monitor in an experimental home-
built capacitance measuring instru-
ment I was just checking out, and
in which the unknown capacitor was
connected across a tuned circuit in
an oscillator. A second tuned circuit
in another oscillator was then tuned
to zero-beat with the first (by way
of a detector common to both) and
the value of the unknown capacitor
was read from the scale of the
variable capacitor in this second
tuned circuit. The crystal micro-
phone reproduced the heterodyne
and indicated the zero-beat very
nicely. T must hasten to add that
signal amplitude was very low and
that it would be extremely naughty,
to say the least, to feed a high
amplitude signal to a crystal micro-
phone. My own microphone did not
appear to have suffered as a result
of its reversed role, but I can’t
guarantee that others might not be
damaged. So, if you use a crystal
microphone for low-level reproduc-
tion, you do so at your own risk !
There is no risk involved in an-
other fairly unusual application,
that of employing a single 2,000
headphone as a microphone. These
headphones work surprisingly well
as microphones, and the quality
they offer is certainly more than
good enough for intelligible speech.
The output voltage level is of the
same order as that from a moving-
coil microphone with a step-up
transformer. The headphone con-
nects straight into any high imped-
ance a.f. amplifier input.
Incidentally, headphone coil and
magnet assemblies, removed from
the headphone, makeé excellent pick-
ups for electric guitars. The type
to use here are those in which a
very short magnet appears between
the two coil cores so that the iron
path in the assembly takes up the
form of the letter U. The spacing
between the two open ends of the
coil cores is usually just right to
enable them to be positioned under
an adjacent pair of the steel strings
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of the guitar. A number of coil and
magnet assemblies are required to
accommodate all the strings of the
guitar, and they are all connected
in series. The coils can then be
connected to a high impedance a.f.
amplifier input. ’

Finally, if you want a ‘relay’
without moving parts, why not pop
an m.e.s. pilot lamp and an ORP12
photoconductive cell inside a
matchbox ? When the pilot lamp is
illuminated the resistance of the
ORP12 will drop from about 1MQ
or so to 300Q or less. The match-
box is adequate to keep extraneous
light away from the cell, provided
that it is not positioned in strong
sunlight or bright artificial lighting.
The maximum voltage which should
be allowed to appear across the
cell is 110 volts, and its maximum
dissipation at or below 40°C is
200mwW.

- e 2
i ?ﬁ‘"" -
SRR :

A three-stage cascade image
intensifier tube, type 9794,
has been added to the exten-
sive range of tubes produced
by the Electron Tube Division
of EMI Electronics Ltd., Hayes,
Middlesex.

The 9794 magnetically-focused
tube has a typical gain of
2.105 and is designed to suit
many applications, particularly
those in astronomy, analytical
spectrophotometry, medicine
and nuclear physics. The main
features of the 9794 include
a low level of image distortion
and a limiting resolution
greater than 50 line pairs
per mm which is substantially
maintained over the tube's

48 mm diameter -
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LOG RESPONSE

‘Why,” asked an enquiring nephew,
who is just advancing to the stage
where he’ll be making his first
radio, ‘do a.f. volume controls need
to have log tracks 7’

This is an oldie, of course, but
I set about giving an answer along
the usual lines. I explained that the
human response to loudness follows
a logarithmic pattern. If an increase
in signal voltage in an a.f. amplifier
causes the impression of a certain
increase in loudness, to get success-
ive impressions of the same increase
in loudness the increases in signal
voltage have to follow a geometric
series, such as 1, 2, 4, 8, 16 and
so on. This is catered for by a
log volume control, in which the
changes in resistance as the slider
is rotated at the low volume end
of the track are small and the
changes in resistance as the slider
is rotated at the high volume end
of the track are large.

I can’t say that my nephew was
particularly impressed by all this,
and I must confess that I was
getting into rather deep water my-
self. As we were in my work-room
at the time I decided to give him
a demonstration of what happens
when a linear potentiometer is used
as a volume control. I quickly
hitched up a circuit in which a
500k linear potentiometer was con-
nected, in volume control fashion,
between a mono record-player pick-
up and the input of an af.
amplifier.

That circuit did the job perfectly.
As my nephew adjusted the linear
potentiometer he found that control
was ‘fierce’ at the low volume end,
with only a small degree of rotation
being required to effect a large
change in sound output level from
the amplifier. At the same time,
quite large amounts of rotation at
the high volume end had very little
effect on the perceptible level of
output.

My nephew was satisfied with this
demonstration, and is now con-
vinced of the desirability of using
log tracks in a.f. volume controls.
He also knows from first-hand ex-
perience that the human response
to sound intensity really is logarith-
mic in character. I must admit that
my own reaction was one of relief.
I hadn’t expected that the demon-
stration would be half as effective
as it turned out to be!

HOBBY CIRCUITS MANUAL

LST are pleased to announce that
they now have stocks of the new
HM.91 Hobby Circuits Manual, and
have a full substitution list avail-
able to supply with the handbook
giving equivalents to every semi-
conductor device used.

This substitution chart can be
supplied on its own, but a stamped
addressed envelope would be appre-
ciated.

THE RADIO CONSTRUCTOR
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LATE NEWS

Times = GMT

* AMATEUR BANDS

@ PARAGUAY

Zone 11 can be logged in the form of ZP5CS.
currently quite active on the 14MHz band using CW.
Last heard on 14030 at 2012.

® GRENADA
VP2GLE has been heard several times of late
using the CW mode on, or around, 14020 at 2100.

® MOZAMBIQUE

CR7AM is currently very active on 14MHz CW
and usually is to be found around the 14045 mark
at 2030 or so.

@® ST. HELENA

Prize catch of late is that of ZD7SD using SSB
on 14195 at 1713 working G’s and bravely continu-
ing throughout the evening despite the ‘pile-ups’
around the channel. QTH P.O. Box 16, St. Helena.
® FALKLAND ISLANDS

Another station working G’s despite the QRM was
VP8HZ on 14200 at 2045, using SSB.
@® INDIA

Currently active from this country is VU2BEZ.
heard using the SSB mode at 1830 on 14180.
@ HONDURAS

HR2WTA is often to be heard on the 14MHz
band using SSB. A favourite ‘spot’ is 14210, listen
around 2215.
@ CHILE

For those who need Zone 12, listen on 14180
around 2215 for the SSB signals of CESDF.

Frequencies = kHz

* BROADCAST BANDS

@ ABU DHABI

A station logged several times during the past few
weeks, with programmes in Arabic, on a measured
frequency of 4988 around 1900 or so, has now been
identified as the Abu Dhabi Broadcasting Service.
Further details of this newcomer to the Short Wave
scene are awaited.

@ REPUBLIC OF CONGO

A new outlet of ‘La Voix de la Revolution Congo-
laise" is that of 3264 where it has been heard several
times from 1830 to 2130. The transmitter would
appear to have a power of around 100kW. The 4kW
3232 channel is still operating.

@® CLANDESTINE

‘The Voice of the Free South’, thought to be
operating from Saudi Arabia, has been reported by
the British Association of Dx'’ers on 5345 from
around 1740 to close down at 1931. In their journal
‘Bandspread’ (No 10) the BADX provide the informa-
tion that this station also uses 8405 in parallel, this
latter channel providing better reception. Identifica-
tion in Arabic is ‘Sawt al Janub al-Hurr'.
® GAMBIA

The British Association of Dxer's also report re-
ception of Radio Gambia on 4820 (3kW). Heard
intermittently from about 2000 to 2300 sign-off under
Angola on the same channel.
® GREENLAND

According to the BADX, Greenland Radio may be
heard around 2150 till 2230 on 9575. Celeste interval
signal at 2158, identification and news in Danish at
2200.

Acknowledgements:— BADX, Qur Listening Post. #

MORE AMATEUR
BAND NEWS

For 14MHz SSB addicts, the fol-
lowing will be of interest. Heard at
2205 on 14140 8R1U in QSO with
ET3DS. CR6GA is active around
14170 at 1930.

9GIDY heard at 1930 on 14184
giving his QTH as POB 2949
Accra.

ZP5EC logged at 2145 on 14174;
SZ4KL at 2140 on 14186; CR4BC
at 1940 on 14195 and TA3GB at
2130 on 14180.

CR3KD heard on 14270 SSB at
1620, on 14300 at 1900, on 21194
at 1541 and on 21361 at 1940.

CW enthusiasts may care to take
a note of these stations. HK7XI at
2120 on 14040; CE8CF at 2127 on
14084; CX9BT at 2120 on 14016:
EL2BZ at 2150 on 14052; KV4CK
at 2155 on 14025; PJ2HT at 2200

on 14010; HPOKRT at 2000 on
14080 and TU2CX at 1916 on
14050.

JUNE 1971

LAST L&AK ROUND

The 1971 edition of How to Listen to the World is available from
the Modern Book Company, 19 Praed Street. London, W.2, at-£1.30
post paid.

This latest edition is of 168 pages and contains a wealth of informa-
tion for all those who are interested in operating over the short wave
broadcast bands. In all, a total of thirty-six chapters are contained
within the covers, the whole presenting a worth-while addition to
the bookshelves.

The majority of the chapters deal with the broadcast scene. the
remainder providing information on TV and FM reception.

Apart from hints on short wave broadcast reception. there are
technical articles of specific interest to short wave listeners. Every
chapter is written by an acknowledged expert and the book is
recommended to all short wave enthusiasts.

‘TRIO’ MODIFICATIONS
With reference to our note in the May issue, we have now located
a limited supply of the October 1970 issue containing the original
modifications. Copies available at 22p each, post paid.
701
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FOR THE S.W.L. . . .
Simple Shori-Wave Receivers

% FOUR BASIC DESIGNS

1, 2 and 3 Valves. In total, six design variations are
¢ described, all have been thoroughly air-tested.
Fifteen photographs and thirty-nine working dia-
grams illustrate the construction of the ‘Saxon’,
‘Voyager’, ‘Explorer’ and ‘Sentinel’ receivers.

% INTRODUCTION TO SHORT WAVE
LISTENING

Radio Wave Propagation Conditions; Aerial and
Earth Systems; Broadcast Bands Operating; Identi-
fying Broadcast Stations; Using a Tape Recorder;
Reception Reports (Broadcast); Reporting Codes
(Broadcast); Specialising; Amateur Band Operating;
Reception Reports (Amateur); Reporting Codes
(Amateur); CW or Phone?; Clubs and Societies;
Receiver Calibration; Operating a Short Wave Re-
ceiver; Addresses. Six Tables, two photographs and
ten diagrams,

by F. A. Baldwin

v WORKSHOP PRACTICE

Tools Required; Connections to Valveholders; Rubber and PVC Grommets; Drilling
Panels and Chassis; Test Equipment for Receivers; Resistor Colour Codes; Circuit
Symbols. Five diagrams, Resistor Colour Code Table.

‘% SOLDERING NOTES )
Three pages of advice and instruction on this important subject. Two diagrams.

% GENERAL PURPOSE POWER SUPPLY
May be used as a bench supply or for use with two of the basic receiver designs. Two
photographs, four working diagrams, Test Table.

If you are interested in the hobby of receiver construction and short wave listening this
is the book for you. It covers the whole field of s.w.I'ing from construction to operating —
both Broadcast andAmateur bands. It explains how the circuits work, how to assemble the
parts, how to wire-up the circuits with point-to-point wiring diagrams, step-by-step instructions
and how to test and operate the completed projects.

FOR ONLY

80p

140 Pages (5% x 8%in.) Postage 6p

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 1SN

Please Supply.......mmmrsmorsen copy(ies) of ‘Simple Short Wave Receivers’, Data Book No. 19
I enclose cheque/crossed postal order for

INAME ... osrnctnsrmmassisssomststosses s s st e e e e

ADDRESS

BLOCK LETTERS PLEASE

702 THE RADIO CONSTRUCTOR
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SMALL ADVERTISEMENTS

Rate: 4p (9d.) per word Minimum charge 60p (12/-)
Box No. 10p (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, W9 1SN

SERVICE SHEETS (1925-1970) for Radios, Televisions,
Transistors, Tape Recorders, Record Players, etc,
with fault finding guide. Over 8,000 models available.
S.A.E. list/enquiries. Hamilton Radio, 54 London
Road, Bexhill, Sussex.

CONSTRUCTORS USED COMPONENTS. Parcels
at 50p each, including postage, 50 assorted resistors.
50 assorted capacitors. 10 electrolytic capacitors. 10
assorted knobs. 5 assorted potentiometers. 20 assorted
valve bases. Please state which parcel required. Broad-
cast type twin gang variable capacitors at 18p each.
Speakers at 50p each. 7 inch, § inch, 5% x 3% inch
elliptical. P. & P. 18p. Box No. Gl142.

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

ADI161/AD162 POWER PAIRS, matched for Mullard
amplifier circuits. Mint, 60p pair, UK. post 5p.
S.A.E. list. Amatronix Ltd., 396 Selsdon Road, South
Croydon, Surrey, CR2 ODE.

FOR SALE: Txing type variable capacitor, 50-110pF,
1in. spacing €1. Tannoy P.A. Mic, £1.50. 1.5 - 3MHz
Command receiver, £2. Motor generator, 12V 4A in.
400V .05A out. £1.50. Type 3 T/P ink rollers, 25p
bottle. 200ft. Super-8 cine reels, 25p. Box No. G144.

NEW CATALOGUE NO. 18, containing credit vouchers
value 50p, now available. Manufacturers new and
surplus electronic and mechanical components, price
23p post free. Arthur Sallis Radio Control Ltd., 28
Gardner Street, Brighton, Sussex.

FOR SALE: /nternational Encyclopedia of Stamps,
Published by IPC Magazines Ltd. Vol. 1, parts 1 to
14. Vol. 2, parts 1 to 13. Cover price 23p each part.
Will sell at £2 per volume. Box. No. G149,

TOP 20 TV VALVES, 10p. PL504, PL36, PY33, 15p.
P. & P. 4p per valve, over 12 valves post free. Guaran-
teed tested, ex-equipment, individually boxed. Resis-
tors and capacitors all values and sizes. Leadin
manufacturers components and hi-fi equipment 107%
or more off. 13 amp plugs 12p. Mains fuses 20p for
10. Tools, etc. P. & P. extra on all items. Trade en-
‘quiries welcomed, discount for quantity. S.A.E. for
list. L. & D. Components Ltd., 71 Westbury Avenue.
Wood Green, London N.22. Telephone: 01-888 2701.

TO CLEAR: Life World Library and Life Sunday
Times World Library. All at 50p post paid. South-
Grece, Mexico, Russia, Italy, Britain, Japan, Brazil.
France, India & Germany. Box No. G150.

PRINTED CIRCUITS. Capacity now available for pro-
totypes or production runs. Artworks, Photographics.
Etched Boards, and Assembly. Fast turn round. Send
S.A.E. for quotations. Also copper laminated fibre-
glass board single sided 14p per square inch, double
sided 2p per square inch, any size cut. Minimum
order 50p. P. & P. plus 10%. Systematics, 18 Pennine
Road, Millbrook, Southampton, Hants.

BARGAINS. P.S. Units, radio test gear. etc. S.AE. lists.
Don Smith, 12 Channel Heights, Bleadon, Weston-
Super-Mare, Somerset. Telephone: Bleadon 672.

(Continued on page 705)
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BENTLEY AGOUSTIC GORPORATION LTD.

38 Chalcot Road, Chalk Farm, The Oid Police Station
LONDON, N.W.I. Gloucester Road
01-722-9090 LITTLEHAMPTON, Sussex

Please forward all mail orders to Littlehampton PHONE 6743
574G .35|ECC81  .17/KTWs2 .63|PX25 1.16/A€113  .26|BY100 .18
6ATE .20|ECC82 .20\ KT66 .82 PY32/33 .50|AC127 17(BY101 .18
6/30L3  .57|EOC83 .23|KT81 2 00/PY81 .23|AC128  .20(BY108 .18
6BR7 .79|ECC84  .30{|KT88 1.70|pY83  .23}AC154 .25|BY114 .18
6BW6  .72]/ECC85  .27|PC88 .49|PY83  .27(AC156  .20(BY128 .15
6BW7  57|ECC86  .40|PC88 -49|PY88  .33|AC157 .26|BY127 .18
6F14 .44/ECC88  .35|PC95 .63|PY500 1.08)AD140 .36|BYZ10 .36
6F23 .70|ECC189  .48|PCo7 .39|PYR00  335|AD149 .50|BYZ11 .28
6F28 .70|ECF80  .28/PC9%00  .35/PY801 .34|AD161 .45{BYZ13 .28
6L6GT .39|ECF82 .28(pPCC84 .31/QQVO3/ AD162 .43(BYZ18 .28
9D7 .78|ECF86 .65|PCC86 .28 10  1.20/AF114  .25|0A70 BT
10¢1  1.25|ECH42 .62{PCC88 .44|R18 .31|AF118  ,15|0A79 .09
10F18  .33|ECH81 .28/PCC89  .46|U18/20 .75|AF119 .23|0A81 .00
1246 .63|ECH83  .40|PCC188% .49|U1B 1.73|AF121  .30{0A90 .13
30C15  .62|ECHS84 .36|PCF80 .29(U325 .65/AF126 .18{0A91 .00
30C17 79|ECL80  .33]PCF82 .31|U28 .59|AF138  .65/0A95 .09
30C18  .63[ECLS2 .31|PCF84  .40|U191 .60|AF180  .48{0A200 .08
30F5 .72|ECL83  .52|PCF86  .45(U301 -61(A¥188 .55/0A202 .10
30FL1  .62|ECL86 .37|PCF200 .67 U891 .95|AF239  .38|0028 .38
30FL2  .76|EF22 .83|PCF801 .32|UABC80 .30|BA102 .45/0C24 -88
30FL14 .70|EF41 .50|PCF802 .44|UBC81 .40|BA116  .14|0C25 .38
30L15  .60|EF80 .23|PCF806 .59|UBKF80 .29|BA116 .25]0C24 .24
30L17  .71|EF85 .28/PCH300 .62|UBF88 .31(BAl28 .13|0C28 .60
30P4/19 .60|EF86 3LHPCL82  .33|UCH2 .35|BA130  .10/0C3s .58
30P4MR .98|EF89 .24/PCL83  .80|UCC84  .34|BC107 13(0C38 .43
30P12  .69|RF9L .17§PCL84  .35]/UCC85  .35[BC108 13{0Cs8 48
30PL1  .6l/EF183 .27(PCL80S/ UCF80 .35/BC113  .25(0C44 .18
30PL13 .78|EF184 .30| 85 .42|UCH21 .60|BC118  .23|0C45 .11
DY86/7 .26/EH90  .38|PCL8A .40(UCH42 .61|BCY10 .45/0C46 18
DY802 .48|EL34 .46/PKN46  ,35|/UCH81 .31|BCY12 .50 0 18
ES8CC  .60|EL41 .54|PEN45DD _ |UCL82 .34/BCY33  .20|0C71 .11
EABCS0 .31|EL84 .28 .75|UCL83  .49|BCY34 .23(0C72 1
EAF42  .49|EL96 .85/ PFL200 .054|UF41 .50|BCY38 .23|0CT4 .28
EBi4 .20|EM80  .38|PL36 .47|UF80 .35|BCY38 0C?5 1
EBS1 .L1|[EM81  .40|PL81 48| UF85 .34|BCZ11  .38]/0C78 25
EBC4l  .48|EMB4  .32|PL83 .31|UF88 .63/BD119  .45/0CT8D .15
EBC81  .33|BM87  .36|/PL83 .33|UF89 .40|BFY50 .23/0C81 11
EBF80 .32|EY51 .35|PL84 .31]UL41 .59|BFY51 .19/0C81D .11
EBF83  .40|EY86/7 .31|PL500  .64|UL84 .32|BFYb52 0|0083 11
EBF89  .30{EZ40 .40[PL504  .84)UMB0  .33|BF158  .25/0088 20
ECo2 .35\ EZ80 .22|PL508 1.16/UY41  .38(BF163  .20/0C84 .24
ECC32 1.58{EZ81 .23|PL509 1.44|UYSS  .27|BF173 .38]0C128 .28
Eccss 1 38/lHVR2  .53lpX4  1.16/AA118  .15|BFi80  .30locis® .38

All goods are unused &nd boxed, and subject to the standard 80-day guarantee. Terms
of businesa: Cash or cheque with order only. No C.0.D. orders accepted. Post/packing
charge (.03 per item, subject to a minimum of 0.09. Orders over 5.00 post fres. Al
orders despatched same day by first claas mail.Complete catalogue witk conditions ef
sale 0.07 poat paid. Anyparcel insured against damage in transit for only 0.08 extre
per order. Business hours 9 a.m.-5.30 p.m. Sats. 9 a.m -1 p.m. Littlehampton closed
Bats. No enquiries answered unless 8.A.E. enclossd for reply.

F R E E T0 AMBITIOUS ENGINEERS

THE LATEST EDITION OF EMGIMEERING OFroxTewaTins

SEND FOR YOUR FREE COPY TO-DAY
ENGINEERING OPPORTUNITIES is a highly informative 74 page
guide to the best paid engineering posts. It tells you how you can
quickly prepare at home ?or a recognised engineering qualification
and outlines 2 wonderful range of modern Home Study Courses In
all branches of Engineering. This unique book also gives full details
of the Practical Radio & Electronics Courses administered by our
Specialist Electronics Training Division — explains the benefits of our
free Appointments and Advisory service and shows you how te
qualify for five years promotion in one year.
‘SATISFACTION OR REFUND OF FEE’ TERMS

e give a written agreement that if after completing one of our
courses, you do not pass your examination or are dissatisfied In any
other way, we will refund your complete fee.
PRACTICAL EQUIPMENT INCLUDING TOOLS
The specialist Electronics Division of B.L.E.T. NOW offers you a
real laboratory training at home with all the practical equipment
xou need, plus Basic Practice and Thecretical Courses for beginners In
adio, TV, Electronics, etc.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

Dept. (480D) Aldermaston Court, Reading RGY 4PF

=— = SEND OFF THIS COUPON TO-DAY! -— =

Tick subjects that interest you:

AMSE (Elec) (0 City & Guilds Certificate {] RTEB Certificate [] l
Radio Amateurs’ Exam {] DMG Certificate [J Colour TV [J |
Electronic Engineering [J Computer Electronics [] Radio and TV
Servicing [J Practical Electronics [] Practical TV & Radio OJ I
Please send booklets & full information without cost or obligation. l

NAME AGE |
Cre 8 | ADDRESS |
........................................................................................... |
é I
BIET Joccurarion !

To: BIET Dept. 480D, Aldermaston Court, Reading RG7Y 4PF
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Dimmerswitch

Will dim up to 400 watts of incandescent
lighting from zero to full brilliance. This
unit simply replaces the normal light
switch, and is fitted in a matter of minutes.
An MK mounting frame is supplied, for
use when more depth is required.

, Complete Kit: £2.85 (57/-) .
PRIGE: it s tested: £3.35 §67/-;

Diathane Ltd.

111 Sheffield Road, Wymondham
NORFOLK
£0.10 Postage & Packing

RSGB BOOKS FOR YOU

VHF-UHF MANUAL
By G. R. Jessop, C.Eng., M.I.E.R.E., G6JP

2nd edition. Considerably enlarged and revised

Transmitters, receivers and test equipment for use
at vhf and uhf are all fully covered on a practical
basis in this new edition £1.80 post paid

RADIO COMMUNICATION
HANDBOOK

832 pages of everything in the science of radio
communication. The Handbook’s U.K. origin en
sures easy availability of components. Complete
coverage of the technical & constructional fields
A superb hard-bound volume £3.50 post paid

AMATEUR RADIO TECHNIQUES
By Pat Hawker, G3VA

Now in its third edition. A source of many useful
circuits and aerials incorporating the latest ama-
teur techniques. Contains 208 pages and nearly
500 diagrams £1.13 post paid

These are three of a complete range of technical

publications, log books and maps, all obtainable
from:

RADIO SOCIETY OF GREAT BRITAIN
35 DOUGHTY STREET, LONDON, WC1N 2AE

RADIO
OPERATORS

Do you Hold
PMG IT OR PMG1 OR
New General Certificate

OR had Two Years’ Radio

—ﬁperating Experience?

LOOKING FOR A
SECURE JOB
WITH GOOD PAY
AND CONDITIONS?

Then apply for a post with the
Composite Signals Organisation-these
are Civil Service posts, with oppor-
tunities for service abroad, and of
beéoming established i.e. Non-Contri-
butory Pension Scheme.

Specialist Training Courses (Free
accommodation) starting January,

April and September 1972.

If you are British born and resident
in the United Kingdom write NOW
for full details and application form
from:

Recruitment Officer

Government Communications
Headquarters,

Oakley,

Priors Road,

CHELTENHAM,

Glos., GL52 5AJ.
Tel: Cheltenham 21491. Ext, 2270.
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SMALL ADVERTISEMENTS

(Continued from page 703)

RECORD TV SOUND using our loudspeaker isolating
transformer. Provides safe connection to recorder.
Instructions included. 70p plus 10p P. & P. Crow-
borough Electronics (R.C.), Eridge Road, Crow-
borough, Sussex.

JOIN THE INTERNATIONAL S.W. LEAGUE. Free
services to members including Q.S.L. Bureau, Ama-
teur and Broadcast Translation, Technical and Identi-
fication 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 Leaguc
particulars. Membership including monthly magazines,
etc., £1.75 per annum. Secretary ISWL, 1 Grove Road,
Lydney, Glos.,, GL15 SJE.

FOR SALE: Specialist stamp collection. Space, Rail-
way Centenary, ITU, IGY, etc. issues. Catalogue
value approx. £150. Offers? S.A.E. for details. Another

collection of early Space issues £25 o.n.o. Small
general collection at £5, Box No. G151.
SERVICE OSCILLOSCOPE. Heathkit OS-2, perfect

working order. Not a scratch. Only nine months old.
£28. Telephone: 01-237-3704.

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

500mW AMPLIFIER KITS. 3-transistor. complemen-
tary output to 3-15 ohm speaker, 74-15V supply. All
parts with instructions. 75p post paid. A. Manley, 13
Randisbourne Gardens, Bromley Road. London S.E.6.

CRYSTALS. Marine frequencies. 2381, 2089, 2306,
in holders with %in. pin spacing £2 each. Box No.
G154,

WORLD DX CLUB covers all aspects of SWLing on
Amateur and Broadcast Bands through its monthly
bulletin “Contact’”. Membership costs £1.38 a year.
Enquiries to Secretary, WDXC, 11 Wesley Grove,
Portsmouth, Hants., PO3 SER.

RELAYS. Sigma type 72A0Z, octal base, £1.50; Carpen-
ter polarised, £1; D164816, £1.50. Box No. G155.

FOR SALE: Ex-American army oscilloscope A/APN4.
Needs minor repairs, otherwise good condition. £9.
Apply: Heydecker, Friends’ School. Saffron Walden.
Essex.

HOLIDAY ACCOMMODATION. Burwood Lodge
Hotel, Dawlish Road, Teignmouth, S. Devon. Especi-
ally for parents with young children. Facing south,
on the cliffs, direct access by private path to sea.
Mothers’ l\ltchen, automatic washing machines, baby
listening service. Licensed lounge. Ample free parkmg

HEADPHONES, NEW, BOXES, HALF PRICE. One
“Trio” HS+4 89, £3. One “Echo” HS-606D, 8%/40009.
switchable impedance, quality make, £2. One mint
R1155 SM Dirive, replaces early type, £1. Box No.
G.160.

INTERESTED IN RTTY? Then buy a copy of our
booklet, “RTTY — The Easy Way.” 15p post paid
from: Miss G. Southby, 5! Norman Road, Swindon,
Wilts.

FOR SALE. Heathkit AG9U audio generator, perfect
condition. Little used. £14 complete with manual and
leads. Also a variety of radio books in perfect condi-
tion. Box No. G161.

(Continued on page 707)
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/ervl A FAST EASY
WAY TO LEARN BASIGC
RADIO & ELEGTRONIGS

Build as you learn with the exciting
new TECHNATRON Outfit! No mathe-
matics. No soldering—you learn the
practical way.
Learn basic Radio and Electronics at home - the fast,
modern way. Give yourself essential technical ‘know-
how’ - like reading circuits, assembling standard com-
ponents, experimenting, building - quickly and without
effort, and enjoy every moment. B.LE.T.’s Simplified
Study Method and the remarkable TECHNATRON Self-

Build Outfit take the mystery out of the subject, making
learning easy and interesting,

Even if you don’t know the first thing about Radio now,
you'll build your own Radio set within a month or so!
A l4-year-old could understand

and benefit from this Course -
but it teaches the real thing. The

. . . and what's more, you
will understand exactly what
you are doing, The TECHNA-

TRON Outfit contains every- easy to understand, practical
thing you need, from tools to projects - from a burglar-alarm
transistors even a versatile to a sophisticated Radio set -

help you master basic Radio
and Electronics - even if you are
‘non-technical’ type. And, if
you want to make it a career,
BI1.E.T. has a fine range of
Courses up to City and Guilds
standards.

New Specialist Booklet
If you wish to make a career in
Electronics, send for your FREE

copy of '‘OPPORTUNITIES IN
TELECOMMUNICATIONS / TV

Multimeter which we teach you
to use. All you need give is a
little of your spare time and a
the surprisingly low fee, pay-
able monthly if you wish. And
the equipment remains yours.
so you can use¢ it again and
again.

You LEARN - but it’s as
fascinating as a hobby.

Among many other interesting
experiments, the Radio set you
build - and it's a good one -
is really a bonus. This is first
and last a teaching course,
but the training is as fascinating
as any hobby and it could be the
springboard for a career in Radio
and Electronics. Py

FREE
BRITISH INSTITUTE "
OF ENGINEERING  ©
TECHNOLOGY =
Dept. 3708, ALDERMASTON COURT, READING RG7 4PF

POST THIS COUPON FOR FREE BOOK

L X R X N N N N N 8 B B B _X__§ N N 2/l

AND RADIO’. This brand new
booklet - just out - tells you all
about TECHNATRON and
B.I.LE.T.'s full range of courses.

-

Please send books and full information — tree and wnhnm'
ohligation .
I NAME. . . . AGE. 1
] ADDRESS
i N
1 OCCUPATION _____ . _ . ... :
l To B.1.LE.T. Dept 370B, Aldermaston Court, Reading RG7 4PF l

VSR EED T GER SER DG GEN ENE GRS SRS SEE BEE EER DS @6 SEE SR A
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To All Users of Industrial
Flectronics

Take advantage of our very competitive prices

and high quality workmanship.

DESIGN AND CONSTRUCTION OF
INDUSTRIAL ELECTRONICS EQUIPMENT.

INDUCTION HEATING GENERATORS. METAL
DETECTORS, POWER SUPPLIES, AUTOMATION

AND CONTROL EQUIPMENT.
HIGH QUALITY
SHORT DELIVERY TIMES,
TWO YEARS GUARANTEE

DESIGNS CONSTRUCTED TO
CUSTOMERS OWN SPECIFICATIONS.

WRITE FOR FULL DETAILS TO:-

“E.B.EH. A. KYPRIOTIS”

LABORATORIES OF INDUSTRIAL
ELECTRONICS

OFFICE FACTORY

ANDROMAHIS 50, KALLITHEA PAPAFLESSA 3, TSAKOS

ATHENS, GREECE AGHIJIA PARASKEVI

ATHENS, GREECE

CALLBOOK

Published quarterly: March, June, Sept. & Dec.

from Chicago, USA

Known the world over as the CALLBOOK, this compre-
hensive reference lists about 300,000 [licensed radio
amateurs in the United States Directory and 160,000
or more In the rest of the world (contained in the ‘' DX
Section ''). The CALLBOOK also includes much incidental
DX information. Every amateur operator and SWL needs the
latest CALLBOOK to get the most out of Amateur Radio.

DX Listings £3.10 US Listings £4.10
The two together, covering the World, £6.80

ARRL HANDBOOK
1971 EDITION

Published by the American Radio Relay League
£2.80

SHORT WAVE
MAGAZINE

The journal for the Radio Amateur, established in 1937 and
now circulating in all English-speaking countries. [n the last
28 years it has become the most widely-read radio amateur
magazine in the U.K. Includes regular SWL feature and
much operating news covering all bands HF/VHF. Also
articles on theory, design and construction of amateur-band
equipment. At least 64 pages every month. .
P 1
223p

By order through any newsagent

Subscription (12 issues, post free}) PER ANNUM £2 75

SHORT WAVE MAGAZINE

Publications Department, 55 Victoria Street,

London, S.W.1 . 01-222 5341
(Counter Service, 9.30-5.15, Mon. to Fri.)

(Nearest Station: St. James's Park)
(GIRO A/C No. 547 6151)

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.

PRIGE 75 p Postage 10p

Available only from:—

Data Publications Ltd.
b7 Maida Vale London W9 1SN
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SMALL ADVERTISEMENTS

(Continued from page 705)

WANTED: Marine type sextant. Details & price to Box
No. G152.

IF YOU HAVE ENJOYED A HOLIDAY on the Nor-
folk Broads, why not help to preserve these beautiful
waterways. Join the Broads Society and play your part
in determining Broadlands future. Further details
from:— The Hon. Membership Secretary, The Broads
Society, “Icknield”, Hilly Plantation, Thorpe St.
Andrew, Norwich, NOR 85S.

MAGAZINES FOR SALE: “The Radio Constructor” -
1967 except June & October, 90p; all 1968 issues
£1; all 1969 issues £1; or the lot £2.75 to clear.
“Practical Wireless' — 1967 except July, 95p; 1968
except November, 95p; all 1969 issues £1; or the lot
£2.75 to clear. “Practical Electronics” — 1967 except
November & December, 90p; 1968 except January &
March, 90p; or the lot £1.65 to clear, Prices include
postage. All in good condition. Box No. G162.

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

WANTED: The Radio Constructor Volume 18. Copies
Nos. 1 (August), 2 (Sept.), 4 (Nov.), 5 (Dec.), all 1964.
Your price by London cheque plus air mail costs all
four copies. Also index to Vol. 18 (August 1964 to
July 1965). Millar, SH3AP, Post Box 381, Morogoro,
Tanzania.

VALVES TO CLEAR: 801-A, VTI36, VT62, DKO9I,
T20, UX8&65S, HP4106, 41MP, 6B4G, 10LD, N142,
U142, 10F9, THI141, 3ML, UY4l, |71DDP, 354,
VRO91. All at 13p each postage paid. Box No. G165.

FREE GIFT when you request our quality stamps,
supplied on approval. Generous discounts. Details
from: Watson’s Philatelic Service, 6 Beech Avenue,
Brentwood, Essex.

SELLING UP. Oscilloscope £30, solid-state voltmeter
£15, CR Bridge £10. All nearly new. Large quantity
components, many unused, £15 to clear. Box No.
G166.

FREQUENCY LIST TRANSFERS. We have a limited
supply of sheets of Dial Frequency Transfers in black.
Short Wave frequencies 1.8Mc/s to 32Mc/s and
144Mc/s and 146Mc/s. Includes amateur band marker
frequencies at 100kc/s points and other short wave
frequencies from 2 to 32Mc/s at every 500kc/s points.
Each frequency is repeated. Two sheets for Sp, five
sheets for 10p, postage 2ip. Data Publications Ltd.,
57 Maida Vale, London W9 1SN.

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

JOHN SAYS...

RING MODULATOR by Dewtron is grofessional. transformer-
less, 5 transistor, has adjustable F1/F2 rejection. Module £7.
Unit £8.90 WAA-WAA Pedal kit of all parts, incl. all mechanics
& instr. ONLY £2.45. AUTO RHYTHM from Dewtron
modules. Simple unit for waltz, foxtrot, etc. costs £16.55 in
modules, ORGAN PERCUSSION and other fascinating effects.
Send 15p for illust. list. D.E.W. LTD., 254 Ringwood Road,
FERNDOWN, Dorset.

NEW MODEL V.H.F. KIT MK2

Qur latest Kit, improved design and performance plus extra
Amplifier Stage, receives Aircraft, Amateurs, Mobile, Radio 2, 3,
4, etc. This novel little set will give you endless hours of pleasure
and can be built in one evening. Powered by 9 Volt Battery, com-
plete with easy to follow instructions and built-in Jack Socket for
use with Earphones or Amplifier. Only £3.40. P&P Free UK only.
lllustrated Catalogue of Selected Kits & Components 12}p. pp free.
Cheques, Postal Orders to: Dept RC,
Galleon Trading Co., 25 Avelon Road, Romford, Essex

PLAIN-BACKED
NEW STYLE

SELF-BINDERS

for your other magazines

{max. format 71” x 91”)

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

(If choice not stated, colour available will be sent)

PRICE 70 p Postage 10p

Available only from:—

Data Publications Ltd,
b7 Maida Vale London W9 1SN

JUNE 1971
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CHASSIS

- H. L.SMITH &CO.LTD. BLANK CHASSIS
and 5 W 287/9 Edgware Road FOUR-SIDED 16 SWG ALUMINIUM
CASES EDGWA:E ROAD London W2 IBE S6iz: o 3P4rit:e Bla7se ﬂ’ze8 - 6P6ri<:e B;';c
by TEL: 01-723 5891 Txdxly” 33p  18p |2§7:21" s6p  33p
7x5x2"  d0p  19p  12x9x2i" 76p  38p

CASES ALUMINIUM, SILVER

HAMMERED FINISH 8x4x2” 38p 19p  13x8x2i” 76p 38p

8Ix5ix2” ddp  21p  14x7x3% 80p  36p

Type Size Price Type Size Price 9x7x2"” SO0p 26

" , p 14x10x2} 88p 47
d gx:x;." E:gg sz :%x;x;"y 2%20 10x4x24” SOp 21p ISxI0x2; 92p SO:
N adr o ¥ st 0N 12xh2” SSp  22p  17x10x3" €1.10 SSp
3 ;); i:”‘*, £|9?E Y }§x7x7" ég.?g 12x5x3 66p 26p

R T SO =7 L YO FIT OUR CASES

U 8xéx6” £1.45 Y 15x9x7” £3.35
’U 9§x7§x3§” £1.55 Z 17x10x9” £4.15 § 4 7X5 XII}," 38p %lp |2x63x%:: 62p ::p
U 15x9x9" £3.00 Z 19x10x8"” £4.50 7x54x2 N 43p 1p  14x84x "7 p P
W B8xéx6’ £1.90 *Height ||x63x| 1 SSp gsp {Sixgixﬁnztpos g;.p
Type N has removable bottom, Type U re- 11x64x2” §Sp P 74x91x R ]

Plus post & packing
PANELS: Any size up to 3ft. at 36p sq. ft. 16 s.w.g.
(18 s.w.g. 32p). plus postage and packing

A SUPERB LARGE-SCALE MULTIMETER
AT A PRICE YOU CAN AFFORD

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

% 20,0000/volt Y% Mirror Scale
% Overload Protection v Free Batteries
= D.C. VOLTS: 0. 3, 12, 30, 120, 600 ., , ,
_,’:,*" 0 . A.C. VOLTS: 5, 30, 120, 600 SIZE: 6" x 44" x 24
=", o i = D.C. AMPS: 50uA, 600uA, . e
~eom. eros._siok = 60m A, 600mA. Money back if not satisfied
e RESIST ANCE— 10k, 100k, 1 meg,
10 megs, (half scale reading: ONLY £6 . 2 5

60€2, 600€2, 60002, 60Q2kA)
DECIBELS: —20 to +-46db.

IVORYET LTD. 124 Cricklewood Broadway, London, N.W.2

DATA BOOK SERIES

DB5 TV FAULT FINDING
124 pages. Price 50p, postage 6p.

DB16 RADIO CONTROL FOR MODELS
192 pages. Price 75p, postage 8p.

DB17 UNDERSTANDING TELEVISION
512 pages. Price £1.88, postage 20p.

DB18 AUDIO AMPLIFIERS
128 pages. Price 53p, postage 6p.

DB19 SIMPLE SHORT WAVE RECEIVERS
140 pages. Price 80p, postage 6p.

Plus 24p P. & P.

I enclose Postal Order/Cheque for in payment for

NAME

ADDRESS

(Please use Block Capitals for both name and address)
Postal Orders should be crossed and made payableto 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 W9 1SN

Please mention THE RADIO CONSTRUCTOR when writing to advertisers,
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HENRY’'S RADIO LIMITED = /*
ENGLAND'S LEADING ELECTRONIC CENTRES

COMPONENTS - TEST * PA. - DISCOTHEQUE -

Hi-FI - ELECTRONIC ORGANS - MAIL ORDER

TRANSISTOR
AMPLIFIERS

NEW RANGES
NOW IN STOCK

(Leaflets Ret Nos. 6 8 8)
Post etc. 20p (4/-)
4-300 4 TR 9 voit 300 mwW
104 4TR 9volt 1 watt
304 4TR 9voli 3 wat
555 6TR12Volt 3wart
PA7 BTR 16 Volt 7 warit
608 6 TR 24 Volt 10 Watt
410 4 TR 28 volt 10 watt
MPA12/3 6 TR 18 Voit 12 Watt 50
MPA12/15 6 TR 36 Volt 12 Watt £5. 25
Z30 9 TR 30 VoIt 20 Watt £37
PA25 10 TR (Special) 25 watt 27.50
250 30 Volt 40 Wait £5.47
PA50 12 TR (Special) 50 watt  £9.50
100 100w with Power Supply £45.00 posi 45p
OPTIONAL POWER SUPPLIES Post. etc 20p

P 500 (One or Two) for 104 304

PS 20 {One or Two) for PA7

MU24/40 (One or Two ) for
MPA12/3 or MPA12/15 £4.50

or PZ6 for Z30 £6.97

PZ8 tor Z50 £5.97 Transformer £2.25
P11 for 608 £287 P15 for 410 £2.62
MU442 for one ar two PA25. or one only for PAS0 £6.50

SINCLAIR rroJecT 60 PACKAGE DEALS

2xZ30 amplidier. sterec 60 pre-amp PZ5 power supply £16.75

Carr 40p Or wilh PZ6 power Supply £18.25. Carr 40p. 2xZ50

ampliier. sterea 60 pre-amp. PZ8 power supply £20.25. Carr

40p Transformer for PZ8 €225 exira Any of the above with

Active Filter umit add £4.75 or with pair 016 speakers add £15.
Also NEW FM TUNER Price £21.00.

BUILD THIS VHF FM TUNER

5 MULLARD TRANSISTORS 300 kc/s
BANDWIDTH  PRINTED CIRCUIT,
HIGH FIDELITY REPRODUCTION.
MONO AND STEREO. A popular VHF
FM Tuner for quality and reception of
mono and stereo. There is no doubt
about it -~ VHF FM gives the REAL
sound. All parts sold separa(ely
Free leatiet Nos. 3& 7
TOTAL £6.97 p.p. 20p
Cabinet £1.00. Decoder Kit £5.97. Tun-

ing Meter £1.75. Mains unit (optional) Model PSS00 £2.47

Mains unit for Tuner and Decoder PS1200 £2.62

BUILD YOURSELF A QUALITY RADIO

Excellent printed circuit design with full
power output. Fully tuneabie on both
MW/LW bands. 7 Mutlard transistors.
Fitted Sin. speaker. Room:-filling power.
Easy to build with terrific resuits. Two-
colour leathercloth cabinet with siivered
front Ali local and continental stations
Complete detailed instructions Ask for
Leaffet No. 1. Tota! cost £6.98 p.p. 35p
All parts sold separately

TEST EQUIPMENT FOR HOME,
SCHOOL & PROFESSIONAL USE

AF105 50k/volt multimeter (illus.).

£8.50 p.p. 20p Leather case £1.42

200H 20k/volt. £3.87 p.p. 20p

Case 62p

500 30k/volt multimeter £8.87 p.p. 20p

Leather case £1.50

THL33 2k/volt £4.12 p.p. 15p Leather

case £1.15

TEB5 Valve voltmeter £17.50 p.p. 40p

SE250B Pocket pencil signal injector
£1.75 post paid

HI-FI TO SUIT

| EVERY
POCKET

SE500 Pocket pencil signal tracer
£1.50 post paid

TE20D (illus.) RF generator £15.00 p.p. 40p
TE22D Matching audio generator

£17.00 p.p. 40p
TE15 Grid dip meter £12.50 p.p. 20p

TO3 Scope 3” tube £37.50 p.p. 50p
TE22 Audio generator £17.00 p.p. 40p

CHOOSE 10 STEREQ
FROM 0 SYSTEMS
and a complete range of indi-
vidual units in stock -~ Demonstra-
tions all day - visit our new Hi-Fi
Store. LOW CASH or CREDIT/HP
TERMS (Credit terms from £30
purchase - callers only). FREE
~ Stock list No. 16/17 on request. |

575 tor 730 £397 BEST VALUE IN UK.

NEW MINIATURE
LOw-CoST
AMPLIFIER

MODEL 4-300

9 volt operated or mains unit optionai
transtormer (MT98 70p). 1-10mV
adjustable sensitivity. P/P output for 3-8
ohms. Fitted volume control and leads.
Size 5§” x 111" x 1”. Thousands of uses
- takes magnetic, dynamic and crystal
inputs direct. Quiput 300 mW — very high
gain — built-in rectifier circuit

Complete with FREE leaflet No 8

[sTC TIME
DELAY MODULE

Price £1.75
p&p 15p

HENRY'S LATEST
CATALOGUE

Latest edition. Now 350 pages.

GARRARD TAPE DECK

lr' N

* Components, Test Gear
* Equipment, Modules
* Special Offers, etc. etc.

Everything for the constructor.
Complete with 50p value dis-
count voucher for use with
purchase. Price 50p Post Paid

Why not send away today ?

FREE! FREE! FREE ! FREE!
8-page Transistor, IC, Diode
Lists No. 36. 20-page Organs to
Build brochure No. 9. Decks
& Hi-Fi Stock Lists No. 16/17
PA, Disco & Lighting List No.
18. Quotations for all Elec-
tronics - send S.A.E. for Lists.

300it. 3}” Tape & Spool 40p

8 volt operated 2-speed tape deck
fitted Record/Replay § track and
Erase/Bias Osc. Head. Complete
with Oscillator/Record head cir-
cuit Unit size 9” x 63" x 1§” and
21" below motor board. Takes up
to 4” spools. Supplied brand new.

Ideal for experimenters,
educational projects as well
as for praciical uses Delay
adjustable 3-15ssecs. Oper-
ates 9-12 volts. Heavy Duty
Relay Contacts. Complete
with suggested appiications
sheet. Price £1.75 post paid

25 WATT & 50 WATT
SILICON AMPLIFIERS
lOOK AT THE SPECIFICATIONS!

@ At full power 0 3% distortion.
® Atfull power - 1dB 11 ¢/st040ke/s
® Response - 1db 11 ¢/sto 100 ke/s.

Mains operated. Supplied with ali
plugs, etc. ADJUSTABLE OUTPUT
UP TO 1 VOLT.

* FET9/4. Mono with built-in mic.
mixer. Accepts any ceramic or

SLIM MODERN DESIGNS USING crystal cartridge. Plus tuner,

THE LATEST SILICON TRAN-
SISTORS, FET's and IC's. DIN
SOCKETS, etc. fitted. Self powered.
PUSH-BUTTON SELECTION - 20dB
BASS & TREBLE BOOST & CUT.

All inputs provided plus TAPE
RECORD and REPLAY. Specifically
designed for use with PA25 and
PA50 Amplifiers. GOLD & SiLVER
FINISH,

tape. etc. Price £12.50 p.p. 20p

* FET154 STEREO (illus.)
Magnetic cart. input, tuner. tape,
elc. Beautiful stereo sound.

Price £16.50 p.p. 25p

Also suitable for use with any
power amplifier. Suggested types:
PA25, PAS0, MPA12/3, MPA12/15.

® Rise time 2, sec
® Short circuit proof.
® plus limiting cct.
PA 25 10 iransistor ail silicon differential input 400 mv sensmvny 25 waits Rms into 8
ohms. Supplied with edge connector harness size 5 x x 2.
PA 50 12 transistor version 50 waits Rms into 3 to 4 ohms Size 5 x 3" x
MU 442. Power supply for one or two PA 25 or one PA 5i
PA25 £7.50 PAS50 £9.50 MU442 £6.00 p.p. 20p each

FREE LEAFLET
No 25 on request
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SIMPLICITY TO MOUNT - EASY TO USE - DESIGNED FOR QUALITY, PERFORMANCE AND PRICE.

All units no soldering - just edge connectors and plugs.

Electronic Components,

Audio and Test Gear Centre.

356 EDGWARE ROAD,
LONDON, W.2.
Tel: 01 -402 4736

High Fidelity Sales &

Demonstrations Centre

354 EDGWARE ROAD,

LONDON, W.2.
Tel: 01-402 5854

AS SPECIFIED FOR MANY
“PRACTICAL WIRELESS'" 1970 PROJECTS

Mail Orders, Special Bargain
Shop, Industrial Sales

303 EDGWARE ROAD,
LONDON, w.2.

Tel: 01-723 1008/9

Electronic Organs.

P.A. & Discotheque Centre
309 EDGWARE ROAD,
LONDON, W.2.

Tel: 01-723 6963

OPEN 9a.m. to 6p.m. MONDAY TO SATURDAY — 9a.m. to Tp.m. THURSDAYS — OPEN ALL DAY SATURDAY
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