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

This is the simplified insurance you have been waiting for.
Not just cover on the contents of your home but a
package of personal protection you and your family need.
And it's how we save you so much money: just ONE
policy to issue instead of nine!

You can build up to the cover you need by additional units

rve YORKSHIRE insurance

COMPANY LIMITED

Becket House, 36-37 0ld Jewry, LONDON, E.C.2. |

(or § units after the first) up to a maximum of five. So
simple. So easy. Apply to your Broker, Agent or local office
of a General Accident company. .
The Home Unit Policy can repYace your existing insurances
And remember— as you buy more possessions just add
more Home Units at any time.

Please send me further particulars of
| the Home Unit Insurance.

Itpays tobeprotectedbya/General/

Aecident 81

52-1°9468

pany |
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DENCO (CLACTON) LIMITED |
355-7-9 OLD ROAD, CLACTON-ON-SEA, ESSEX

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

Our General Catalogue showing full product range

=

DTB4 Transistor & Valve circuitry for D.P. Coils

DTB9 Valve Type Coil Pack Application circuitry

MD.1 Decoder Circuitry for Stereo Reception

16p
16p
16p
20p

All post paid, but please enclose S.A.E. with all other requests in the interests of

retaining lowest possible prices to actual consumers

Give us six months,

and welll turn your hobby
Info a career.

You have a hobby for a very
good reason. It gives you a lot of
pleasure.

So if you can find a job that
involves your hobby, chances are
you'’ll enjoy your work more, and
you’ll do better work.

Now CDI can help you find
such a job. A job where you’ll be
responsible for the maintenance
of a computer installation. A job
that pays well too. If you're inter-
ested in mechanics or electronics
(without necessarily being a

mathematical genius), have a
clear, logical mind and a will to
work, then we can train you to be
a Computer Engineer inside six
months.

So give us a call. CDI. We're
the Education Division of one
of the world’s largest computer
manufacturers. And we have the
experience to know if you can
make it. A ten minute talk with us,
and you could be on the way to
spending the rest of your life with
your hobby.

01-637 2171

between 9 a.m. and 9 p.m. and ask for Mr Reed
SEPTEMBER 1971

I-_It’s quicker and easier to phone, but if you_|
prefer, send this coupon to: Control Data

| Institute, Wells House, 77 Wells Street,
London, W.1.

| Please give me further information.

The Education Division of one of the world's
largest Computer manufacturers.

L e e e )

| Name o -

| Address o
— ) -
IAge ~_ Phone - el
|Cmea
| T LIMUED

|
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KING OF THE PAKS Unequalled Value and Quality

& O8C. UP TO 900
MHZ. UBE A8 RE-
PLACEMENT FOR
AF139-AF186 & 100%
OF OTHER UBES8 IN
VHF. OUR SBPECIAL
LOW PRICE:-~1-24 37p
each. 25-99 34p each
100+ 30p each.

CADMIUM CELLS

ORP12 43p
ORP60, ORPG1 40p each

PHOTO TRANS.

OCP71 Type. 43p

BIL. G.P. DIODES £p
300mw 30 .. 0.50

40PIV (Min.) 100 . 1 30
Bub-Min. 500 .. 5.00
Full Tested 1,000 .. 9.00

Ideal for Organ Builders.

D13D1 8ilicon Unilateral
switch 50p each.

A Bilicon Planar, mono-
lithic integrated circuit
having thyristor elec-
trical characteristics, but
with an anode gate and &
built-in ‘‘Zener’' diode
between gate and
oathode. Full data and
application cirouits avail.
able on reguest.

66

FULL RANGE OF
ZENER DIODES
RANGE

{DO-7
Case) 13p ae. 13 W (Top-
Hat) 18p ea. 10 W (80-10
8tud) 25p ea. Al fully
tested 6% tol. and
marked. Btate voltage
required.

BRAND NEW TEXAS
GERM. TRANSISTORS

Coded and Guaranteed

Pak No. EQVT
T1 8 2G371A 0C71
T2 82G374 0C75

TS 8 2(}3744A 0C81D
T4 8 2G381A OC81
T5 8 2G382T
T6 8 2G344A
T7 8 2G345A
T8 8 2G378
T9 8 2G399A 2N1302
T10 8 2G417 AF117

All 50p each pack

0C82
0C44
0C45
0oc8

—

2N2060 NPN SIL. DUAL
TRANS. CODE D1699
TEXAS. Qur price 25p
each.

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

Any Qty.

PIV 1A 3A 7A  10A 16A  30A'
TO-5 TO-66 TO-66 TO-48 TO-48 NEW BI-PAX UNTESTED
50 0533 0£2p5 £l,7 fgo 2 ki
. 8 0.4 0. 0.53 1.15
100 0.25 0.33 0.53 0.58 0.63 1.40 SENHGONDUGTORS
200 0.35 0.37 0.57 0.81 0.75 1.60 o
200 0.3 0.4; 0.8; 076 093 1.75 Satisfaction GUARANTEED in Every Pak, or money back.
00 0.53 0.5 0.7 0.97 1.25 — 1 Pak No. £
800 0. o o a a g P
83 070 0.80 1.20 1.50 4.00 Ul 120 Glass sub-min. general purpose germanium diodes .. 0.50
U2 60 Mixed germanium transistora ARW/RF ... ... ... ..., 0.50
SILICON RECTIF|ERS_TESTED uUs 75 Germanium gold bonded diodes sim. OA5, 0A47 .... 0.50
PIV 302‘:’1& 7550:“‘ i: 1-2;‘ 2;‘ 12: 32;‘ Us 40 Germanium transistors jlke 0081, 0128 0.50
50 0.04 0.05 0.05 0.07 0.14 0.21 0.47 ) US 60 200mA sub-min. 8il. diodes . 0.50
100 0.04 0.06 0.05 0.13 0.18 0.23 0.75} U 30 81l 1 t to.
200" [oNo5! odon) lo7ge) o: 1l cEanl iva!| lice 6 icon planar transistors NPN sim. BEY954, 2N706 0.50
400 0.06 0.13 0.07 0.20 0.27 0.7 1.25 u7 16 Bilicon rectifiers Top-Hat 750mA up to 1,000V . 0.50
gOO g‘]’}) gig g{g ggg gg; 0_%5 ;85 Us 50 Bil. planar diodes 250mA, 0A/200/202 0.60
5 o a o o 0.55 2.00
1000 0.11 0.5 0.15 0.30 0.46 063 2.50 U9 20 Mixed voita 1 watt Zener diodea 0.§0
1200 — 0.833 — 0.33 0.57 0.75 Ull 25 PNP silicon planar transistors TO-5 sim. 2N1 132 0.50
U13 30 PNP-NPN sil. transistors OC200 & 28104 .......... 0.50
TRIACS BILICON HIGH VOLT- | Ul4 150 Mixed silicon and germanium diodes .............. 0.50
VBOM2A 6A 10A], o_ﬁi Elg?ggf‘-?%’%uo Ulo 25 NPN Silicon planar transistors TO-5 sim. 2697 .. .. 0.50
TO-1 TO-86 TO-88 | P.I.V.) 8tud Type with | Ul6 10 3-Amp silicon rectifiers stud type up to 1000 PIV .. 0.50
gp gp gp | Flying Leads, 80p each. ] 717 30 Germanium PNP AF transistors TO-5 like ACY 1732 0.50
100 0.50 0.83 1.00 DIACS U1s 8 6-Amp silicon rectifiers BYZ13 type up to 600 PIV  0.50
200 0.70 0.9 1.25|FOR USL' WITH | Gio 28 Siilcon NPN transistors like BCI0S 0.50
400 0.80 1.00 1.60 | BRI0O .. . 37p each U20 12 1.5-Amp silicon rectiflers Top-Hat up to 1,000 PIV . 0.59
U21 30AF. germnnllﬂl_a:lloy transistors 2G:300 serleu & OC71 0.50
2A POTTED BRIDGE RECTIFIERS 200V 50p | U23 30 Madt's like MAT series PNP translstors  ........ .. 0.50
U24 20 G i 1-Amp rectifiers GIM up to 300 PIV .. 0.50
UNLJUNCTION AD I 6 I NPN V25 25 300Mc/s NPN silicon transistors 2N708, BEY27 .... 0.50
UT46. Eqvt. 2N2646, U26 30 Fast switching silicon diodes like IN914 micro-min .. 0.50
Eqvt. TI843. BEN3000 AD I 62 2
D each. 25-99 25p PNP U28  Experimenters’ assortment of integrated circults, untes-
100 UP 20p. MATCHED COMPLE- ted. Gates, flip-tlops, registers, etc., 8 assorted pieces . ... 1.00
MENTARY  PAIRS | U29 10 1-Amp SCB's TO-5 can up to 600 PIV CRB1/25-600 .. 1.00
NPN SILICON PLANAR gFAI?S}%g‘I)‘%RSPOWER U31 20 Bll. Planar NPN trana. low noise amp 2N3707 ...... 0.50
5B¢E\1r27'8/:{;- 1% o e"fi';‘ Fi driven_out- U82 25 Zener diodes 400mW D07 case mixed volts, 3-18 .. 0.50
S :aach; y 1,000 oﬁ: it sl'.]mm&ge of A U33 15 leﬂ: case 1 amp gilicon rectifiers IN4000 serles. ... 0.50
7pd eagha TFl‘)ul{yé tested | and Radio recejvers. U34 30 8il. PNP alloy trans. TO-5 BCY26, 28302/4 ... . 0.50
and code -18 case. | QUR_LOWEST PRICE | 735" 55 8il. planar & PNP TO-18 2N2906 50
OF 63p PER PAIR . P rans. -18 2N2 . 0.50
FREE B U36 25 Bil. planar NPN trans. TO-5 BFY50/51/32 . 0.50
Sl UB7 30 8il. alloy trans. 30-23 PNP, 0C200 28322 .. 0.50
it =
orre olfoice tree fmn 2N3055 115 WATT U38 20 Fast switching sil. trans. NPN, 4001\15:/5 2N3011 .... 0.50
orders valued £4 or over. SIL POWER | U39 30 RF germ. PNP trans. 2N1303/5 TO-5........... ... 0.50
TU40 10 Dual trans. 8 lead TO-5 2N20680 - 0.50
g}l;znf& H g!é% = ggig , ] OUR PBICE 639 EACH | U431 25 BF genm. trans. TO-1 OC46 NKT72 0.50
SISTORS. RF MIXER U42 10 VHF germ. PNP trans. TO-1 NKT667 AF 117...... 0.50

Code Nos. mentioned above are given as a guide to the type of device

in the Pak. The devices themselves are normally unmarked.

Q53

The largest selection

NEW LOW PRICE TESTED S.C.R.’S. NEW QUALITY TESTED PACKS

Pnck Description
2

0 Red spot trans. PNP

4 OC77 type trans
6 Matched trans. 0(,44/45/81/81D
4 0C75 transistors
4 0C72 transistors
4 AC128 trans. PNP high gain .
4 AC126 trans. PNP
7 OC81 type trana. .
7 OC71 type trans.

2 AC127/128 comp. 'pam PNP/NPN

3 AF116 type trans.
3 AF117 type trans.
3 0C171 H.F. type trans.
b 2N2926 sil. epoxy trans. .
2 GETB880 low noise germ. trans.
3 NPN 1 8T141 & 2 8T140

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

4 OC44 germ. trans. A.F. ....
3 AC127 NPN germ. trans.
20 NKT trans. A.F. R.F. coded .
10 OA202 sii. diodes sub-min.

8 0A95 germ. diodes sub-min. IN69 .
2 10A 800PIV sil. rects. 1345R
2 8il. power rects. BYZ13
4 811, trans. 2 X 2N696, 1 X 2N697,

1 X 2N698
7 Bil. switch trans. 2N706 NPN
6 Bil. switch trans. 2N708 NPN

3 PNP il
1 X 2N1132 ..
3 8il. NPN trans.
78it. NPN trans. 2N2369 M.
38ll. PNP TO-5 2Xx 2N2904
1 x 2905
72N3646 TO-18 plastic

8 2N3058 NPN sil. trans.

trans.

7 PNP trans. 4x 9N3703, $x 2N3702
3X 2N3706
7 NPN amp. $X 2N3707, 2X 3N3708.

7 NPN trans. 4X 2N3704,

3 Plaatic NPN TO- 18 2N3904 i)
6 NPN trans. 2N5172
7 BC107 NPN trans.

7 NPN trans. 4x BC108, 3X BC109

3 BC113 NPN TO-18 trans.

3 BC115 NPN TO-5 trans. . ....... 0
6 NPN high gain 3 BC167, 3X BC168 0.
0

4 BCY70 NPN trans. TO

-18 2
4 NPN trans. 2X BFY51, 2x BFY52 0.

2 X 2N1'131,

Price 2

coo ooe

&

7 B3Y28 NPN awitch TO-18........ 0
7 BBY95A NPN trans. 300MH2 .0
8 BY100 typesil. rect. ............ 1
25 8il. & germ. trans. mixed all
marked new . .............. 1
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PRINTED CIRCUITS—EX-COMPUTER

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

GENERAL PURPOSE GERM., PNP POWER

TRANSISTORS

Coded GP100. BRAND NEW TO -3 CABE. POSS. REPLACEMENTS
FOR:—0025-28-29-30-35-36. NET401—403-404-405-406—450—451-452—
T13027{]3028 2N250A, 2N466A—457A458A, 2N511-511 A & B.

453.
2G:220-222
BPECIFICATION
VCBO 80V VCEO 50V IC 10A PT 30 WATTS HFE 30-170.
PRICE 1-24 25~9% 100 up

43peach 40peach 36p cach

GENERAL PURPOSE SILICON NPN

POWER TRANSISTORS

Coded GP300. BRAND NEW TO-3 CASE. POSSIBLE REPLACE.
MENT FOR:—2N3055, BDY20, BDY11.
SPECIFICATION
VCBO 100V, YVCEO 60V, IC 15AMPS, PT. 115 WATTS. Hte 20-100.
FTI MHZ
PRICE 1-24 25-99 100+

55peach  50p each 47peach

GENERAL PURPOSE NPN SILICON SWITCHING TRANS. TO-18 SIM.
TQ 2N708/8, BSY27/28/95A. All usable devices no open or short ciroults.
ALSO AVATL ABLE in PNP 8im. to 2N2906, BCY70. When ordering

please state preference NPN or PNP.

£p £p £p
20 For 0.50 100 For 1.75 1000 For
50 For 1.00 500 For 7.50 13.00

TRANSISTOR EQUIVALENTS BOOK.

New Edition’

A complete cross reference and equivalents
book for European, American and Japanese
Trausistors. Exciuslve to BI-PAK 90p each.

GERM. POWER TRANSISTORS

Price Prica
T¥pe each Type each
0C20 50p 0C29 40p
0C22 30p 0C25 33p
0C23 33p 0C36 40p
0C25 25p AD140 40p
0C26 25p AD142 40p
0C28 40p AD149 43p

JUMBO COMPONENT PAKS

Mixed Eiectronic Components. Exceptionaliy
good value (no rubbish) Reslstors, capacitors
pots, Electrolytics & Coila + many otker
usefu! items. Approximately 3 1bs in weight.

Price incl, P & P. £1.50 only.

satisfaction or money back guarantee.

Plus our

OUR BTOCKS of individusl devices are uow
too numerous to mention in this Advertise-

ment. Send 8.A.E. for our listing of over
All b

1,000
Stoek at very competitive prices.

Ex-

BILICON PEOTO TRANSISTOR

TO-18 Lens end. NPN Sim. Epoxy TO-5 case

RTL MICROLOGIC CIRCUITS
rice each
1-24 25-99 100 up

Dual-in-Line Low Proflie Sockets
14 and 16 Lead Sockets for use with

to BP x25 & P21. BRAND uL800 Buffer 35p 33p 27p Dual-in-Line Integrated Circuits
NEW. Full data avatlable. Fully uL914 Dual 2i/p
Guaranteed . LQZ Py 35p 33p 27p q Price aulch
t, L u 3 flip-flop 50p A47p 45p Order No. -24 25-v9 100 up
Qbyy 124 26-89 100 wp. | 1 L8 3 Cireuite Backlet for I.Cw. | THO 14 pintype  30p 25p

Price each. 45p 40p 35p

Price 7p.

www americanradiohistorv com

TS8O 16 pin type 35p

THE RADIO CONSTRUCTOR

32p

30p

(o
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74 Series T.T.L. 1.C’s

DOWN AGAIN IN PRICE

Check our 74 Serles List before you by any 1.C’s. Our prices are
the lowest possible. All_devices ex-stock. Full spec. guaranteed.

BI-PAK Price and qty. prices
Order No. Similar Types to:—Description 1-24 2(;—99 100£np
£p P P

BP0 = 7400 Quadruple 2-input NAND gate i 0.15 0.14 0.12
BPO1 = 7401 Quadrupie 2-input pogitive NAND

gate (with open collector output).. 0.15 0.14 0.12
BP02 = 7402 Quadruple 2-input positive NOR

gates " - =5 .. 0.15 0.14 0.12
BPOR = 7403 Quadruple 2-input positive NAND

gates (with open-collector output) 0.15 0.14 0.12
BP04 = 7404 Hex Inverters . 0.15 0.14 0.12
BP03 — 7405 Hex Inverter (with open-colleetor

output) 0.15 0.14 0.12
BP10 = 7410 Triple 3-Input pomtlve NAND ¢at9- 0.15 0.14 0.12
BP13 = 7413 Dual 4-input 8chmitt trigger 0.29 0.26 0.24
BP20 = 7420 Dual 4-input positive NAND gam 0.15 0.14 0.12
BP30 = 7430 8-input positive NAND gates 0.15 0.14 0.12
BP40 = 7440 Dual 4-input positive NAND bllﬂe!s 0.15 0.14 0.12
BP41 = 7441 BCD to declmal nixie driver 0.67 0.64 0.58
BP42 = 7442 BCD to decimal decoder (4-10 llnea,

1ot 10) .. 0.87 0.64 0.58
BP4§ — 7446 BCD-to-Seven- Seg'mcnt Decoder

Driver £.00 1.75 1.50
BP47 = 7447 BCD- seven-segment decoder/driven

{15V outputs) 0.97 0.94 0.88
BP43 = 7448 BCD-to-Seven-Segment decoder

Driver .. 0.97 0.94 0.88
BPG) = 7450 Expandable Aual 2-inpu‘ 'AND-

OR-INVERT 0.15 0.14 0.12
BPS1 = 7451 Dual 2-wide 2-i input NAND-OR-

) INVERT gates 0.16 0.14 0.12

BP53 = 7453 Quad 2-input expandable NAND-

OR-INVERT 0.15 0.14 012
BP54 = 74564 4-wide 2-input NAND-OR- INVEBT

gAtes 0.15 0.14 0.12
BP6D = 7460 Dusl 4-Input expander 0.15 0.14 0.12
BP70 = 7470 Bingle-phase J-K fiip-flop 0.20 0.28 0.24
BP72 = 7472 Master-slave J-K lip-flop .20 0.28 0.24
PB73 = 7473 Dual master slave J-K flip- ﬂop 0.37 0.35 0.32
BP74 = 7474 Dual D type flip-flop .. 037 0.35 0.32
BP76 = 7475 Quad latch .. .. 0.47 0.45 0.42
BP76 = 7476 Dual J-K with pre- -set and clear 0.43 0.40 0.38
BP80 = 7480 Gated tull adders 0.687 0.64 0.58
BP81 —~ 7481 18-bit read/write memory 0.97 0.94 0.88
BP82 = 7482 2-bit binary tull adders 0.97 0.94 0.88
BP83 = 7483 Quad full adder 1.10 1.05 0.95
BP88 = 7486 Quad 2-input exclusive NOR ga.te! 0.32 0.30 0.28
BP0 = 7490 BCD decade counter . . 0.87 0.64 0.58
BP9l = 7491 8-bit shift registers .. -e 0.87 0.84 0.78
BPO% = 7492 Divide-by-twelve counters. 0.67 0.64 0.58
BPS3 = 7493 4-bit binary counters. 0.67 0.64 0.58
BPO4 = 7404 Dual entry 4-bit shift reguter 0.77 0.74 0.68
BPSS = 7495 4-bit up-down shift register . . 0.77 0.74 0.68
BPS6 = 7496 6-bit parallel in pn.mllel out ahm-

register 3 b 0.77 0.74 0.68
BP100 = 74100 8-blt bistable Iatches 1.75 1.65 1.55
BPL104 = 74104 Bingle J-K I'lip-Flop cquiv. 9000,

Series. 0.97 0.94 0.88
BP105 = 74105 8ingle J-K Flip-Flop equiv. 9001 0.97 0.94 0.88
BP107 = 74107 Dual Master Slave Flip-Flops 0.40 0.38 0.38
BP110 = 74110 Gates Master-Slave Flip-Flops 0.55 0.53 0 50
BPI11 = 74111 Dual Data Lock-out Flip-Fiop 1.26 1.15 1.00
BP118 = 74118 Hex set-reset latches 1.00 0.85 0.90
BP119 = 74119 Hex Bet-Reset latches. 24 pin. 1.35 1.25 1.10
BPI21 = 74121 Monostable muitivibratora . 0.67 0.64 0.58
BP141 = 74141 BCD-to-decimal decoder/driver .. 0.67 0.64 0.58
BP145 = 74145 BCD-to-decimal decoder/driver. OIC 1.50 1.40 1.30
BP130 = 74153 16-Bit Data Selector .. 180 1.70 1.60
BPI51 = 74151 8-blt data selectors (with strobe) ..  1.00 0.95 0.90
BP153 = 74153 Dual 4-line-to-1-line data .. .. l1.20 1.10 0.95
BP154 = 74154 4 to 16 Line Decoder e .. 180 170 1.60

Devices may be mixed to qualify for quantity prices. Larger quantities—prices on
application. (TTL 74 Beries only.)
Data is available for the above series of 1.C’s in booklet form, price. 13p.

TTL INTEGRATED CIRCUITS
Manufacturers’ “Fall outs”—out of spec. devices including functional units and
part functiob but classed aa out of spec. from the manufacturers’ very rigid specificas
tions. Ideal for Jearning about I C’s and experimental work.

PAE No. AK No, PAK No.

UICe = 12 X 7400N  50p UIC42 = 8 X 7450N 50p UIC80 = 5§ x 7480N 50p
UIC)] = 12 X 740IN  50p UIC50 = 12 x 7450N 50p UIC82 = 5 X 7482N 50p
VIO = 12 X 7402N  50p WUICSL = 12 x 7451N 50p VUIC83 = 6 x 7483N 50p
UI003 = 12 X 7403N  60p UIC60 = 12 X 7480N 50p VUIC86 = 5 x 7486N 50p
UION4 = 12 X 7404N  50p UIC70 = 8 x 7470N 50p UICH0 = 5 X 7490N 50p
UICDS = 12 X 7496N  50p UIC72 = 8 x 7472N 50p UIC92 = 5 X 7492N 50p
UIO10 = 12 X 7410N  50p UIC73 = B x 7473N 50p UICI3 = 5 X 7493N 50p

UYIC20 = 12 X 7420N  50p UIC74 = 8 X 7474N 50p UIC94 = 5 X 7494N 50p

UIC40 = 12 X 7440N  50p UIC76 = 8 x 7475N 50p UIC95 = 8 X 7495N 50p

TIC4l = 6§ X 7441AN b50p UICT6 = 8 x 7476N 50p VUICHE = § X 7406N 50p
UICX1 = 28 X Asst’d 74'a £1.50

Packs cannot be split but 20 assorted pieces (our mix) is available as PAK UICX1.

Every PAK carries our BI-PAK Satisfaction or money back GUARANTEE.
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ANO THER BI-PAK FIRST!

THE NEW SGS EA 1000
AUDIO AMPLIFIER
MODULE

s GUARANTEED
NO LESS THAN
3 WATTS RMS

Especially designed by $.G.S. incorpor-
ating their proven Linear I.C. Audio
Amp. TA4621 providing unllmlted
applications for the enthusiast in the
construction of radios, record players, Audio and Stereo units.
Also ideal for inter-com systems, monitoring applications and
phone answering machines. Other uses: portable applications
where supply rails as low as 9V are of prime importance.

* Bensitivity 40 mV for 1 watt Voltage
gain 40 dB but can be varied up to
73 dB for some applicationa.
8ignal to Noise Ratio 86 dB.
Frequency response better
50 Hz to 25 KHz for ~3 dB.
Normal supply Voltage 9-24V.
Buitable for 8-16 ohm loads.

* Bupply Voltage (Vs)=24V 16 ohm
load.

Module Tested and Guaranteed.
than Qty 1-9 10-25

Pnce each £2.63 £2.28

Larger quantities quoted on request.

B v 0o, Bt Full hook-up diagrams and complete
Overall slze 2% 8" §". technical data supplied free with each
Typical Total Harmonic distortion modual or available separately at 10p
at 1 Watt less than 19%. each.

ROCK BOTTOM PRICES | —CAN’T BE BEATEN

e o o0

LOGIC DTL 930 SERIES 1.C’s
Type Price
No. Fuanction 1-24  25-68 100 up
BP930 Expandable duel 4-input NAND . is - 12p 1lp 10p
PY32 Expandable dual 4-input NAND buﬂer e £e 13p 12p 1lp
BP933 Dual 4-input expander F . 13p 12p 11p
BP935 Expandable Hex Inverter .. T i o 13p 12p 11p
BP936 Hex Inverter i3p 12p 1l1p
BPU44 Dual 4-input NAND expandable bufter without
pull-up ® 13p 12p 1lp
BPY45 Mumr slave JK or RS - o - Py 25p 24p 22p
RPy46 Quad, 2-lnput NAND A e w4 - 12p 1lp 10p
Bro4s Master-slave JK or R8 .. o o . 25p 240 22p
BP951 Monostable .. =5 . 3% is 85p €0p 55p
BP862 Triple 3-input NAND . a i 12p 11p 10p
BP9093 Pual Master-slave JK with sepmbe cloek it 40p 38p 35p
BP0094 Dual Maater-slave JK with separate clock = 40p 38p 35p
BP9097 Dual Master-slave JK with Common Clock Y 40p 38p 35p
BP9098 Dual Master-siave JK Common Cloek .. 40p asp 35p

Devices may be mixed to qualify for quantity price. Larger quantity prices om
application. (DTL 930 Series only.)

BRAND NEW LINEAR LC's—FULL SPEC.

Price

Type No. Case Leads  Description 1-24 25-99 100 up
BP 201C—8L20I10 TO-5 8 G.P. Amp 3p 683p 45p
BP 701C—8L70IC TO-5 OP Amp 63p 50p 45p
BP 702C—8L7020 TO-5 8 OP Amp Direct OP 63p 50p 45p
BP 702—72702 D.1.L. 14 G.P. OP Amp (Wide

Band) 53p 45p 40p
BP 709—72709 D.IL.L. 14 High OP Amp 53p 45p 40p
BP 709P—LA708C  TO-56 8 High Galn OP Amp 53p 45p 40p
BP 711—LA711 TO-6 1qQ Dual comparator 53p 50p 46p
BP 741—72741 D.I.L. 14 High Gain OP Amp

(Protected) 75p 60p 50p
LA 7030—U-A703C TO-6 [ R.F.-L.F. Amp 43p 35p 27p
TAA TO-72 4 A.F. Amp 70p 60p 55p

All prices quoted in new pence Giro No. 388-7006
Please send all orders direct to warehouse and despatch department

-PAK

P.O. BOX 6, WARE - HERTS

Postage and packing add 7p. Overseas add extra for-airmail.
Minimum order 50p. Cash with order please.

Guaranteed Satisfaction or Money Back
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£2.50

Making & Repairing Transistor Radios
by W. Oliver £1 Postage 10p

ABC'’s of Integrated Circuits
by R. P. Turner £1.25 Postage 5p
Transistor Pocket Book
by R. G. Hibberd £1.40

Hi-Fi In The Home
by J. Crabbe £2

Postage 10p

Postage 10p

VHF-UHF Manual by G. R. Jessop
£1.60 Postage 12p

Radio Communication Handbook

by The R.S.G.B. £3.15 Postage 25p

Radio Valve & Transistor Data

by A. M. Ball 75p Postage 10p

=MYN
§ 50p BARGAIN PACKS

All fully coded, all from well-known
manufacturers.and now available, while
. stocks last, at better than bulk- buyer S
prices! Cash with order only.

THIS MONTH:

1IN4148 Signal Diode 18 for 50p

(==1N914)

1IN5060 1 Amp Rectifier 400V

(=A14D) avalanche protected 7 for 50p
;. 2N2926 NPN Silicon Transistor 8 for 50p
i (Red) hfe 55-110

2N2923 NPN Silicon Transistor 7 for SOp
4 hfe 90-180
‘ 2N2646 Versatile Unijunction 3 for 100p

Post and packing 10p for 1 or 2 packs;
3 packs or more post free.
Order any quantity, till sold (but we
regret packs cannot be s\ubdkded)
R

.

TS = -
' P.0. or Chedue payéble Jermyn Industries,

VestryEstate Sevenoaks, Kent.

THE MODERN BOOK CO

COLOUR TELEVISION

PICTURE FAULTS

There are over 120 illustrations, including 88 colour
photographs

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

19-21 PRAED STREET (Dept RC) LONDON W2 IPN
Telephone 01-723 4185

Postage 5p
ABC’s of FET’s

by R. P. Turner £1.25 Postage 5p
Transistor Audio & Radio Circuits

by Mullard £1.50 Postage 8p
110 Semiconductor Projects For

The Home Constructor

by R. M. Marston £1.20 Postage 5p
1971 World Radio-TV Handbook

by J. M. Frost £2.30 Postage 8p

Foundations Of Wireless & Electronics
by M. G. Scroggie £1.80 Postage 15p

F.M. Radio Servicing Handbook
by Gordon J. King £3

The Radio Amateur’s Handbook 1971
by AR.R.L. £2.60 Postage 25p

Postage 10p

700 mucH sTock !

Yes, LST would need half this magazine to\
show their full range.

But 5p for postage will bring you our

FREE compenents catalogue. 44 pages of
semiconductors, integrated circuits, passive
components, tools, kits, etc., etc.

Send this coupon to:

LST ELECTRONIC COMPONENTS LTD
MAIL ORDER DEPT RC

7 COPTFOLD ROAD

BRENTWOOD

ESSEX

Please send your '‘cat'’ to
Name: .........................

Address:

THE RADIO CONSTRUCTOR
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LATEST
BOUND VOLUME
No. 23
“The Radio :}fonstructor”

FOR YOUR LIBRARY

AUGUST 1969
to JULY 1970

Comprising
772 pages
plus index

PRICE £1.88 Postage 28p

/ol Kk FAST EASY
WAY TO LEARN BASIC
RADIO & ELECTRONIGS

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!

and what's more, you

. . A 14-year-nld could understand
will understand exactly what

and benefit from this Course -

BOUND VOLUME NO. 24
OF
“THE RADIO CONSTRUCTOR”

The bound edition of the volume just com-
pleted, No. 24, August 1970 to July 1971,
will be available in early October.

PRICE £2.00 Postage 28p

you are doing. The TECHNA-
TRON Outfit contains every-
thing you need, from tools to
transistors - even a versatile
Multimeter which we teach you
to use. All you need give is a
little of your spare time and
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 teachin course,
but the training is as %ascinating
as any hobby and it could be the
springbnard for a career in Radio
and Electronics.

FREE

BRITISH INSTITUTE
OF ENGINEERING
TECHNOLOGY

but it teaches the real thing. The
easy to understand, practical
projects - from a burglar-alarm
to a sophisticated Radio set -
help you master basic Radio
and Electronics - even if you are
a ‘non-technical’ type. And. if
you want to make it a career,
B.I.LE.-T. has a fine range of
Courses up to City and Guilds
standards

New Specialist Bookiet

If you wish ta make a career in
Electronics, send for your FREE

copy of 'OPPORTUNITIES IN
TELECOMMUNICATIONS / TV

AND RADIO’. This brand new
booklet - just out - tells you all
abnut  TECHNATRON  and
B.l E.T.'s full range of courses.

We regret all earlier volumes are now

completely sold out.

Available only from

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

SEPTEMBER 1971

Dept. B9, ALDERMASTON COURT, READING RG7 4PF

POST THIS COUPON FOR FREE BOOK

-----—--------—--—'4
Please send books and full informatinn — free and without I
obligation.

. AGE. ..
|

OCCUPATION
I To B.I.E.T. Dept B9, Aldermaston Court, Reading RG7 4PF I

Y ¥ T ¥ ¥ ¥ ¥r v ¥ ¥ ¥ ¥ W ¥ W ¥ ¥ 1}
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RSGB BOOKS FOR YOU

VHF-UHF MANUAL
By G. R. Jessop, C.Eng., M.LLE.R.E., G6JP

2nd edition. Considerably enlarged and revised.

Transmitters, receivers and test equipment for use
a: 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. Compiete

NEW R.M. BOOKS

LOW GOST
PROPORTIONAL

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

coverage of the technical & constructional fields.
A superb hard-bound volume. £3.50 post paid

A GUIDE TO AMATEUR RADIO Theoretical diagrams.

@
By Pat Hawker, G3VA @& Component lists.
Fourteenth edition. 100 pages. o
The latest edition of this indispensable aid to all
who want to know more about amateur radio.

Designed to assist the newcomer to this unique @
hobby. Revised and expanded. 47p post paid

® Over a dozen special circuits.

Full-size and twice-size practical
diagrams.

Full-size and twice-size Printed Circuit

) designs.
These are three of a complete range of technical
é)ub/ications, log books and maps, all obtainable ® Clear description of operation of each.
rom:

RADIO SOCIETY OF GREAT BRITAIN
35 DOUGHTY STREET, LONDON, WC1N 2AE

@ 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
englne control.

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

THE SINGLETSET

Stage-by-stage instructions to builda . . .
#& Single channel transmitter
@ Superregen receiver

@ Superhet receiver

All clearly iilustrated with actual-slze and eniarged
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

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 Py
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 available
separately. Send 5p for circuit and construction details.

WAH-WAH
PEDAL KIT

4. 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) converting
It to Wah-Wah operation. This pedal is in strong fawn plastic an
fitted with output lead and screened plus. elective amplifier
module kit (l.fS. 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
channe!l 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, circujts, etc., and
SPECIAL DISCOUNT ORDER FORM.

@& WILSIC ELECTRONICS LTD.

6 COPLEY ROAD, DONCASTER, YORKS

70 B THE RADIO CONSTRUCTOR
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BlI-PRE-PAK

LIMITED

FULLY TESTED AND MARKED

AC107 .15 OC140 a7
AC126 a3 0Ci70 23
AC127 A7 0C171 .23
AC128 13 0C200 .25
AC176 .25 0C201 .25
ACY17 .15 2G301 A3
AF139 13 2G303 .13
AF186 37 2N711 .50
AF239 .37 2N1302-3 .20
BC154 .25 2N1304.5 .25
BC171 2N1306.7 .30
= BC107 .13 2N1308-9 .35
BC172 BCl113 .10
= BC108 .13 Power
BF194 .15 Transistors
BF274 .15 0C20 .50
BFY50 .20 0cC23 .30
BSY25 37 0C25 .25
BSY26 W13 0C26 .25
BSY27 A3 0C28 .30
BSY28 .13 0C35 .25
BSY29 13 0OC36 37
BSY95A a3 ADI149 .30
OC41! 13 AUY10 1.25
OC44 A3 2N3055 63
OC45 .13 S034 .25
oC71 .13 Diodes
OC72 A3 AAY42 .10
0C73 a7 OA95 .09
[0 )] .13 QA79 .09
OC81D .13 [e7.X:1] .09
OCl139 A3 IN914 .09

Packs of your own choice
up to the value of .50
with orders over £4.

FREE!

CLEARANCE LINES

- 1=-10 10-50 50+
SL403D Audio Amp. ... 2.00 1.95 1.80
IC. 709C Linear Opp. Amp. 50p 40p 35p
A.E.l. Fully marked and
cested Gates ... .. 25p 22p 20p
A.E.l. Fully marked and
tested Flipflops . 50p 40p 30p
OC71/72, Fully tested, un-
marked ... o S5p S5p 4dp
Matched Sets, 1.0C44,
2-OC45, Per set .. 25p 20p 15p
Matched Sets, OC45, Ist
and 2nd I.F. Per set ... 1Sp 12p 10p
TIC45 Thyristors .6A, 60V
Texas ... - v 15p 15p 12p
OA47 Gold bonded Diodes,
marked and tested ... 3p 3p 2p
IW Zener Diodes 6.8, 7.5,
24, 27, 30 and 43 volts Sp 4p 3p
10W Zener Diodes 7.5, 11,
13, 20 and 100 volts ... 20p 17p 15p
Micro Switches, S/P, C/O,
popular size .. .. 25p 20p 15p
1 Amp. Bridge Rectifiers,
25V, RMS .. . 25p 22p 20p

1 Amp. Plastic Rectifiers. These are voltage,
reverse polarity and other rejects from the
BY127 range. Ideal for low voltage Power
Units, etc. Price: £1 per 100.

COLOUR T.V. LINE OUTPUT TRANSFORMERS
Designad to give 25KV when used with PL509
& PYS500 valves. As removed from colour
receivers at the factory.

ONLY £1 each. Post and Packing .25

0C200/203 range.
the 2N3702/3 and 2N4059/62 range.

9,10, 11 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-5 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

% 4Dre Sl S 50p
T4 N ek 50p
S5 T0 Rt Sty el % 50p
7200 el Criie e 5 S0P

weight

H4 Mixed Resi . P 10p.
250 A;;:erox. eqs:‘sat:trisq’ :::t:g:ed l‘?ysop

weight

7 4Q Yirewound Resistors MixedS0p
HS 4 ?g(;oUPR/i."lRaerﬁsﬁ. plastic SOP
w2 e 50p
"2 20 N e S0P
H18 Io %le{rﬁ l.lGneC:r:.ed black gla:ssop
" 10 g Pt e 50p
M8 20 OS200[' Y3 PP siticon 50p
H29 20 cool;g r%?:'gz bonded diodes soP

F.E.T. PRICE
BREAKTHROUGH ! ! !

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

Data sheet supplied with device.

1-10 = 30p, 10.50 - 25p, 50 plus - 20p.

BULK BUYING CORNER

NPN/PNP Silicon Planar Transistors, mixed
untested, similar to 2N706/6A/8, BSY26-
29, BSY95A, BCY70, etc.

£4.25 per 500, £8.00 per 1,000.

Silicon Planar NPN Plastic Transistors, un-
tested. similar to 2N3707-11, etc.

£4.25 per 500. £8.00 per 1,000.

Siticon Planar Diodes, DO-7 Glass, similar
to OA200/202, BAY31-36.

NEW UNMARKED UNTESTED PAKS

MAKE A REY. COUNTER for your Car. The
'TACHO BLOCK'. This encapsulated block wilt
turn any 0-1mA meter Into a perfectly linear
and accurate rev. counter for

equiv. to OA200, OA202.

B3¢ 50 Sil. Diodes sub. min. IN914
& IN916 types.

.50

B80 Dual T 9 hed O/P

paui:s Nlr’w.sSir;lr:cT(Q)-S ca/n. 50 fany car. £1 each
B83 200Trans. Makers rejects. NPN/ 5

PNP. Sil. & Germ. O R
B84 ](QSilicon Diodes DO7 ghass 50 FREE CATALOGUE AND LISTS for:

ZENER DIODES
TRANSISTORS, RECTIFIERS

1 Amp. Miniature Plastic Diodes
1N4001 500+ 3p each. 1,000+ 3p each.
1N4004 500+ 5p each., 1,000+ 4p each.
1N4006 500+ 6p each. 1,000+ 5p each.
1N4007 500+ Bp each. 1,000+ 7p each.

SEPTEMBER 1971

BI-PRE-PAK LTD

750mA. Mixed volts.

Experimenters’ Pak of Inte-

grated Circuits. Data suppd. *

H20 20 2YI26/7 type Silicon Recti-
e

rs. VA plastic to 1 000v

H16

www americanradiohistorv com

£4.50 per 1,000. .11 Sil.  Trans. NPN, PNP.
NPN/PNP Silicon Planar Transistors, Plas- gquivalent to 0C200/1, 50 FULL PRE-PAK LISTS
tic TO-18, similar to BCI13/4, BCIi53/4, 2N706A, BSY9SA, etc. & SUBSTITUTION CHART
BF153/160, etc. 860 10 7  Watt Zener Diodes.
£4.25 per 500, £8.00 per 1,000. Mixed voltages. .50
OC44, OC45 Transistors. fully marked and H6 40 250mW. Zener Diodes §() & MINIMUM ORDER .50 CASH WITH
tseos‘;e I 8 h. 1,000 pl t6 h DO-7 min. Glass Type. ORDER PLEASE. Add .10 post and packing

plus at 8p each. 1, plus at 6p each. H10 2K Mixed volts 1} watt Zeners. §() d OVERSEAS ADD EXTRA FO
OC71 Transistors, fully marked and tested. Top Hat type. B PENOnC el r
500 pius at 6p each. 1,000 plus at 5p each. B66 150 High quality Germ. Diodes. 50 POSTAGE.
%ﬁ‘2338E23Field |effect Transistors. This is the Min. glass type B

in_ plastic case. R .

500 plus, 13p each. 1,000 plus, 10p each. | H15 30 Top Hat Silican Rectifiers. 50

P.O. RELAYS

Various Contacts and Coil
Resistances. No individual

8 ror
£1

selection. Post and Packing .25

FREE! A WRITTEN GUARANTEE WITH ALL OUR TESTED SEMICONDUCTORS

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

of obtaining components

HOME RADIO (Components) LTD.
Dept. RC, 234-240 London Road,
Mitcham CR4 3HD. 0/-648 8422

Y

quickly & easily

CALL AT No.240
London Rd.,Mitcham

If you live within easy reach of Mitcham or are in the
area at any time do call on us. We are almost opposite
Mitcham Baths. We open 9 a.m. every weekday. On
Wednesdays we close 1 p.m. and all other days,
including Saturdays, 5.30 p.m. On Saturdays we have
extra staff to deal with queries. We carry a vast stock
of components, and 999 times out of a 1,000 we can
immediately lay our hands on the particular item
required.

JOIN OUR CREDIT
ACCOUNT SERVICE

We began our Credit Account Service about 18 months
ago and it has proved extremely popular. Little wonder!
Our customers find it a very simple and convenient
way of purchasing all their radio and electronic needs.
We supply pre-paid envelopes and order forms and no
matter how many orders you send us you make only
one payment per month. There are several other
advantages with our Credit Account Service. Please
write or phone for details.

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

72

. and

ORDER BY MAIL
OR TELEPHONE

Although we are kept busy selling “over the counter”
we supply even more by Mail Order. You can telephone
any time of day or night, Sundays included. If you ring
out of office hours a recording machine takes your
message for us to deal with as soon as we open shop
again. Our number is 01-648 8422. If you wish to order
by post our address is in the panel at the top of the
page. We deal with all orders promptly.

WHICHEVER WAY
YOU CHOOSE you
need the Home Radio
Catalogue

In its 315 pages are
listed over 8.000 compo-
nents, over 1,500 of
them illustrated. Each
copy contains 10 Vou-
chers, each worth 5p
when used as instructed.
Free Supplements are
supplied regularly to
keep you up-to-date. The
Catalogue costs 50p
over the counter, or 70p
including postage and
packing.

Post this Goupon with
GCheque or P.0. for 70p

| HOME RADIO (Components) LTD. :
:_ Dept. RC, 234-240 London Road, Mitcham CR4 3HD i

' THE RADIO CONSTRUCTOR
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~Radio Constructor

Incorporating THE RADIO AMATEUR SEPTEMBER 1971

Vol.25 No.2 CONTENTS
Published Monthly (1st of Month) HIGH IMPEDANCE TRANSISTOR
First Published 1947 PRE-AMPLIFIER 74
NEW ELECTROMETER DEVICE 76
Editorial and Advertising Offices RECENT PUBLICATIONS 77
57 MAIDA VALE LONDON W9 7SN BRAKE LIGHT FAILURE INDICATOR 78
Telephone Telegrams CAN ANYONE HELP? 79
01-286 6141 Databux, London MAINS FAILURE INDICATOR
(Suggested Circuit No. 250) 80
©DatalPubeication§ Ltd., 1971. %ontents NEWS AND COMMENT 82
o} produced after obtainin
gr?gr ge};miis{gnrfroumeth: Eec;itor. Sho?t AUTOMATIC MORSE PRACTICE KEYER 84
abstracts ork references aref allowable GETTING STARTED ON TWO METRES 86
Do ed acknowledgement of source s THE SURFACE CHARGE TRANSISTOR 88
Annual Subscription: £2.70 (U.S.A. and DODGES WITH DIODES 89
Canada $6) igcludigg posttz;xlgei R%mtit- QsSX 91
t hould eto"
Publications  Ltd" Overseas  readers METERLESS BETA TESTER 92
please pay by cheque or International NOW HEAR THESE 95
M Order.
oney e Z . i SEMICONDUCTOR GATE-DIP OSCILLATOR 96
Technical jes. regret that
a?g ur:wlgta)le t:ixrriiwer <$uerigs othezr‘l thv;r? LATIN AMERICAN QUEST - 6 104
those arisin‘g from articles appga.ring in NEW PRODUCT 107
hi vi on
o (8 AR Carerr SIMPLIFIED SEQUENTIAL LATCHING
We regrgt that suchh quelriesh cannothbe CIRCUIT 108
t ot
R %X%%meﬁ in g and CURRENT SCHEDULES 109
cc i st d add d
B e e IN YOUR WORKSHOP 110
EXTRACTS FROM A DOTTY DICTIONARY 116
Correspondence should be addressed to
the Editor, Advertising Manager, Sub- DIODE POLARITIES 117
iption M the Publish
appropriate. D0 Of fhe Fublisners as TRADE NEWS 118
Opinions expressed by contributors are RADIO TOPICS 119
not n_e(t:essarily those of the Editor or LATE NEWS & LAST LOOK ROUND 121
proprietors.
RADIO CONSTRUCTOR’S DATA SHEET
Production.—Letterpress. No. 54 (Potentiometer Track Currents) iii
FEtienes batn Publications L1, o7 Marda vl OCTOBER ISSUE WILL BE
ndon, W9 15|
#:ed}o?adio (;onlitrucror is printed by Kent Paper PUBLISHED ON OCTOBER 1St
Company Litd, London and Ashford, Kent.
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HIGH IMPEDANCE
TRANSISTOR
PRE-AMPLIFIER

by
G. W. SHORT

This versatile low-level audio pre-amplifier with an input
impedance of 9MQ is suitable for matching crystal micro-
phones to transistor power amplifiers or for use with an

oscilloscope or a.c.

voltmeter.

Constructors with the

requisite test gear may set it up for a precise level of gain

to use when a high input im-

pedance amplifier is required
is the field-effect transistor. How-
ever, if operation at audio frequen-
cies is all that is needed it is pos-
sible to get acceptable results from
ordinary transistors, which are
cheaper and electrically more ro-
bust.

It is true, of course, that ampli-
fiers made with ordinary p.n.p. or
n.p.n. bipolar transistors don’t
usually have high input impedances.
One reason is that such devices, as
normally operated, naturally have
a lowish input impedance. Another
is that even if their input impedance
is made high by emitter feedback or
some other trick it is generally re-
duced again by the presence of .a
base bias resistor or resistance net-
work.

NOWADAYS THE OBVIOUS DEVICE

REDUCED COLLECTOR
CURRENT

There are various ways out of
this problem, but by far the sim-
plest is to reduce the collector cur-
rent of the input transistor to a
very low value — a few microamps.
This kills two birds with one stone.
Lowering the collector current
automatically increases the input
impedance — that is a property of
bipolar transistors. Equally, lower-
ing the collector current calls for a
reduced base current and enables
a high-value bias resistance to be
used. The input impedance can if
necessary — and it is necessary for
our purposes — be further increased
by applying the right kind of nega-
tive feedback. All these techniques
are used in the circuit of Fig. 1,
which has also been designed for

low noise and insensitivity to supply
voltage variations. But before going
into details let us first discuss the
amount of amplification we can
make practical use of.

GAIN REQUIRED

Noise always imposes a limit on
the amount of gain which can be
usefully employed. Few constructors
arec aware of the magnitude of
inevitable noise voltages in audio
circuits. Let us forget about tran-
sistor noise for the time being and
reflect on the fact that noise is
generated by every resistance in a
circuit, including the resistance of
the signal source itself. There is such
a thing as a low-noise resistor, but
no such thing as a no-noise resistor,
unless you are prepared to cool it
to absolute zero, by which time it
will probably have become a super-
conductor anyway instead of a resis-
tor. At all normal temperatures, the
thermal agitation of the molecules
produces thermal noise, and we are
stuck with it.

This thermal noise sets a limit to
the signal-to-noise ratio at the ampli-
fier input. Only when we have satis-
fied ourselves that this is adequate
need we worry about amplifier
noise. The amplifier does, inevit-
ably, degrade the input signal-to-
noise ratio. The amount by which
it does so is called the ‘noise factor’
of the amplifier. For example, if the
noise factor is 10dB then an input
signal-to-noise ratio of 60dB gives
an output signal-to-noise ratio of
50dB. A good audio amplifier will
have a noise factor of 3dB or less.

In the present case we need an
amplifier for signals from high im-
pedance sources. If the source has
a resistance of 1MQ, then the ther-
mal noise of the source itself, inte-
grated over the whole audio band,

i [ |
+9v
J (O 7mA)
Rq = e
r 2N4289
Ry =
1 . > i ; :
BC1698 b b
or BCI69C
< TR, : BCI69B  2N4289
i £ BC169C —@ Cq BCI69C
] — ou
=R J 350 i
- A
- J T LLLY)
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Co mm =R3 tc 5 =

L

Fig. 1. High impedance pre-amplifier, giving low noise and stable gain over the entire audio

range
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is about 154V. If the input signal-
to-noise ratio is to be 60dB, then the
input signal must be 60dB up on
154V, which means a signal of
I5mV. This is a comparatively large
signal, so the amount of amplifica-
tion which will be needed for most
practical purposes will be small.
Suppose our pre-amplifier is to drive
a power amplifier with a drive re-
quirement of 100mV. The gain
needed is only 7.

The circuit of Fig. 1 gives a gain
of 10 with an input impedance of
9mQ. The output impedance is low.
It is possible, as described later, to
raise the gain to 100 at the price of
reducing the input impedance to
some 2MQ. In this way the con-
structor can adapt the basic circuit
to his particular needs.

CIRCUIT DESIGN

The input transistor is all-import-
ant. It must have low noise and high
gain even at the very low collector
current of SuA. A silicon planar
type is the obvious choice, and fort-
unately suitable transistors are not
expensive. The type used here is
BC169, in the high-gain selection
known as BC169C. The makers’
data sheet gives a typical current
gain of 600 at Ic=2mA, and experi-
ments show that, even at micro-amp
collector currents, values of 100 or
more are usual.

The BCI169C (TRI1) is directly
coupled to a high-gain p.n.p. silicon
type, 2N4289 (TR2), and this in turn

COMPONENTS

V Resistors

(All 1 watt high stability
107 . See text for alternative
values to give different
amplifier performance.)

R1 10MQ
R2 1MQ
R3 2.7TMQ
R4 120kQ
RS 10k
I Rr6 47ko
R7 100kQ
R8 10k
Capacitors

(All working voltages equal
to or greater than supply

voltage.)
C1 0.014F
C2  0.14F

C3 S0uF electrolytic
C4  SOuF electrolytic

Transistors
TR1 BC169C
TR2 2N4289

TR3 BC169B or BC169C

is directly coupled to another BC169
(TR3), connected as an emitter-fol-
lower to provide the low output
resistance of about 1002. TR1 pro-
vides only a small voltage gain,
and TR3 none at all. Most of the
gain comes from TR2. (The transis-
tors specified are available from
Amatronix Ltd., 396 Selsdon Road,
South Croydon, Surrey.)

Without feedback, the overall
gain would be 1,000 or more, and
the input impedance about 500ke.
Negative feedback via R7 and RS
reduces the gain to approximately
10 and raises the input impedance
of TR1 to a very high value, in the
region of 100MQ. The input is still
shunted by R1, however, so the net
input impedance is a little less than

PERFORMANCE

The frequency response is flat from
10Hz to 100kHz, with 10kQ load at
the output. At zero frequency (d.c.)
the impedance of C3 is infinite and
raises the negative feedback to virt-
ually 100%. This stabilises the d.c.
operating conditions very effec-
tively. The voltage at TR3 emitter
is about 6V d.c. This is the con-
dition for maximum output (1.5V
r.m.s. sine wave) to a 10kQ load.
However, the circuit can still deliver
300mV r.m.s. even if the supply
voltage is reduced to 3V, so immun-
ity to minor variations in battery
voltage is guaranteed.

If R3 is reduced to 1M, the
circuit can be used at voltages
above 9V. Indeed, it can still be
used at 9V, with reduced output
(1V r.ms.) and drain (0.4mA) but
this is not recommended since pro-
tection against tired batteries is
then less good. With this modifica-
tion, the supply voltage can be
taken up to 30V. The supply cur-
rent drain and circuit voltages vary
as the supply voltage is changed
but the gain and input impedance,
being mainly set by feedback, do
not vary appreciably. In a word,
if you want to use the circuit at
more than about 12V, change R3
to 1MQ.

DIFFERENT LOADS

The circuit can be adapted for
different loads.

If the pre-amplifier has to drive
a load of much less than 10kQ it
may not be able to deliver enough
output. In this case, reduce R8 so

" that it is equal to, the load required.

Values down to 1kQ may be used
provided that the supply voltage is
9V. Supply drain increases in con-
sequence: R8 still has 6V across it
so a value of 1kQ calls for 6mA
through TR3, and so on.

When used as an oscilloscope or
meter pre-amplifier it may be that
the load is very high in resistance.
In this case, if desired, the maxi-
mum output can be raised to 2V
r.m.s. into 100k or more by chang-
ing R3 to L.2MQ.

GAIN ADJUSTMENT

For some purposes it may be use-
ful to set the gain to a precise
value, such as exactly 10 or exactly
100, while for others some general
degree of gain adjustment may be
needed. This can be carried out
by changing RS or R7. These resis-
tances set the negative feedback.
If the amplifier had infinite gain
without feedback the gain would be
set at exactly (R5+R7)/RS5. In the
practical case the gain is always
less than this, but at low gains the
approximation is good. To set the

gain, first calculate the required
value in RS from the formula:
R7
RO=A-T

where A is the voltage gain wanted.
Then install a pre-set variable resis-
tor of this value in the RS position,
and adjust. The best method of
adjusting for a definite A is to use
an attenuator as a standard, as
shown in Fig. 2. If the attenuator is
put ahead of the amplifier and set to
reduce the signal to 1/A of its input
value, then the amplifier will restore
the signal strength if its gain is A. In
this case, VX = Vy. These voltages
should preferably be measured on
the same (high impedance) meter,
since any meter error does not then
affect the accuracy of the result. The
pre-set resistor used for RS should
preferably be wirewound; RS is
effectively in series with the signal
as far as noise goes and some car-
bon pre-set resistors are noisy.

T

|| Audio |_ Attenuator
sig - 1
gen /‘ A
Vi

= Pre~ amplifier 1—||I—r- Output ;

Fig. 2. Set-up for gain adjustment to a precise value. When the

l VIY
WY Rg

solcrllcgltft and output phono amplifier just compensates for the loss in the attenuator, Vx Is
sockets equal to Vy
e e ]
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It should be remembered that as
the gain is raised the input imped-
ance, frequency response and gain
stability against supply and com-
ponent variations all suffer. At
A =100, probably the maximum
for meter applications, input imped-
ance is 2MQ and response is —3dB
at 8Hz and 30kHz.

HIGHER INPUT IMPEDANCE

If an input impedance of more
than 9MQ is required, increase RI,
if necessary correcting the d.c. con-
ditions by adjusting (raising) the
value of R3 to give 6V at the emit-
ter of TR3. (Or, in the case of
supply voltages of other than 9V,
or of the version with R3=1.2MQ,
to give just over half the supply volt-
age.) The conventional method of

raising the input impedance, i.e. by
‘boot-strapping’ R, is not recom-
mended for this circuit.

NOISE FACTOR

The noise factor is not definable
unless the signal-source resistance
is specified. For this amplifier, the
best performance (noise factor =
2dB approx.) is obtained with a
signal source impedance of 100k,
but it remains very good for the
range 10k$2 to 1MQ. On the face of
it, this seems not to be compatible
with such sources as crystal micro-
phones, which are associated with
higher impedances. However, we
must remember that a crystal trans-
ducer is electrically capacitive. It
behaves as if it were a signal volt-
age in series with a rather lossy

capacitor. This lossy capacitor can
be represented at any one frequency
as a loss-free pure capacitance in
series with a resistance. It is the
resistance alone that produces noise,
and so long as it lies in the fairly
wide range of 10k to IMQ the
noise factor remains low.

CONSTRUCTION

It is important to remember that
a high input impedance invites hum,
and that hum voltages are every-
where inside buildings wired with
a.c. mains. Even though the pre-
amp is battery-driven the input
cable, etc., can pick up hum. So put
the circuit in a metal box and
screen the input cable. For the cir-
cuit itself any of the normal con-
structional methods may be used.

NEW ELEGTROMETER
DEVICE, MBH1

by
M. J. DARBY

A semiconductor device which outperforms
the electrometer valve and the MOST

F A DEVICE IS REQUIRED WHICH WILL AMPLIFY VERY
high impedance signals, an electrometer valve is
usually selected. Such valves can operate with

input currents of about 107A, but they have the
disadvantages that they are physically large by
modern standards and are not so robust as semicon-
ductor devices when they are subjected to the
forces associated with rocket launching, etc.

Vibrating capacitor electrometer instruments can

operate at extremely small input currents, but their
bandwidth is limited and they are relatively large.

Recently a new semiconductor electrometer device

has been developed by D. W. J. Barker (Portsmouth
Polytechnic) and B. L. Hart (North East London
Polytechnic) in collaboration with Marconi Micro-
electronics (Witham). It is expected that this device
(which is designated by the symbol MBHI1) will be
capable of operating at currents of about 10™A -
which is lower than the grid current of good electro-
meter valves.

CHARGE LEAKAGE

The development of metal-oxide-silicon-transistor
devices (MOST’s) has produced semiconductor de-
vices which are potentially useful in very high imped-
ance circuits. However, leakage of charge from the
input gate electrode through the bulk of the encap-
sulating material and also across the surface of this
material increases the input current. The resulting
leakage currents are dependent on the cleanliness of
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the outside surface of the device and on the humid-
ity; such factors are not under the control of the
device manufacturer.

The MBHI employs a dual MOST device, but is
used in circuits which keep the metal casing of the
device at the same potential as that of the input gate
electrode. It can also be arranged that the drain to
gate voltage is zero. With no driving voltage across
the material between the gate and its surroundings,
virtually no leakage current flows. In addition, the
gate current is virtually independent of the outer sur-
face contamination and the humidity.

The MBHI is expected to have important applica-
tions in certain types of nuclear instruments, in pH
meters and in other instruments which must operate
with very small input currents.

It is interesting to note that the charge of an elec-
tron is 1.602 x 107 coulomb. A current of 107A
therefore corresponds to a flow of less than 1,000
electrons per second.

&
.

“Excuse me young man, but could you turn that
thing down a bit — I'm a musician.”
==z

THE RADIO CONSTRUCTOR

www americanradiohistorv com


www.americanradiohistory.com

REGENT PUBLIGATIONS

MANUAL OF SOUND RECORDING. By John Aldred, M.B.K.S.T.S.
269 pages, 6 x 8%in. Published by Fountain Press Ltd. Price £3.50.

This is a second and enlarged edition of a work that originally appeared in 1963, and it is necessary to
read only a few of its pages to realise that the author is patently an expert in the field of sound recording and
that he is writing from a wide background of practical experience. Indeed, the book opens with a photograph
of Mr. Aldred seated at a recording console whilst an orchestra plays the background music for a film.

The book commences with chapters on basic sound and electrical principles, magnetic recording and
reproduction, disc recording and reproduction, microphones, amplifiers, filters and loudspeakers. Subsequent
subjects are recording studios, the recording of music, stereophonic sound, motion picture sound and micro-
phone techniques. There is also an Appendix listing reference books, test discs, test tapes (including azimuth
and alignment tapes), test films, and standard tape and film dimensions.

The approach is essentially practical with little recourse to mathematics, and the book will be of value to
the professional sound recordist. It will also make fascinating reading for the home recording enthusiast, since
it opens the window on the professional world and offers much advice that will be of advantage to the amateur.

PRINCIPLES OF TELEVISION RECEPTION. By W. Wharton, C.Eng., F.I.E.E., and D. Howorth, B.Sc.Tech.,
C.Eng., M.LE.E. 304 pages, 5} x 8%in. Published by Pitman. Price £1.40.

This book, a title in the Pitman Paperbacks series, appears here in its first paperback edition. It was pre-
viously published in 1967.

in ‘Principles of Television Reception’ the authors set out to provide a brief explanation of the fundamentals
of high-definition television, together with a concise account of the circuits, techniques and systems involved.
As a result the volume tends somewhat to fall into the category of reference book in that the reader may consult
it for facts and figures concerning specific aspects of television. This factor does not detract from the book's
usefulness: virtually the whole gamut of television reception in both monochrome and colour is covered and
every item is dealt with in a clear and crisp manner.

It may be added that the first of the two authors is a member of the B.B.C. Transmitter Planning and
Instaliation Department, whilst the second is a member of the B.B.C. Research Department. This background
is, of course, more than adequate to ensure that the book is both accurate and authoritative.

SOLID-STATE DEVICES AND APPLICATIONS. By Rhys Lewis, B.Sc.Tech., C.Eng., M.L.E.E.
264 pages, 5% x 8%in. Published by Newnes-Butterworths. Cased price £3.00, limp price £2.00.

This book is intended primarily for technicians, students who are about to enter or who have aiready entered
the final stages of courses such as the Higher National Certificate in Electronics, or for those who have com-
pleted these courses in recent years and wish to bring their knowledge up to date. However, it will also have
a general interest for all those who are concerned with discrete semiconductor devices, integrated circuits
and logic applications at fairly advanced level.

The bock opens with a chapter on semiconductor fundamentals, then proceeds to diodes, bipolar and uni-
polar transistors, and to integrated circuits. We next see the devices at work in a.f. and r.f. amplifiers, and
in d.c., wideband and operational amplifiers. After a chapter on sinusoidal oscillators, modulation and detector
circuits, we proceed to logic circuits, these including RTL, DTL and TTL logic, emitter-coupled logic and metal-
oxide semiconductor logic, together with the full family of flip-flops. The following chapter, on power appli-
cations, is mainly concerned with thyristor circuits. There are, finally, three chapters covering transistor para-
meters and equivalent circuits, and Boolean algebra fundamentals and applications. Three appendices, on the
binary system, binary-coded decimal systems, and the efficiency of Class A and Class B amplifiers, complete the
text. There is an extensive and helpful index.

TV TECHNICIAN’'S BENCH MANUAL. By G. R. Wilding.
182 pages, 5} x 8%in. Published by Fountain Press Ltd. Price £2.50.

This book is intended to meet the requirements of the TV service engineer in a form which presents the
maximum amount of servicing information in the minimum of reading time. Written by an author who has had
many years of practical experience in the servicing of television receivers, gach chapter, which deals with a
specific section of the television receiver, gives first of all a brief description of the circuits concerned and
then carries on to describe the faults that are liable to occur and their causes in order of probability. .

The text is liberally backed up by circuits taken from manufacturers’ service manuals, and particular
aspects of individual manufacturers’ designs are fully discussed. Both valve and transistor circuits are dealt
with. The first nine chapters in the book cover monochrome receivers, whilst the last three chapters are devoted
to colour receivers. . . )

“TV Technician's Bench Manual' is a practical book intended for p(actlcal engineers, and it has a down-
to-earth and concise style which will particularly appeal to the busy serviceman for whom time spent in fault-
finding represents the greatest economic hazard in his work.

SEPTEMBER 1971 77

www americanradiohistorvy com


www.americanradiohistory.com

BRAKE LIGHT
FAILURE INDICATOR

by

P. W. HAND

A simple answer to a problem that affects all car-owners

T IS TRULY ESSENTIAL TO ENSURE THAT BOTH BRAKE
lights of a vehicle are operating correctly. It is
surprising the delay which can occur before

drivers realise that a vehicle in front is slowing down
when its brake lights are not functioning properly.
Also, a single brake light may be, and often is, easily
confused' with a direction indicator.

DRY REED SWITCH

The unit to be described indicates to the driver
of the car in which it is installed that both brake
lights are functioning correctly. It consists basically
of a dry reed switch fitted in a coil inserted in series
with the brake light circuit, as shown in the accom-
panying diagram. The current in the coil is sufficient

Operating quk.c light
Su il switch
pply from col To brake
ignition switch "~ lights

Dry reed

switch Indicator

lamp

~ Car chassis

The simple circuit employed for the brake -
light failure indicator

to close the dry reed switch contacts only when both
brake lights are drawing current. Some experiment is
required in finding the number of turns needed in the
coil for the particular dry reed switch employed. The
circuit is fail-safe, since open-circuit of the coil, or
failure of the dry reed switch or brake switch con-
tacts to close will cause the indicator lamp to remain
extinguished, thereby indicating that something is
wrong. Should the dry reed switch or brake switch
contacts remain closed for any reason the lamp will
light continuously, again indicating a fault.
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The dry reed switch should be selected to carry the
indicator lamp current, plus extra to allow for the
cold switch-on resistance of its filament. For in-
stance, a 12 volt 2.2 watt lamp draws about 0.18 amp
when illuminated. A wide range of dry reed switches
is available on the home constructor market includ-
ing one (Home Radio Cat. No. WS240) which has
contacts rated at 500mA. The dry reed switch em-
ployed by the author was an unmarked manufac-
turer’s surplus type, and this has given no trouble
in practice.

The dry reed switch and operating coil are
mounted on a strip of plain Veroboard

COIL TURNS

Dry reed switches, even of the same type, vary in
the ampere-turns required to operate; also the maxi-
mum voltage in different makes and models of
vehicle will be slightly different. In consequence, the
number of turns in the coil should be determined
empirically in the following manner, which applies
to 12 volt vehicles only. The design has not been
checked with 6 volt cars, although it would seem
reasonble to expect that a coil with thicker wire and
fewer turns should be satisfactory.

A test coil of 18 s.w.g. enamelled copper wire is
close-wound in a single layer with 25 turns, the
internal diameter being sufficient to allow the dry
reed switch to be inserted without binding, say with
a clearance all round of 0.01in. The coil is self-sup-
porting and should be positioned centrally along the
length of the switch. It is next connected into the
brake light circuit as shown in the diagram. Discon-
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The dry reed switch and coil assembly. The
coil shown here has been covered with tape

nect one brake lamp, then run the engine of the car
at such a speed as to produce the maximum voltage.
(In the author’s case this was 14.7 volts.) If possible,
menitor this voltage and also the current through
the coil.

Next, the brake pedal is depressed. If the dry reed
switch fails to operate, a coil with more turns, say
30, should be wound. Once the dry reed switch Is
operating, the turns should be reduced one at a time
and the circuit tested each time until the dry reed
switch closes momentarily and opens again whilst
the coil is kept energised. The momentary closing
of the contacts is due to the initial surge of current
due to the cold resistance of the brake lamp. One more
turn is now removed. It is important that with only
one brake light connected and with the maximum
voltage that the dry reed switch closes only momen-
tarily. This condition was fulfilled in the author’s
case with a coil of 20 turns.

The current taken by two 12 volt 21 watt lamps is
3.5 amps, but at 14.7 volts the measured current was
4 amps. It is not unusual for the potential of a car
battery to fall as low as 9 volts and at this voltage
the current is about 3 amps. This current will still be
sufficient to operate the dry reed switch.

CONSTRUCTION

The coil and dry reed switch are both mounted on
a small piece of plain 0.15in. Veroboard without cop-
per strips measuring 3.3 by 0.7in. This can be clearly
seen in the photographs. A medicinal tablet or old
solder tube is suitable to house the device. The
width of the Veroboard depends on the internal

diameter of the tube and should be a nice sliding
fit. The tube should not have an irternal diameter
of less than 0.7in. Two wiring pins are used to solder
the dry reed switch into position. Also shown is the
complete device ready for insertion into the tube.

The indicator lamp was a 12 volt 2.2 watt bulb
fitted in a dashboard lamp holder purchased at a
branch of Halfords.

Since the 18 s.w.g. wire used in the coil may seem
a little light for currents of the order of 4 amps a
test was made to see that no appreciable rise in coil
temperature occurred. The method used was to insert
a mercury thermometer into the tube containing the
unit, maintaining the thermometer in contact with the
coil. A current of 4 amps was passed through the
coil. After a period of three minutes the temperature
increased by 1°F and remained steady for an addi-
tional period of five minutes. The test was repeated
twice, with similar results each time.

e i b

b i o i — 1

The complete unit ready for fitting into its tube

housing. Shown in the centre is an example of

the operating coil. The relatively small size of

the components may be judged from the draw-

ing pin which secures one of the leads in
position

The brake light indicator device has now been in
constant use, without failure, since August 1968 in
a 1966 1500 Ford Cortina.

CAN ANYONE HELP?

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

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

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

TX/RX Type CRI-43044 (TBY8). — D. Byrne,
Kylemore, Endsleigh, Douglas Road, Cork, Eire -
circuit or any information, borrow or purchase.
PCR2 Receiver. — M. V. Davidson, 13 Hartley
Road, Southport, Lancs — circuit, power requirements
or any other details.

Ex-U.S. Army v.h.f. converter type AM-913/TRC. -
K. Dodd, 1 Nansen St., Bulwell, Nottingham - any
information on this unit.

Homelab Signal Generator. — A. E. Walker, 32
Moseley Drive, Marston Green, Birmingham, 37 -
SEPTEMBER 1971

circuit diagram and service sheet Type No. 10 Serial
No. 10042,

Small 2-way intercom. — W. L. Brunsdon, 28 Mead-
foot Road,” Moreton, Wallasey, Cheshire — Simple
wiring diagram to enable construction by bedfast
invalid.

American Signal Generator. — A. E. Harvey, 39
Curlieu Road, Oakdale, Poole, Dorset, BHI5 3RJ -
Manual or circuit, Type No. 1-30-A, Serial No. 68.
Avomeier Ex A. M. Model D. — R. E. Simms, 18
Osborne Drive, Sompting, Lancing, Sussex — Circuit
diagram.
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FAILURE

INDIGATOR

by G. A. FRENCH

available some form of warning

device which provides an indica-
tion when the mains supply at any
particular point ceases. Such a de-
vice can be coupled to the entire
mains supply for a house or work-
shop, or to a single item of equip-
ment under test, its function being
to give warning that the supply has
failed. Failure can result from such
causes as the blowing of a fuse due
to fault conditions or the unantici-
pated opening of a supply connec-
tion.

The warning device to be
described in this article gives an
audible indication when the mains
supply ceases. Its basic mode of
operation consists of having a large-
value capacitor become charged by
way of the mains supply when the
supply is present, the capacitor then
discharging into a necn oscillator
coupled to a loudspeaker when the
supply ceases. This idea, which ob-
viates the necessity of incorporating
a battery, is not new, and the writer
encountered it first in an article by
Frank H. Tooker which appeared in
the Brazilian journal Electronica
Popular* The design in Electronica

IT IS OFTEN DESIRABLE TO HAVE

gram. The unit is capable of being
connected to the live and neutral
lines of a mains supply at any
point.

When the mains supply is present,
the 100xF capacitor Cl charges up
by way of D1 and D2 until the
voltage across its plates is a little
lower than the peak voltage of the
mains. Series resistor Rl is included
merely to function as a surge limit-
ing component. The voltage across
Cl is applied to C2 via R2, where-
upon C2 also charges. However, on
half-cycles when the lower mains
supply line in the diagram is nega-
tive, rectifier D3 conducts and dis-
charges C2 via R3. The result is
that C2 is subject both to charge
and discharge currents, and a rela-
tively low voltage appears across it.

R2
D| 100k
2watts
alt AAAAA

If the mains voltage ceases, the
resistance appearing between the
two supply lines depends upon the
equipment which is connected to
them, and this resistance may vary
from a low to an infinite value (the
latter being given if the supplied
equipment happens to be switched
off). The failure warning unit must,
in consequence, be capable of cop-
ing with all these conditions.

Let us first examine the situation
which exists if, after cessation of the
mains, an infinite resistance appears
across the supply leads. In this
instance C1 cannot discharge via
D1 and D2, but it can discharge
via R2 into C2. C2 is not now being
discharged on alternate half-cycles
by way of D3 and so the potential
on its upper plate goes positive,

Pr VYWY

< C2

Ra
22Mn
ll2wart Cs
O-0O05uF

Popular incorporated an a.c. relay by L. P
which de-energised when the mains [oni® = o3 BuF 2

L D,

h 4 =

supply failed, coupling the large- 350Vwkg 350v = Ika T 3a
H

L

AMAAA

Mains supply

leads R| NE,

120n

b2 33
L ¢

+ Y YYyYy -

value capacitor to the neon oscil- wkg 2watts
lator into which it discharged. How-
ever, the unit to be described here
does not use a relay. Instead, it
employs an all-electronic means of
coupling the large-value capacitor
to the oscillator.

D3

ld
+IN

CIRCUIT OPERATION

The circuit of the warning unit
appears in the accompanying dia-

¢ Frank H. Tooker, ‘‘Alarma Contra Falta
De Energia”, Electronica Popular, Janu-
ary/February, 1971,
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The circuit ot the mains failure

Dj-Dg4 BYIOO
Ri-Rgq 10%
NE; see text

indicator. The loudspeaker

sounds an audible tone when the mains supply ceases
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approaching that on the upper plate
of Cl. There is no circuit between
the plates of C2 capable of provid-
ing a discharge path: although D3
is connected in a manner which
would allow it to pass forward cur-
rent from the positive plate of C2,
the path to the negative plate is
blocked by the reverse-connected
D2.

The other instance to consider is
when, after failure of the mains, a
low resistance is present across the
supply leads. In this case D1 and
D2 become effectively connected to-
gether, both being reverse biased so
far as the flow of discharge current
from Cl is concerned. Again, C2
becomes charged via R2. The only
forward current which could, at
first sight, flow from the upper plate
of CZ is via D3 and D1 to the
upper plate of CIl. But it would
be impossible for such a forward
current to flow because the upper
plate of C2 can never go positive
of the upper plate of C1, from
which capacitor it is receiving its
charge. So, once more, C2 becomes
charged until the voltage across its
plates approaches that across the
plates of Cl1.

It may be secn, therefore, that
whatever resistance appears across
the supply leads after cessation of
the mains supply, C2 (which prev-
iously had a low voltage across its
plates) acquires a high voltage, be-
ing charged from Cl. As soon as
the voltage across C2 passes the
striking potential of neon bulb
NEI, the neon oscillator commences
to function. causing an audible note
to be heard from the loudspeaker.
The neon oscillator runs contin-
ually, its operating voltage being
maintained by the charge originally
stored in Cl. This capacitor slowly
discharges into C2 and, thence, into
the neon oscillator until the voltage
applied to the oscillator becomes
too low to maintain illumination of
the neon, whereupon the oscillator
ceases working. As will be dis-
cussed shortly, the time taken for
C1 to discharge to this level is sur-
prisingly long.

A component not mentioned so
far is rectifier D4. This rectifier is
included because, without it, a
small inverse voltage can momen-
tarily appear across C2 if the device
is connected across the mains sup-
ply with all its capacitors in the
discharged condition. This inverse
voltage could cause damage to C2.

COMPONENT DETAILS

In the prototype circuit checked
out by the author all the rectifiers,
D1 to D4, were type BY100. There
are a number of low-cost near-
equivalents to the BY100 available
on_ the components market, and
these could be employed instead,
if desired. They should have a p.i.v.
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rating of 800. The inverse voltage
appearing across D4 is only some
300 volts, and a slight economy
could be effected by using a recti-
fier with a p.i.v. of 400 or more in
this one particular position. A
BY114 would be suitable. Whilst
dealing with the rectifiers it may
be mentioned, in passing, that the
load remaining across the supply
leads after cessation of the mains
supply could, whilst presenting a
low resistance, also be highly induc-
tive. A typical instance would occur
if the load were the primary of a
large mains transformer, which
might offer a high back—e.m.f. if
it were not sufficiently well damped.
To check that the circuit would
work under such conditions, it was
tested a number of times with the
primary of a large valve receiver
type mains transformer connected
across the supply leads, and with no
circuits connected to the trans-
former secondaries. There was no
evidence of damage to the rectifiers
after the tests were completed and
the warning device functioned per-
fectly reliably on all occasions.

Both Cl1 and C2 must be good
quality components having a work-
ing voltage rating of 350 volts or
more. It may be found convenient
to make up Cl from a number of
individual capacitors in parallel. In
the prototype circuit three 32uF
capacitors were connected together
in parallel to provide (approxi-
mately) the value of 100g4F shown
in the diagram.

The neon bulb, NEI, is a small
wire-ended component. It is avail-
able from Henry's Radio as Hivac
type 16L or 34L, or from Home
Radio under Cat. No. PL32A.

Transformer T1 is a valve type
speaker transformer having a ratio
of about 33:1. The component em-
ployed in the prototype circuit was
an Elstone type MO/T (Home
Radio Cat. No. T012). This trans-
former offers three ratios, these
being 90:1, 55:1 and 33:1. When
the two higher ratios were tried,
it was found that the oscillator
did not operate reliably over the
wide range of voltages applied
to it from C2; but there was no
trouble at all on this score when
the 33:1 ratio was used. From
this experience it would appear
virtually essential to employ a low
ratio transformer here. The value of
C3 is a little critical, and it may
need to be varied slightly to obtain
the desired tone frequency.

CIRCUIT PERFORMANCE

The prototype circuit was checked
a large number of times as already
described, and it performed satis-
factorily in all instances. The volt-
age appearing across C2 when the
mains supply was present was 30
volts, this rising rapidly to 290
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volts when the mains supply ceased.
The 290 volt figure was given for
all loads across the supply lines
ranging from low to infinite resis-
tance.

The frequency of the tone gener-
ated by the neon oscillator is de-
pendent upon the voltage available
from C2, and it increases as the
voltage increases. As soon as the
mains supply ceases, the tone from
the loudspeaker is initially heard as
a rising siren-like note which rapid-
ly reaches a high piercing level.
The volume available should be
more than adequate for an ordin-
ary room or small workshop. As
the wvoltage across C2 gradually
falls so also does the frequency of
the tone, losing, with time, a little
of its initial high volume level.

With the prototype the tone was
at its loudest for some seven
minutes after the cessation of the
mains supply. It then continued to
fall gradually in frequency and
volume level but was still clearly
audible after 15 minutes, at which
point the test for length of audible
tone emission was discontinued. If
desired, the period during which
tone is heard can be extended by
the simple process of increasing
the value of Cl. If this capacitor
were made 200xF, for instance,
the time during which the warning
was sounded would be approxi-
mately doubled.

It is immaterial which input lead
of the warning device connects to
the live side of the mains and which
connects to the neutral side. An
important point to bear in mind is
that voltages with respect to earth
which are in excess of the mains
r.m.s. value appear in the circuit,
this condition applying, in certain
circumstances, even after the mains
supply has ceased. In consequence,
all the components should be com-
pletely enclosed in an insulated case
to prevent the risk of accidental
shock. The loudspeaker should also
be mounted in an insulated case so
that both its frame and mounting
bolts cannot be touched. A good
approach would consist of fitting
the components and loudspeaker in
a wooden case which acted also as
a Dbaffle, this being helpful for
accentuating the lower frequency
tone offered when the voltage across
C2 has, after a period of time,
dropped to a low level. The loud-
speaker could be secured by short
woodscrews inserted from the in-
side of the case. A final touch
would consist of fitting the neon
bulb behind a small aperture so
that its glow would be visible
when the warning was being sound-
ed. This would have the secondary
advantage of ensuring reliable ioni-
sing of ' the bulb, since "the type
specified may fail to ignite at its
striking voltage if kept in total
darkness. ]
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NEWS . . .

AND .

EDDYSTONE RADIO INTERFERENCE DETECTOR

A new portable transistorised v.h.f. interference measuring set, the Eddy-
stone type 31A, will be one of the main weapons in the fight for cleaner
and clearer reception in the crowded v.h.f. television, radio broadcast and
communications bands. This receiver has been engineered by Eddystone
Radio, from a design by the Post Office, to detect and home-in on inter-
ference sources so that action can be taken to suppress their nuisance
value to acceptable levels. Eddystone Radio is a division of Marconi Com-
munications Systems, Marconi House, Chelmsford.

Operating in the v.h.f. bands from 31 to 250MHz, the characteristics
of the detector are tailored to international standards for radio frequency
noise and field strength measuring equipment. The detector incorporates
a double superheterodyne receiver having three separate and individually
tuned r.f. sections covering 31 to 68MHz, 66 to 136MHz and 135 to
250MHz respectively.

A balanced aerial system, complete with balun transformers, feeder cable
and coaxial conncctor is provided. The aerial is adjustable by means of
telescopic rods, so that it can be made self-resonant at any frequency in
the range 50 to 250MHz.

In the photograph the detector is measuring stray harmonic interference
from an clectric arc-welding source.

RADIO ASTRONOMY

To our readers who are interested in Radio Astronomy we commend
Radio Sky, the Journal of the Society for Amateur Radio Astronomers.
The Journal is published four times a year in a duplicated form and runs
to approximately 30 pages. It is available to societies, institutions and
libraries at a cost of £1.25 per year.

Educational and descriptive articles are published on various aspects
of astronomy and space science. Practical details of radio telescope con-
struction are covered in detail. Reports of amateur observations and sug-
gestions for future observations are published from time to time.

Some back copies of the Journal are available as sample copies. Please
apply to the Hon. Secretary, Society for Amateur Radio Astronomers, 17
St. Thomas’ Square, Newport, Isle of Wight.
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NOW - SUITS CUT BY
LASER TAILOR

Laser tailoring, recently 1ntro-
duced in the United States, and
claimed as the first major advance
in apparel manufacturing since the
invention of the sewing machine.

At one factory in America’s
largest garment company, a com-
puter-controlled laser beam is now
at work around the clock perform-
ing the basic operation of the
business — cutting the cloth for
garments.

The laser beam cuts out garments
one at a time with amazing speed
and accuracy, according to Genesco
Inc.. the company which has In-
stalled the system. This, they say,
is a big advance on the system of
cutting a dozen garments or more
by other methods.

The company says that laser
cutting will enable them to respond
to the needs of the market and will
mean the end of the system of
accumulating large orders before
starting the cutting. Now they can
cut a man’s sports jacket, a woman'’s
skirt and a child’s pair of shorts,
consecutively, with scarcely a pause.
If a customer wants one suit of a
particular style, size and material it
will be possible to do the job at
no extra cost by pressing a com-
puter button.

The laser cutting system has four
main components: a computer pro-
grammed with cutting instruction,
a positioning device, the laser and
a conveyor.

A single layer of cloth is un-
rolled from a bolt and moved along
the conveyor until it is under the
positioning device. Turned on by
the computer, the laser’s beam is
automatically manoeuvred above
the cloth to follow the pattern
stored on tape.

The beam cuts each garment
according to the programmed in-
structions, which include directions
on size and style. The cut material
is quickly removed by the conveyor
and another section of material
moves into the cutting area.

PUBLICATION DATE

The Radio Constructor is pub-
lished on the first of the month
and copies should be obtainable on
that day, except where it falls on
a Sunday, then copies should be
on sale the following day.

THE RADIO CONSTRUCTOR
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COMMENT

IN BRIEF

® Mr. R. A. Allan has been appointed a Governor of
the BBC, for five years, in succession to Sir Robert
Bellinger.

® The Butterworth Publishing Group are awarding a
Scientific Fellowship to be presented annually. The aim
of the Fellowship is to provide the means by which a
would-be author can take time off to write a book on
some aspect of physical or biological science. Details
can be obtained from The Scientific Publisher, Butter-
worth Group, 88 Kingsway, London, WC2 B6AB.

® The recent mini-budget, it is anticipated, will give a
boost to sales of colour TV sets. The normal drop in
summer sales was greater than anticipated, but it is
now thought that sales this year will exceed 800,000 sets.

® The President of the Incorporated Society of British
Advertisers speaking at a recent luncheon attended by
the Minister of Posts and Telecommunications, called
for longer hours on ITV.

® R. A. Lister & Co. Ltd. have printed a new brochure
on their base load and standby diesel generating sets,
which are suitable for automatic starting, mains failure
and remote control. Readers may obtain the brochure
free; the address of the company is Dursley, Gloucester-
shire, GL11 4HS.

® Mr. Ray Pyman has recently been appointed General
Manager of B. H. Morris & Co. Ltd., the well known
radio wholcsalers who are the exclusive U.K. distributors
of the Trio range.

® The International Instruments, Electronics and Auto-
mation Exhibition will be held at Olympia, London,
next year (8th to 12th May, 1972).

® A 50-page booklet featuring sections on the basic
theory of indicator tube operation, tube characteristics,
supply voltages and methods of controlling the tubes is
available free from the Publicity Department, ITT Com-
ponents Group Europe, Edinburgh Way, Harlow, Essex.

® J. Stuart Sansom has been elected Chairman of The
Royal Television Society’s Council for 1971-72. Mr.
Sansom is Technical Countroller for Thames Television.

‘@ Shorrock Security Systems Ltd. — the Hawker Sidde-
ley subsidiary which develops, manufactures and markets
electronic, sonic, infra-red and laser detection devices —
has moved into a new purpose-built factory in Black-
burn.

® Art Cushen, M.BE., New Zealand’s famous short-
wave listener, recently received his 2,000th QSL card
from a broadcast station, Radio Tahiti. Art Cushen’s
collection of cards dates back to 1937.

® The British Radio Corporation’s colour TV, the
Ferguson Colourstar, is one of the cheapest colour tele-
vision receivers in the world. The recommended price
is less than £200. The size of picture is 36cm wide by
29¢m high.
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ITT ADD 6-DIGIT VERSION TO
COUNTER RANGE

Added to the wide range of ITT electromechanical
counters is the Type E607. The six-digit E607 is
identical to the five-digit E507 except for the extra
decade. Overall dimensions and fixing centres are the
same for both types.

The E607 is for base or panel mounting. It is non-
reset and has a minimum life of one million counts.
Maximum counting speed is 600 c.p.m. and operation
is possible from pulses of 50ms or longer. Versions
are available for a.c. or d.c. operation up to 240V.
Ambient operating temperature range is from —20°C
to +70°C.

BROADCAST BANDS CONTEST

The International Short Wave League are holding
a contest on Saturday and Sunday 1ith and 12th of
September.

The contest is open to all members and com-
mences at 1300 hrs. local time and finishes at 0100 hrs
local time.

The object of the contest is to hear as many coun-
tries as possible on each of the specified frequency
ranges; only broadcast stations may be logged.

Enquiries should be addressed to the 1.S.W.L.
Contests Manager, G-1516, Mr. Clifford A. Tooke,
6 Chelmer Avenue, RAYLEIGH, Essex.

“Hullo — another power cut coming?”
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AUTOMATIC MORSE
PRAGTICE KEYER

y

A. G. BLEWETT

A simple and reliable circuit which enables a.f. from a tape

recorder to directly key a Morse practice oscillator

HE MOST DIFFICULT THING FOR
T an aspiring amateur to find
whilst trying to learn the
Morse code is not an oscillator or a
key, but a willing hand to bash
some characters out for him.

A tape recorder would seem to be
the best way round this problem,
with passages of characters on the
tape at varying rates as the student
progressed, but the snag here of
course is that to cover, for example,
from 5 to 20 w.p.m. in easy stages
many passages would still have to
be initially recorded by some oblig-
ing expert.

Many domestic tape recorders have
three speeds, so this fact could be
taken advantage of, perhaps, to mul-
tiply the ranges with a minimum
amount of recorded material. Using
this method, unfortunately, 3 w.p.m.
at 3% i.p.s. using a 1kHz tone would
end up as 2kHz at 6 w.p.m. and so
on, an undesirable feature.

The author therefore developed
the simple circuit described in this
article to overcome these problems,
and at the same time give addi-
tional facilities.

THE CIRCUIT

The circuit of the automatic keyer
appears in Fig. 1. Here, R1 presents
a suitable terminating impedance,
simulating the speaker, to the out-
put of the tape recorder amplifier.
The voltage developed across this
resistor is fed to the germanium
bridge D1 to D4, where it is recti-
fied and subsequently smoothed by
Cl1. R2 couples Cl to the base of
TRI1, with the result that a forward
bias current is fed to this base
whenever a.f. appears at the output
of the tape recorder. The collector-
emitter circuit of TR1 provides a
cathode earth return for the prac-
tice oscillator, which in the author’s
case is a pentode wired as a phase-
shift oscillator. R3 and C2 are the
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normal cathode bias components,
and R4 ensures that a high voltage
does not appear at the cathode
under ‘key-up’ conditions. The value
of R4 is found by experiment, as
is described later.

RECORDING

If, for example, three passages of
Morse are now recorded, one at say
4 w.p.m., one at 5 w.p.m. and one at
6 w.pm.; using a 3 speed tape
recorder the following Morse speeds
are obtainable: 4, S and 6 w.p.m. at
3% ips., 8 10 and 12 w.p.m. at 74
i.p.s. and 16, 20 and 24 w.p.m. at
15 i.p.s. Other combinations may
be chosen, and all will be repro-
duced at a constant frequency from
the oscillator.

The recording can take any form,
even spoken ‘dah dah dits’ will
operate the circuit very successfully.

By the same token, amateur trans-
missions may be recorded from a
receiver and replayed into the cir-
cuit, slowed down if required, for
training purposes. The circuit could
also be operated direct from the
receiver’s output stage if required,
though if a fading station is chosen
disappointing results may be ex-
perienced. Judicious use of the tape
recorder volume control to set the
input threshold correctly as prev-
iously explained can completely
eliminate the background noise con-

Oscillator
valve
|+ =
Cobm PR3z Rg
T Key line
. 'l TR e
fu!.put BC 108 a__x;
rom =
tape = T
recorder i
1
T Manuat
key

Keyer circuit

Fig. 1. The automatic Morse practice keyer coupled to an
oscillator valve

BCIO8
Lead-outs

R2 protects the base of TR1 from
possible overloads. The value given
for Cl gave a time constant in con-
junction with the input circuit such
that the resulting characters had a
pleasant rate of ‘attack’, yet were
not ‘blurred’. In use, the tape re-
corder volume control is advanced
from zero to just past the point

where the characters from the
Morse  oscillator are perfectly

formed.
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tent of the original signal, making
the resulting Morse even more suit-
able for training purposes.

An important point concerns the
coupling to the tape recorder. The
author’s recorder is a battery port-
able and the direct connection
shown in Fig. 1 gives no trouble.
But if a mains operated recorder
in used in which one side of the
speaker is connected to the same
mains earth as is the chassis of the

THE RADIO CONSTRUCTOR
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Secondary of recorder
output transformer

— TS
™

To
D)- D4

o PR B UL o

" Recorder
chassis

Fig. 2. An isolation transformer is required if one side of the
tape recorder output is at chassis potential

Isolotlon
transformer

oscillator unit, then a small a.f.
transformer must be used to isolate
the input to the bridge, as shown
in Fig. 2. A suitable transformer
would be the Wharfedale WMT?2
(Home Radio Cat. No. LS40B). Al-
ternatively, a half-wave rectifier
could be used in place of the bridge,
but this has not been tried by the
author.

Great care must be taken if the
amplifier to be used as a feed has
a chasssis which is connected to
one side of the mains. The connec-
tion to the keyer must, in this case.
be isolated by a suitable trans-
former.

No details of construction are
given for the keyer. since it is so
simple that is should be capable of
being built on a suitable tagboard
within the case of the oscillator.

THE OSCILLATOR

Provided that it incorporates a
valve whose cathode circuit can be
keyed, the practice Morsc oscillator
can be of any conventional type.
However, for completencss the cir-
cuit employed by the author is
given in Fig. 3. Here. the oscillator
1s a pentode phase-shift type, the
frequency of which is controlted by
the 2-gang 500k potentiometer.
This oscillator cannot feed directly
into phones or a speaker and so it
is followed by a 6V6 output valve.
There is a possibility that keying
‘thumps’ may be noticeable if a
speaker is connected to the ampli-
fier, in which case the value of the
intervalve coupling capacitor shown
as 0.1uF should be reduced experi-
mentally until the effect disappears.
The ‘thumps’ are not troublesome
in the author’s installation, in which
the amptifier feeds a number of ex-
Govt. headsets having poor Lf. re-
sponse.

The value of the key-up pentode
bias resistor, R4, should be determ-
ined by experiment. Initially fit a

COMPONENTS

Resistors

30, 82 or 152 (to
match recorder output
impedance) 3 watts
wirewound

R2 2.2k2 4 watt 107

R3 390 § watt 107
(part of oscillator

circuit)
R4 see text
Capacitors
Cl 8uF electrolytic,
16V wkg.

G2 25uF electrolytic,
12V wkg. (part of
oscillator circuit)

Semiconductors

20k$? variable resistor in the R4 D1-D4 OAS8I
TR1 BC108
4-7kn
{10
27omi oos :'];"F
= ka = I 250V
390pF J
1
O-luF
O-IuFI EF39 slzlz
390pF 390pF |
k
Ganged J
500kn 32 %e
X p >~ kn
Lin. or ,L )
log Co SR3IZRy
a7 z
kn E kn 1 A
7! Key
line Tp = 50O:1 for 3n speaker
Fig. 3. Circuit of the oscillator and amplifier employed in the
prototype installation

position and set it to insert zero
resistance. Then. under key-up con-
ditions, increase its value until it
is just past the setting where oscil-
lations cease. A fixed resistor of the
appropriate value is then fitted in
its place. In the author’s oscillator
the final value required for R4 was
4.7k&. This method of finding the
key-up resistor value ensures that
minimum voltage appears on the
key line, which will be external to

the equipment, hence giving maxi-
mum safety for the operator and
ensuring that the collector-emitter
voltage rating of the keyer tran-
sistor is not exceeded. A voltage of
around 12 volts above the chassis
line is the maximum that should
normally be allowed to appear on
the key line. The maximum col-
lector-emitter voltage for a BCI108,
it may be added, is 20 volts.

|

RADIO AMATEUR EXAMINATION COURSES

Plymouth College of Further Education are starting
a course on 13th September. 1t will continue each Mon-
day and Wednesday evening, 6.30 to 9.00 p.m. Lecturer,
Mr. D. M. Webber, G3ENX. For further details tele-
phone 68000 (day) or 73238 (evenings).

SEPTEMBER 1971

Barking,

www americanradiohistorv com

A class for the R.A.E. wil be held at the Gascoigne
Recreation Centre, Gascoigne School,
on Tuesday evenings at
mencing 21st September, 1971.

Morley Road,
7.30 p.m., com-
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2-metre dipole antenna

2-metre VHF converter
with LF output, say.
24-26 MHz

" Communications type

SW. receiver with
range covering

24-26 MHz

GETTING STARTED
ON TWO METRES

by

ARTHUR C. GEE, G2UK

Advice to the SWL on how to start receiving on the VHF amateur band

UITE A NUMBER OF RADIO

enthusiasts who might well do

so hesitate to start short wave
listening on the 2 metre band be-
cause they just do not know how
best to go about getting equipped
for this, the most popular of the
VHF amateur bands. What, for in-
stance, is the receiving equipment
required; what aerial is needed?
What results can be expected? Some
may have visited a radio amateur
station equipped for VHF working
and seen the elaborate rotatable
beam antenna system frequently
used, have heard talk of VHF con-
verters and “IF frequencies”, and
so on, and have come away with
the feeling that “it’s all too compli-
cated for me”.

The writer hopes this article will
show that worthwhile results are
possible with quite simple equip-
ment and aerial systems and there-
by encourage some SWLs to have
a go at what is a very interesting
aspect of the amateur radio scene.

For many transmitting radio
amateur enthusiasts, the VHFs have
a number of advantages over other
frequencies. In the first place, the
antennas required are much, much
smaller than those required for
the “HF” frequencies. Size for size,
they compare very favourably with
TV aerials. This makes the 2 metre
band a popular one with many
transmitting radio amateurs who
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are restricted by “plot™ size, plan-
ning restrictions and so on from
putting up the bigger systems re-
quired for the lower frequencies.
For much the same reason, the 2
metre band is a popular one for
mobile work.

VHF PROPAGATION

Propagation of VHF signals
differs markedly from that of lower
frequency radio waves. Whereas
the latter are propagated over long
distances by reflection from ionised
layers in the ionosphere, this type
of propagation rarely takes place
with VHF signals, which are pro-
pagated mainly by ground wave
signals. These travel more or less
by “line of sight” pathways and
are much affected by intervening
hills and  buildings. Generally
speaking therefore, the higher the
transmitting aerial and the clearer
of surrounding buildings it is the
better. Occasionally however, quite
long distance communication does
take place on the VHF’s. By “long
distance™ in this connection we
can say up to a hundred miles or
even more. Experience has shown
that this type of propagation de-
pends much on the weather between
the transmitting and the receiving
stations and it is referred to as
“tropospheric propagation”. Fairly
powerful transmitters, sensitive re-
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ceiving equipment and a high gain
antenna system are — except in
unusually good conditions - re-
quired for this type of VHF com-
munication. Reception of tropo-
spheric signals is the province of
the more experienced VHF worker
and we will not deal with it further
in this article as it is outside the
scope of the beginner to the VHFs.
The great majority of radio ama-
teurs who work the 2 metre band
content themselves with much
simpler equipment sufficient to en-
able them to have “across the town”
nets for local communication pur-
poses only, and this type of “local™
communication is the subject of
this article.

Almost any town large enough to
have half a dozen or so transmitting
radio amateurs will as likely as not
have a 2 metre “local net”. This
may be part of the local RAYNET
organisation, or it may be purely
“amateur radio” for the convenience
of the local amateurs wishing to
keep in touch with one another. A
number of these amateurs may also
run mobile 2 metre stations installed
in their cars. These local 2 metre
transmissions provide an interesting
source of activity for the SWL
anxious to gain experience of 2
metre work, and quite a simple
aerial and receiving equipment is
all that is needed to receive most
of this type of 2 metre signals.

THE RADIO CONSTRUCTOR
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For reception of these signals,
the method which at present seems
most popular is to use the normal
station short wave receiver, pre-
ceeded by a unit called a ‘“con-
verter” which, as its name suggests.
converts the 2 metre signals down
in frequency to one which can be
tuned in by the particular SW re-
ceiver being used. The converter is
coupled between the VHF aerial
and the aerial conncction of the SW
receiver. Tuning of the VHF band
then takes place using the normal
tuning dial on the receiver.

There is a good deal of theory
applicable to the choice and design
of suitable converters for the vari-
ous VHF bands. but we do not
need to concern ourselves with this
at the present stage. Once some
preliminary experience has been
gained the finer points of converter
design can be studied if the SWL
so desires. All that is neccessary
here is to point out to the aspiring
VHF SWL that suitable converter
unifs can be quite easily - and not
too expeusively — purchased and to
give him some guidance on what to
buy.

IF FREQUENCIES

All up-to-date VHF converters
have crystal controlled oscillators
and they feed out into the main re-
ceiver at various IF frequencies.
depending on their design. If you
look at the advertisements featuring
these converters in the radio maga-
zines, you will sec in the specifica-
tion the “IF” into which the con-
verter must work. For instance, an
advertiscment may quote the 1F as
4-8,14 - 18 or 28 — 30MHz These
figures indicate the various main
receiver {requencies over which the
particular VHF band. i.e. 2 metres.
will appear when the converter is
coupled into the main receiver. In
other words, you must seclect a con-
verter which will have an IF output
within the tuning range of your
SW receiver. A 28 - 30 MHz IF
converter will nced to be coupled
into a SW receiver with a tuning
band covering the 28 - 30 MHz
range of frequencies. If the con-
verter is one designed for the 2
metre band, then the whole of the
2 metre band will be spread over
the frequencies 28 to 30 MHz on
the main recciver. Not all SW re-
ceivers have a 28 to 30 MHz
range, in fact unless the set is one
specifically made to cover the
amateur radio bands it is not likely
to have this range.

So it is customary to design VHF
converters to feed into receivers
with other ranges. Some SW broad-
cast-type or general coverage re-
ceivers do go up to 24 to 26 MHz
and so it is common to find this as
one of the ranges for which con-
verters are built. Similarly, conver-
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ters with the ranges 14 to 18, 4 to 8
MHz and so on are designed to
feed into receivers with these
ranges. So the first point to notice,
therefore, is that we must purchase
a converter with an IF output suit-
able for the particular receiver we
already have. It is no good obtain-
ing a converter with an IF of 28 to
30 MHz if the SW receiver does not
have this range on it. With a re-
ceiver of this type, we would have
to get a converter with the 1F in a
lower range.

AVOIDING INTERFERENCE

”

Another point which is worth
making at this stage is that it is
advisable to select an IF output in
a band of {requencies which is not
likelv to contain very high power
SW broadcast or other signals be-
cause, if the screening of the main
receiver is not too good, these
signals may get into the receiver
and break through into reception
of the 2 metre band, a factor which
can be irritating. The IF frequency
range of 24 to 26MHz is a popular
one for 2 metre converters as,
generally speaking. there are not
many very high power transmissions
in this band — at least under normal
ionospheric conditions. One of the
photographs  accompanying this
article shows the author’s present
2 metre receiving set-up. The con-
verter shown has an output of 24
to 26MHz. and this is nicely
covered and bandspread by the
lLafayette Model HA-83A communi-
cations rcceiver which is also
shown.

A further point to note about
modern VHF converters is that
most of these cmploy transistors
and require very modest power

supplies. In fact voltages in the 12
volt range, with low consumptions
of 10 to 15mA or so, are the order
of the day, so the operating power
can quite easily be supplied by a
small dry battery which can be
converter

contained within the

LG

foes
T

A e

housing itself. Alternatively a very
small AC mains power pack may
be provided, also housed within
the unit itself, as is the case in the
author’s converter illustrated.
VHF converters can be compara-
tively easily built by the experi-
enced radio constructor, and the
radio magazines and handbooks
give designs and constructional de-
fails from time to time for doing
so. So, if you feel inclined, you
might well try your hand at build-
ing one instead of purchasing a
completed unit, though if the VHF
field is completely new to you,
you would probably be better ad-
vised to obtain experience with a

professionally constructed unit to
start with.
AERIAL SYSTEM

Finally, we must give some

thought “to the aerial system. If
there happens to be a very strong
2 metre amateur radio transmitter
near you, you will no doubt be able
to receive him on the proverbial
“odd length of wire” simply con-
nected to the aerial input sccket on
the converter unit. But youlll do
much better to put up a simple
dipole antenna. This can be a
length of 2-way flex, with 3ft. un-
ravelled at one end, fixed out to
form a half-wave dipole. It can be
positioned in the roof space or
beneath the eaves and may prove
quite sufficient to receive the local
amateurs. Or you can go a step
further and make up a dipole of
aluminium tubing and mount it on
top of a pole outside. Again. you
can use a ground plane antenna
(consisting of a quarter-wave verti-
cal rod with radial rods at the base)
with quite good results. A typical
example was described by the
writer in a recent issue of this
magazine.*

* A C. Gee. G2UK, ‘A 2-Metre Ground
Planec Antenna’’, The Radio Constructor
October 1968.

The author’s 2 metre receiving equipment
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The purists will say that as the
majority of 2 metre amateur radio
transmissions take place using
aerials horizontally polarised, the
groundplane aerial, which is ver-
tically polarised, is no good- for
receiving these transmissions. How-
ever, most 2 metre amateur radio
signals, even though they be radi-
ated from aerials with mainly
horizontally  polarised radiation
characteristics, have quite enough
vertically polarised characteristics
by the time they arrive at a receiv-
ing aerial to make the question of
polarisation of the signals a matter
of more theoretical than practical
importance; and the writer can
say from personal experience that
the groundplane aerial makes a
very good receptor for all but the
weakest 2 metre signals. The writer
uses a very neat groundplane anten-
na, coupled by coaxial cable to the
receiving equipment and mounted
on the end of the house roof ridge.
which has proved most successful
for hearing most of the local ama-
teurs in his district. This particular

model is made by Mosley Elec-
tronics, 40 Valley Road, New
Costessey, Norwich, Norfolk. If

you get really keen on VHF work-
ting and particularly if you are in-
terested in hearing the DX type of
signals referred to earlier, you will
want ultimately to go in for one of
the rotatable beam antennas, details
of which you can find in the hand-
books specialising in VHF activities.

2 metre groundplane antenna used by the author

In conclusion, be it noted that
you will not f{ind the 2 metre band
as full of signals as the other paris
of the radio spectrum with which
you are familiar. In fact, you may
go days without hearing any signals
at all! Tt is a good idea to find out
from one of the local amateurs
who transmits on 2 metres just
when the local net comes on and
try your hand at a 2 mectre SWL-
ing to begin with. You'll then be
sure that there arc signals on the
band which you could be hearing.
Otherwise you may think the lack

of signals is due to a fault in your
gcar. Once you have found where
to look for the local amateurs,
you'll be able to check for activity,
certain that when it 1is there
you'll be able to receive it. Let’s
hope that you’ll find the activity of

such interest that you’ll be en-
couraged to take the amateur
radio  transmitting examinations
and in time join the “2 metre
brigade” and help to stimulate
activity on this very interesting
band

|

THE SURFAGE CHARGE TRANSISTOR

by
J. B. DANCE, M.Sc.

A new 3-electrode device capable of storing information at exceptionally

high densities

HE SURFACE CHARGE TRANSISTOR IS A NEW DEVICE

developed by W. Engeler, J. Tiemann and R.

Baertsch at the General Electric Laboratories
in the U.S.A. Tt shows great promise for use in
compact fast memories, since it can store informa-
tion at densities of over 1,500 bits per sq. mm of the
silicon chip.

The surface charge transistor has three electrodes,
the source electrode, the receiver electrode and a
small input electrode which is known as the transfer
gate. The latter overlaps the other two electrodes,
but is insulated from them. The structure of the
device is simple; it can therefore be made very
small and this facilitates the development of complex
circuitry.

The functioning of the transfer gate has been
compared to that of a sluice gate which controls
the flow of water between two levels. As in the
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water flow analogy, a small input (in the form of a
charge on the transfer gate) -can control the flow of
a much larger current between the other two elec-
trodes. The device will amplify charge and voltage
and has the advantage that the output is electrically
isolated from the input.

The most important initial applications are ex-
pected to be in shift registers (circuits which store
numbers and permit the pattern of digits to be
moved from one position to the next). A number of
charge sensitive transistors can be easily linked
together, the receiver electrode of one device being
connected to the source electrode of the next.

It is hoped that the small size and high speed of
this new device will produce a considerable increase
in the storage capacity of future semiconductor
memories.

|
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DODGES
WITH

DIODES

by
P. T. EVANS

Silicon rectifiers can be used in applications
other than that of merely producing an h.t.
voltage

ILICON RECTIFIER DIODES OF THE BY100 CLASS ARE
familiar nowadays in the power supply circuits
of TV receivers. Their great advantage is that
they drop a very low voltage (about 0.6 volt) when
they conduct, with the result that the power dissi-
pated inside them is very low. If, for instance, a
BY 100 continually passes a current of 0.5 amp. the
consequent power dissipated is only 0.3 watt. The
power dissipated when the diode is reverse-biased, as
occurs on non-conducting half-cycles when it is used
as a rectifier, its negligibly low since reverse leakage
current is of the order of tens of microamps only.
Because of their low power dissipation, silicon
rectifier diodes are very small components. They can
readily be added to existing circuits in the manner to
be described in this short article.

—r'""
+

BYl4

or L]
BYIOO AC.
L ! et mains
Soldering g
Iron

Fig. 1. A soldering iron economiser circuit. The
switch is opened when the iron is out of use

SOLDERING IRON ECONOMISER

If a soldering iron is left switched on for long
periods without being used it tends to overheat, and
there is a consequent shortening of bit and element
life. :

A circuit which allows the soldering iron to be
maintained just below operating temperature when

SEPTEMBER 1971

not required is shown in Fig. 1. The switch in this
diagram is left open when the iron is out of use, with
the result that the silicon diode allows alternate half-
cycles only to be passed to the element, which thus
runs at reduced temperature. The switch is closed
whenever the iron is to be used, whereupon the iron
becomes connected to the mains supply in normal
fashion, with both half-cycles of the a.c. mains current
flowing in its element. The iron very soon heats up to
full working temperature, the process being mu<h
quicker than if it had been switched on from ecr:id.

In this circuit the rectifier diode need oniy have a
peak inverse voltage of 400 minimum, and a suitable
type would be the BY114. The circuit will also func-
tion well if the BY100. with its p.i.v. rating of 800,
is used. Both diodes are capable of passing a maxi-
mum forward current of 1 amp.

Microswitch

Soldering iron
hung here

Fig. 2. A soldering iron rest which causes a

microswitch to be operated when a soldering

iron is hung where indicated. The main section

consists of a length of stout galvanised wire
bent to shape

If desired, a soldering iron rest could be devised in
which the switch is incorporated. A suggested design
is shown in Fig. 2, this being suitable for irons
which have hooks on their handles by means of
which they can be hung up when not in use. When
the iron is hung on the bar of this rest, its weight
causes the bar to descend slightly against the action
of the spring at the rear, thereby operating the
microswitch and bringing the series rectifier into
circuit.

REDUCING WARM-UP TIME

Many domestic valve radio receivers are still
capable of offering good service, but have the dis-
advantage of taking rather a long time to warm up
after having been switched on.

If, as is usually the case, the receiver has a ‘live
chassis with a half-wave h.t. rectifier and a series
dropper resistor for the heaters, the addition of a
silicon rectifier diode can reduce warm-up time con-
siderably. The existing power supply circuit in the
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(b)
Fig. 3(a). Typical power supply arrangements
in a domestic valve radio
(b). Warm-up time is greatly reduced by the
addition of a silicon rectifier across the on-off
switch, as shown here

receiver should be like that shown in Fig. 3(a).
Fig. 3(b) shows the modification, which merely
consists of connecting a silicon rectifier diode, with
appropriate polarity, across the on-oft switch. When
the switch is open the added diode allows alternative
half-cycles to flow in the heater circuit, maintaining
the valve heaters just below working temperature.
At the same time. the diode does not allow positive
half-cycles to pass to the h.t. rectifier in the receiver,
and no h.t. voltage is produced.

After modification, the receiver functions in the
following manner. It may be turned completely off
by the switch at the power supply socket from which
it draws its mains current. If the switch at the supply
socket is closed the receiver goes into a ‘stand-by’
condition, with valve heaters nearly fully warmed up
but with no h.t. supply available. When the receiver
on-off switch is closed, the set comes into complete
operation.

The receiver circuit shown in Fig. 3(a) assumes a
‘metal’ or silicon h.t. rectifier. The modification will
work satisfactorily with receivers having a valve
h.t. rectifier, but its use with such scts is not gener-
ally recommended as the current surges which flow
when the receiver on-off switch is closed may shorten
the life of the rectifier. The modification must nor
be used if the receiver has a mains input transformer,
since high transient voltages appearing across the
primary on switching off may break down the recti-
fier diode. The circuit should not, also, be used with
sets which include another silicon rectifier as heater
‘dropper’ because, according to the polarity of the
diode used as ‘dropper’, the added diode will either
cause the heaters to run at full operating temperature
when the receiver switch is turned off, or not at all!

Tt would be better to use a silicon rectifier diode
with a high p.i.v. in the circuit of Fig. 3(b), a suitable
type being the BY100. This is because many re:
ceivers have an anti-mains-modulation capacitor
(not shown in Figs. 3(a) and (b)) connected across
the supply lines immediately after the on-off switch,
and this could function as a reservoir capacitor in a
half-wave circuit. If the receiver switch is a double-
pole component, the pole in which the diode is not
connected should be short-circuited.

B

EMI WINS MAJOR CONTRACT TO DEVELOP
NEW AIRBORNE MARITIME RADAR

A new airborne maritime radar for detecting sub-
marines and ships is to be developed by EMI under
a contract placed by the Ministry of Defence (Avia-
tion Supply). The order, won by the Radar & Equip-
ment Division of EMI Electronics Ltd., Hayes,
Middlesex, provides for a future replacement of the
cxisting EMI ASV.21 radar.

Expected to be the most advanced of its type in
the world, the radar will be designed to detect sub-
marines as well as being used to carry out general
surveillance dutiecs on muaritime surface traffic.

Compared with the present radar system, the new
development will have a greater range and better
detection performance in rough seas. It will signifi-
cantly improve today’s capabilities of long-range
maritime aircraft. Other uses for the EMI radar will
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be to aid the mavigation of the aircraft by detecting
land masses at long range and for cloud and collision
warning.

Development work has commenced and the equip-
ment is expected to be ready for the Royal Air Force
in about five years time. Due to the maritime radar’s
advanced performance, interest is likely to be shown
by potential customers abroad — particularly countries
already operating airborne surveillance patrols at
sea.

EMI has had considerable experience in develop-
ing and producing airborne radar systems for mari-
time and other applications. For many years the
company has manufactured the radar used in both
RAF and Canadian Air Force maritime aircraft.

THE RADIO CONSTRUCTOR
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by X

A. BALDWIN
(All Times GMT)

In the world of short wave broad-
cast band listening there are
always mysteries to be solved and
puzzles to be unravelled. At almost
any one time there are transmis-
sions on various frequencies, none
of them listed, which take all the
skill and ingenuity of experienced
operators — using sophisticated
equipment — to identify. It is, per-
haps, this aspect of the hobby
which is often the most interesting
and rewarding.

To illustrate this constant battle
of wits, equipment and skill, recent
events on the short waves concern-
ing the Arabic-speaking world will
be of interest.

As far back as last March, the
writer logged a station on a
measured frequency of 4988 at
1845 with Arabic music and songs,
this being reported in ‘Bandspread’,
the journal of the British Associa-
tion of Dx'ers, dated 8th April and
listed as ‘Unidentified’. From infor-
mation received from elsewhere,
this station was identified as Abu
Dhabi Broadcasting Service. A few
days later this station was
measured on 4987 from 1923
through to sign-off at 2002. At other
times it signs off at 1950 after an
anthem and one bar of an interval
signal consisting of six single notes
on a stringed instrument. Identifica-
tion is “Idha’at el Abu Dhabu . . .
Arabia”.

Again in March, Martin A. Hall
of BADX,* one of our most able
and experienced operators, heard
an Arabic transmission on a
measured 5345 at 1740 to close
down at 1931. The ‘lead’ Martin
had established in this detective
story was taken up by Alan B.
Thompson of Neath, probably one
of the best equipped SWL's in the
world and most certainly in this
country, Alex Moore of Stafford and
Andrew Waddelow of Bungay -
also superbly equipped and experi-
enced operators. From their own
observations and with assistance
from the BBC Monitoring Service,
the following emerged. (Acknow-
ledgements to ‘Bandspread’, Vol. 1
No. 10.)

The station does not state its
location but is believed to be in
Saudi Arabia. Parallel frequency is
8405 and schedule is from 1130 to
1400 and from 1630 to 1930. Aim
is to transmit propaganda against
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the present regime in Southern
Yemen, and is believed to use the
same facilities as the station which
used to be Yemeni Royalist Radio.

The Voice of the Free South,
Arabic identification “Sawt-al-
Janub-al-Hurr” was first intercepted
by the BBC Monitoring Serivce
(to which acknowledgements are
made) on 17th December 1970 on
8405 and ‘it broadcasts talks and
slogans denouncing the ‘com-
munist regime in Aden’ and exhorts
the people of Hadramawt and
South Arabia to revolt. It proclaims
itself to be the mouthpiece of the

Army of National Deliverance
(Arabic: Jaysh al-lngadha al-
Watani) which leads the 18th

Sha’ban (approximately 19th Octo-
ber) revolution”. The station ‘‘is
believed to use the same facilities
as a station which formerly broad-
cast under the name ‘Mutawakil-
lite Kingdom of Yemen Radio’' on
behalf of the Royalist faction dur-
ing the civil war in the (northern)
Yemeni Republic”.

This station was still on the air
in June, when the writer heard
Arabic chants until sign-off at 2003
with the sounding of Arabic war
drums. .

Still dealing with the Yemen
area, the Sana'a transmitter has
been reported by BADX to be on
5802.5 at 1918 after a sudden move
from the 4938 channel. However,
it had also been heard a few days
earlier on a measured frequency of
5807 with a talk in Russian and
music of the Slav type. The ques-
tion now is - are programmes
being broadcast for the benefit of
the ‘advisers’ in the country?

MORE ARABIC MYSTERIES

To complete the saga of mys-
teries emanating from the Arabic-
speaking world, consider the fol-
lowing.

South Yemen Broadcasting Ser-
vice on 5060. Identification is not

as listed but is, in fact, “Huna
Adan |dha'at el Gumhoriya't al
Yemen al Demokratiya  Ash-

shahiya” Why?

EAJ203 Radio Sahara on 7230.
This station may be heard during
the evenings up to around 2050
when the BBC Europe carrier wipes
out the signal. EAJ203 can then
be heard again after 2215 when
the BBC transmission to Europe
signs-off. The programme from
Radio Sahara consists of a con-
tinuous series of Arabic songs and
musical items without identification
announcements. The question here
is — what is the identification?

MYSTERIES SOLVED

A great many of the mysteries
on the short waves are, of course,
eventually solved as was the case
with the following. _

In February of this year, Dx'ers
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in this country reported an Arabic-
type transmission on 4988 from
around 1830 onwards. This re-
mained a mystery for just one
month, when information came to
hand that this transmitter was
located in Abu Dhabi.

For some weeks this summer,
the writer was involved in identi-
fying a station on 3320. Unlisted at
the time, it turned out to be Johan-
nesburg on a new channel.

@ NEWS ITEMS

COSTA RICA

Radio Capital, San Jose, has
opened a short wave outlet on 4832
where it is reportedly best heard
after 0400.

DOMINICAN REPUBLIC

Radio Cristal, Santa Domingo, is
now back on 5010 after using 5071
for some weeks. The latter channel
suffered interference from Radio
Sutatenza on 5075.

EL SALVADOR

Radio Nacional de El Salvador
has a schedule from 1200 to 0500
on 5980 and 9555. Announcements
are in English and Spanish.

GUYANA

Radio Demerara, Georgetown, is
currently operating on the new
channel of 3290 after a move from
the old 3265.

ISRAEL

Kol Yisrael, Jerusalem, has
added a new outlet for their broad-
casts in English and French to
Europe from 2045 to 2200. To the
regular 9009 and 9625 channels,
6000 has now been added as an
experiment. Previously, the experi-
mental channel was 7225, now
abandoned. Reports are requested
on the 6000 channel, although this
may well have been changed to
another frequency by the time this
appears in print.

AUSTRIA

According to reports, the short
wave transmissions from Vienna
may be dropped at the end of this
year owing to financial reasons.

UGANDA

1t is believed that Radio Uganda
is to have an external service in
the near future.

@ BEGINNERS’ CORNER

15005 Hanoi with the English
proaramme at 2000.

17780 HCJB Quito, Ecuador,
programme in English directed to
Europe at 1930.

* BADX, 16 Ena Avenue, Neath, Glam. An
organisation of experienced and active
broadcast band Dx'ers. ‘Bandspread’,
their Journal, is published fortnightly
throughout the year, except during July
and August, when it is produced
monthly.
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METERLESS BETA TESTER

by

G. W. SHORT

The most expensive component in most transistor testers is the meter. It is
also the most fragile. This article shows how to measure ‘beta’ (hfe)

accurately without using a meter at all

radio magazines which describe meterless tran-

sistor testers. There have also been one or two
commercial instruments of the same general type.
The basic principle is appealing in its simplicity: con-
nect the transistor under test in some form of oscil-
lator circuit with controllable regeneration, then the
critical setting of the regeneration, at which oscilla-
tion just starts up, gives a measure of the gain of the
transistor.

Unhappily, there are plenty of snags. Some of the
published circuits, though they purport to measure
hfe in fact come more closely to measuring the
voltage gain, and as this is nearly a linear function
of the collector current, and is the same for all
transistors operated at that current, it doesn’t have
much bearing on what one wants to measure. This
is, of course, what the books call the “small-signal
short-circuit current amplification factor™, alias hfe,
beta. h2le, and, once upon a time, ‘alpha dash’.

FROM TIME TO TIME ARTICLES APPEAR IN POPULAR

CALIBRATION PROBLEMS

Assuming that the transistor is set up in the right
way for measuring hfe the problem is how to cali-
brate the tester. In most published designs there is no
easy way of doing this. In fact, in one article T
remember, constructors were advised to calibrate
their instruments by inserting transistors of known
hfe. In other words, to calibrate that tester you al-
ready had to have one, or at least access to one,
or to a source of transistors whose hfe was accurately
known. Not, one would think, much help to the
average home-constructor.

The instrument described here has been designed
to overcome this problem of calibration. Of course,
you must have access to some sort of standard in
order to calibrate anything at all. Here, you must be
able to measure resistance. If you can calibrate an
ordinary volume control with the aid of an ohmmeter
or, better, a bridge, then you can calibrate this
transistor tester and achieve quite good accuracy in
your measurements of hfe.
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The instrument tests at VCE = 6V and IC =
ImA, which are quite usual conditions for small
transistors and capable of giving a rough indication
of the gain of power transistors. The frequency at
which hfe is measured is roughly 1kHz which,
again, is quite normal. The instrument has one
range from hfe = 11 to an upper limit which is
under the control of the user but can usefully be
chosen to be 1,000 which covers practically every
transistor of interest.

The basic circuit is shown in Fig. 1, where TR1 is
the transistor under test. The transistor is given a
small load resistance, RC, and any output is fed
back via a unity-gain phase-inverting amplifier which
drives the base via a high resistance RB. Only a.c.
signals are fed back, because we are measuring hfe,
the a.c. current amplification factor, not hFE, the
d.c. counterpart.

The theory behind Fig. 1 is given in detail in the
Appendix. For the time being it is sufficient to say
that, if all else is perfect,

hfe = RB/RC.

AR
By

" | Unity-gain
c

phase tnverting
| amplifier

Fig. 1. Circuit for measurement of hfe. RB is

set so that oscillation just begins. The current

amplification factor, hfe, then depends on the
ratio of RB to RC

—
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Fig. 2. Complete circuit of the practical hfe tester. TR1 is the
transistor under test; TR2 is the unity-gain inverter. When polarity
switch S1 is set to ‘p.n.p.” TR3 takes over from TR2 as amplifier

| COMPONENTS

R7 10k 29
RS 1k 2%,
R9 1kQ 2%

Capucitors
Cl1 125uF electrolytic, 10V wkg.
Cc2 125pF electrolytic, 10V wkg.
C3 0.1p.F, paper or plastic foil

Resistors
(All fixed values high stability, } watt min.,
5%,, unless otherwise stated)
R1 56
R2 1k 29
R3 1.5kQ
R4 IMQ potentiometer, log track
RS 100k Q2
R6 100kQ

Transistors
TR1 Transistor under test (not part of
tester)
TR2 2N4289
TR3 BC169C
Switch

Si(a) (b) (c) 3-pole 3-way, rotary

Speaker
LS1 moving-coil speaker, approx. 80Q
(see text)

Miscellaneous
Transistor sockels (see text)
9-volt battery and battery clips
2 pointer knobs

If RC is given a convenient value such as 1KQ
then RB is easily calibrated in hfe. To measure hfe
you just sct the circuit to the point of oscillation
and read off hfe from the scale of RB.

COMPLETE CIRCUIT

The complete circuit is given in Fig. 2. Here TR1
is the test transistor as before. Since it is n.p.n. the
polarity/on/off switch Sl is set to the ‘n.p.n.’ position.
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This brings TR2 into circuit as the unity-gain phase
inverter. The regeneration control R4 corresponds
to RB in Fig. 1, and RC of Fig. 1 appears here as
R2, plus a bit added in the shape of R1, for reasons
given in the Appendix. The circuit behaves as a
relaxation oscillator or complementary multivibrator.
The frequency is governed by the time constant of
C3 and the associated circuit resistance. Transistors
TR2 and TR3 are available, by post only, from
Amatronix Ltd., 396 Selsdon Road, S. Croydon,
Surrey, CR2 ODE. Amatronix Ltd. can also supply,

93

www americanradiohistorv com


www.americanradiohistory.com

again by post only, a kit of the components re-
quired. ’

In calibrating the instrument, allowance has to be
made for R7 and R9, which are effectively in series
with R4. The result is simply:

hfe = R4 + 11

where R4 is measured in kilohms. Thus a 500kQ
potentiometer would give a range of 11 to 511 in hfe.
To give a reasonable scale shape, use a log. law
component for R4; i.e. an ordinary carbon track
volume control. This will give a scale rather like
that on the ohms range of a multimeter. (A linear
potentiometer would be much too cramped at the
low end.)

Log. law volume controls are subject to large
tolerances, usually 3319, so to be sure of reaching
hfe = 1,000 one would need a 1.3MQ control. How-
ever, the precise upper limit is not very important
and a standard 1MQ log. volume control is good
enough. Avoid miniature controls: the resistance
variation of volume controls is never the smooth
logarithmic curve which it should be, and in general
the smaller the component the more violent the
departures from what is desirable.

So far we have tested only an n.p.n. TR1. To test
a p.n.p. type, Sl is turned to the ‘p.n.p.” position.
This substitutes TR3 for TR2 and changes the
polarity of the supply. The polarity of the emitter
bypass capacitor for TR1 should also in theory be
changed. In practice it is easier to make it rever-
sible, either by connecting two normal electrolytic
capacitors back-to-back as shown (C1 and C2) or by

- using a genuine reversible or non-polarized 50uF,
capacitor if you can find one!

Oscillation is made audible by the 80Q loud-

speaker. The precise impedance is not at all impor-
tant, but the volume given by low impedance speakers
may be inadequate. A miniature 75Q Elac speaker
of good efficiency was in fact used in the prototype
tester, but impedances down to about 15Q are
. probably usable, given high efficiency. It is also
possible to use a telephone earpiece or headphones.
These must be magnetic, not crystal, and to avoid
throwing too much of a load into the collector of
the phase-inverting amplifier it is advisable to con-
nect a 330Q resistor in parallel. This should be done
even if the d.c. resistance of the phones is low,
because some types have quite a high inductance.
Surplus types CHR and CLR are both usable in this
way.

ADJUSTMENT

There are no special constructional or operational
points, except that R4 should be set carefully to the
point at which oscillation just starts if accuracy is
sought. To avoid subjecting the more delicate types
of transistor to excessive oscillation amplitudes start
off with R4 at maximum and work downwards
cautiously. (The transistor under test is, however,
protected against really huge base currents by R7,
which is there for that purpose. Constructors who
want to extend the lower limit of hfe may reduce
R7 at the risk of applying larger base currents if the
tester is not used carefully. T suggest a minimum of
3.3kQ, which when R9 is added fixes hfe at a mini-
mum of 4.3, which should be low enough for any-
body.)

One thing which is much to be recommended is
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to equip the tester with a number of test sockets,
wired to suit commonly used lead-out arrangements.
Too many transistor testers have only one test posi-
tion, often in the form of three wander-plug sockets
too far apart to accommodate modern miniature
short-lead transistors and with holes too wide to get
a grip on thin transistor leads, long or short. A good
arrangement is to bring out emitter, base, and collec-
tor to a 3-way screw terminal block, to which long
test leads may be attached for in-situ work, plus a
reasonable selection of test sockets. The Eagle TS10
4-way plastic sockets are a good bet; they are made
for push-through panel mounting and will accept
nearly all the usual small transistors. A problem
sometimes encountered with transistor testers is h.f.
oscillation, caused by stray couplings in the wiring.
It can often be stopped by wiring low-value resistors,
not more than 1002, close up to the base or collector
tags on each of the test sockets,

It may have occurred to readers that a 1:1
transformer might be used in place of a phase-
inverting amplifier. This is indeed the arrangement
used in many testers of this type. 1 considered the
idea but rejected it on the grounds that there seemed
to be no simple way of allowing accurately for
certain errors, notably the losses in the transformer
itself. Of course, if you have access to a good selec-
tion of transistors whose hfe is known to within a
few per cent. . . But this is where we came in!

APPENDIX
DETAILED ANALYSIS OF CIRCUIT

Referring to Fig. 1, assume that the amplifier has
infinite input impedance. Then the load in the collec-
tor circuit of TR1 is just RC, and the a.c. collector
voltage is:

................ 1)

If the amplifier has zero output impedance, and
TR1 zero input impedance, then ib = vb/RB. Since,
for unity gain, vb is equal to vc, apart from the
phase inversion, it follows that:

ib = ve/RB .................. )

Substituting this value for ib in (1) and doing a
bit of algebra gives:

hfe = RB/RC ................. 3)

In practice, of course, the idealistic assumptions
we have made are not justifiable, so we must now
make allowances for the imperfections of the real
circuit. First, the input impedance of the amplifier
is not infinite. It is made up of two known quan-
tities, RS and R6, each of which shunt the load
of TR1, and the input impedance of the amplifier
transistor itself, i.e., TR2 or TR3. This is made high
by emitter feedback and is approximately hfe.RS8,
where hfe refers to TR2 or TR3. To make it so high
as to be negligible, the amplifier transistor must
have a high hfe. Of the types shown, the 2N4289 has
the lower hfe, an average value being 250. Thus a
further 250kQ is placed across the circuit. This is
comfortably high in comparison with the equivalent
of RS and R6 in parallel (50kQ), and we can say
with reasonable confidence that the net effect of ail
these components is to reduce the effective value of
collector load of TR1 by a little over 2°. We shall
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allow for this later.

Another false assumption was that the input re-
sistance of TR1 is zero. It could be as high as 25kQ
for a transistor with hfe = 1,000. The input resistance
is in fact made up of two elements. One is the so-
called ‘extrinsic base resistance’, a fixed resistance
which appears in the base lead of the transistor and
hardly changes with working conditions. If it is
known for a particular transistor it can be added to
RV4, otherwise we ignore it and tolerate the error.
(With transistors with high cut-off frequencies it is
low anyway.) The second part, the ‘intrinsic base
resistance’ is calculable and for IC = 1mA it is
25.hfe ohms. Thus if hfe = 100, this internal resis-
tance is 2.5kQ. Now, the total base resistance at the
point of oscillation is 100k for hfe = 100, so the
error due to the internal resistance is some 2.5%
and the meter reads low. Fortunately, RV4 is set
high when the internal resistance is high, and vice
versa, and this error of 2.5%, applies for all transis-
tors. It can therefore be allowed for.

The method of allowing for all the calculable
errors is to increase the collector load of TR1 from
its nominal 1kQ by adding R1. The percentage
errors noted so far add up to 4.5%, which implies
that R1 should be 45Q. In practice, it needs to be
a little more, because we have ignored factors such
as the actual gain of the inverting amplifier, which
must be slightly less than 1 if R8 is exactly equal
to R9, My estimate suggests that 56Q is the nearest
standard value for R1 for correct compensation.

The only remaining built-in source of error is the
output impedance of the amplifier. This is so high in
relation to RY that we can ignore it: R9 itself is
allowed for in calibrating RV4, along with R7.

We have now reduced errors to the point at which
resistor tolerances become dominant. Here R2, RS,
and R9 can all cause errors of 2% if this is their
tolerance. Add to this another 2% for errors in
calibrating RV4 and a final 2%, for errors not
properly compensated by RI and the grand total,
if all go in the wrong direction, is 10%,. If there is
a law of averages and it works here, a more likely
figure is 5%. This is small enough to-ensure that
the biggest error is likely to be the human one of
not reading the scale of RV4 accurately enough. H

THE ‘STEREOSIM’

The two 10MQ potentiometers listed as VR4A and
VR4B in “The ‘Stereosim’” (described in the July 1971
issue) are no longer available from the source quoted
in the article. If readers have difficulty in obtaining this
value in panel-mounting potentiometers elsewhere, a
suitable alternative is the 10MQ carbon skeleton pre-set
vertical mounting potentiometer type PR, which is avail-
able from Electrovalue, 28 St. Judes Road, Englefield
Green, Egham, Surrey. The Electrovalue potentiometers
may be mounted on small tagstrips fitted close to TR3A
and TR3B respectively.

THE RADIO AMATEUR OPERATOR’S
HANDBOOK

The new edition, the twelfth, of this popular data
book will be published early in October.

Comprising 80 pages, the cover price is 45p, by
post S0p.

1t would assist our administration if orders, where
possible, are not sent in before 1st October.

SEPTEMBER 1971

NOW HEAR THESE

Times = GMT Frequencies = kHz
® EQUATORIAL GUINEA

Santa lsabel, Fernando Po, operates on 6250
(48.00m) 10kW with the Home Service from 0500
to 2300. Announcements are mostly in Spanish and
the music of Spain is largely featured in their pro-
grammes. The address is — La Voz Guinea Ecua-
torial, Apt. 195, Santa Isabel.

The other transmitter in this country is that of
EAJ206, Bata, Rio Muni on 4926 (60.90 metres)
5kW. This station, like that of S. Isabel, can often
be heard from around 1900 onwards. The address
is — Radio Bata, Apt. 57, Bata, Rio Muni.

Readers locating 6250 on the receiver dial (listen
for the nearby transmitter emitting the letter U in
Morse continuously — two dots and one dash) should
make a note of the dial reading. On the same fre-
quency, from 0200 or so onwards, listen for OAX7A
Radio Cuzco in Peru, usually heard best at this time
of the year from 0200 through to 0330. OAXT7A
closes at 0500, the address is — Ca.Shapi 601, Cuzco.
® DAHOMEY

Cotonou can be heard on 4870 (61.60m) 30kW
from around 1900 onwards. The programme lan-
guage is mainly French, the station often featuring
guitar music. Listen for the identification “Ici Coto-
nou . . .” usually made every half hour. The address
is — Radiodiffusion Du Dahomey, B.P. 366, Cotonou.
@® TANZANIA

Dar-es-Salaam with the Home Service in Swahili
can be heard on 5050 (59.41m) 20kW from around
1900 onwards. African drums and rythmic chants/
songs are a feature of this station. Listen for the
Swahili announcement “Hii ni Radio Tanzania, Dar-
es-Salaam.”

The address is — Radio Tanzania, P.O. Box 9191,
Dar-es-Salaam.
® KENYA

Another African station broadcasting in Swabhili
is Kisumu on 4804 (62.44m) SkW. Listen for “Hii ni
Sauti Ya Kenya” identification. The address is —
Voice of Kenya, Box 30456, Nairobi.
® SAO0 TOME

Just above Kisumu on 4804 is Sao Tome on 4807
(62.41m) 1kW. A feature of this station is Portuguese
music and songs. The schedule is from 0530 to 2300
and the address is — Emissora Nacional de Radio-
difusao, Caixa Postal 44, Sao Tome. Often best heard
in the UK. from around 1930 onwards.
® LATIN AMERICA

For some relatively ‘easy to log’ Latin American
stations, listen from around 0415 onwards on 4920
(60.98m) 1kW for YVKR Radio Carcas, Venezuela;
on 4955 (60.54m) for HICQ Radio Nacional, S0kW,
Bogota, Colombia, on 4965 (60.42m for HIAF Radio
Santa Fe, Bogota; and on 4945 (60.67m) for HIDH
Radio Colosal, Neiva.
® CONGO

Bukuvu, on 4839 (62.00m) 10kW, may often be
logged from around 1930 till 2000 sign-off (2100 on
Saturdays and Sundays). Programme lanenages are
French and vernaculars, listen for “Ici Bukuvu” at
the beginning of each identification. The address is
— B.P. 475, Bukuvu.

Acknowledgements:— Our Listening Post. W
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Front view of the gate-dip oscillator

HE UNIQUE DIP-OSCILLATOR TO BE DESCRIBED CAN
be constructed in two or three evenings at
quite low cost. As the illustrations show, the

finalised item is attractive in appearance; it is also easy

to copy.

In amateur radio applications a dip-oscillator is con-
sidered an invaluable aid and is generally found more
useful than a conventional signal generator. With the
aid of a dip-oscillator, the tuned circuits of radio
equipment under construction or test can be reso-
nated fairly accurately without the apparatus under
examination even having to be switched on! In a
v.h.f. transmitter design under construction there
may, for example, be some six tuned circuits to ad-
just prior to switch-on, and by employing a dip-
oscillator the constructor can be reasonably certain
of correct circuit functioning when power is even-
tually applied.

A dip-oscillator may also - if certain switching
is included - be used alternatively as a wavemeter
or ‘absorption’ device to check the resonant fre-
quency of external circuits that are themselves pro-
ducing oscillations.

Designs for dip-oscillators appear from time to
time and valve type grid-dippers are certainly not
unheard-of items. Both valve and solid-state types
are in use at G3TYJ and although the valve model
is generally preferred for its better frequency stability
and overall sensitivity, for portability and general
usage the solid-state specimen - which requires no
external power supply — has much to recommend it.

Complete constructional information regarding
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SEMICON
GATE-DIP (

A. S. CARPE

Bringing the grid-dip oscillator up to
field-effect transistor. The unit descri
4 to 1

the semiconductor type dipper will be given here but
readers should appreciate the fact that it is after all
but a one-off specimen and that the design is con-
sequently dependent upon component spreads and
tolerances.

SIMPLE CIRCUIT

The simplest type of solid-state dipper — and one
which will work surprisingly well — is shown in

Ly

A i} Py
Fig. 1. A simple single-transistor gate-dip

oscillator circuit
=
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DUCTOR
SCILLATOR

‘ER, G3TYJ

e with the aid of a modern low-cost
I here is capable of operation from
AHz

Fig. 1 where TRI, an f.e.t., is made to oscillate at
radio frequency due to regenerative feedback in-
troduced from the drain (d) to the gate (g) circuit.
The frequency range over which the circuit functions
is dependent mainly on VC1 and L1, and if a plug-in
coil system is used for the latter a wide range can
be provided.

The transistor, which may be a type 2N3819, is
sensitive to changes in its working conditions and
the maximum degree of sensitivity is required for
dipper use; since this does not normally coincide
with maximum transistor current it is both con-
venient and practical to introduce a sensitivity con-
trol (VS1) into the Source (s) circuit. In the test
model TRI performed most effectively when its
measured current drain was 3maA.

When TR1 is oscillating freely a potential that is
negative with respect to chassis appears at the upper
end of the 47kQ resistor, the resulting current being
indicated by the meter. If another coil and capacitor
combination is brought close to L1 no change of
current will be indicated by the meter unless both
circuits are tuned to the same frequency, whereupon
the meter pointer will kick downwards smartly as
the external circuit absorbs power. If VCI is pro-
vided with a scale calibrated in terms of frequency
the usefulness of the device becomes immediately
apparent.

The simple circuitry described is attractive except
that it requires the use of a very sensitive meter —
say 50pA f.s.d. — and this is not an inexpensive item.

SEPTEMBER 1971

Cover Feature

A view from the side showing the expanded
metal grille used in the prototype

ALTERNATIVE CIRCUITRY

By employing the circuitry depicted in Fig. 2 a
cheaper and much more rugged meter movement can
be used. A meter with a full-scale deflection of ImA
is employed in the test model but a 2mA type could
also be used.

With switch S1 at position ‘3’ and a battery con-
nected, oscillations developed by TR1 appear across
a small choke (RFC2) connected in the source cir-
cuit and are then fed to a shunt rectifier, D1, which
supplies the base of TR2 with positive-going signals.
Transistor TR2 amplifies these sufficiently to deflect
the meter M1, Under certain circumstances the meter
can be over-driven, therefore VPI is incorporated
as a protection device. The sensitivity of the oscil-
lator stage is, as in the earlier circuit, controllable
by VSI1 in the source circuit. Again, if at any time
an external tuned circuit absorbs power from L1,
the signal amplitude passed to D1 will be reduced,
which in turn will be indicated by M1 as TR2 collec-
tor current falls. As an economy measure choke
RFC2 could possibly be dispensed with, whereupon
the left-hand end of capacitor C3 could be connect-
ed to TR1 drain. When this was checked, however,
it was noted that there was less isolation between the
tuned circuit and the diode, and this could be un-
desirable.

Tt switch S1 is set to position ‘1’ the instrument is
switched off whilst at position ‘2° TR2 alone receives
power, In this position the unit fuactions as a wave-
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Fig. 2. The circuit of the gate-dip oscillator
whose construction is described in this article

meter to indicate when an external oscillating circuit
is tuned to the same frequency as L1 and VCI;
when the two frequencies do not agree the pointer
of meter M1 remains at its zero stop. To avoid
damage to TRI, signals at very high level should
not be applied to the unit when operating in this
mode.

In either connection the device functions up to
around 145MHz the author’s model using nine
coils to provide coverage from 3.8MHz to this fre-
quency. Dip indications are normally observable at
distances of sgveral inches from the circuit under
test.

CONSTRUCTION

A simple ‘skeleton’ case made of 18 s.w.g. alu-
minium accommodates the complete unit, Fig. 3
showing the scheme adopted. Considerable thought
has been given to the layout and it is unlikely that
it can be improved upon to any useful extent. This
layout requires that VS1 be a small component. It
should have a body diameter of Zin. or less, and
components meeting this requirement are readily
available.

The transistors and associated small items are
assembled on a piece of Veroboard of 0.2in. matrix
(available from the supplier listed in the Components
List), the larger items being affixed direct to the
casing.
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COMPONENTS

I Resistors
(All fixed values | watt 107)

R1 220Q
R2 47kQ
R3 220kQ
R4 4.7kQ
VPI 109 pre-set pot., miniature skeleton

VSI

Capacitors
Cl1 5,000pF, ceramic

10k pot., linear (sce text)

C2 150pF, ceramic ,
C3 22pF, silver-mica !
C4 5,000pF, ceramic ;
VCl1 20 + 20pF, 2-gang variable (see text)
Inductors ]
L1 Plug-in coils (see text) '

RFCI1 1.5mH r.f. choke, ferrite cored
(Henry's Radio)

RFC2 1.5SmH r.f. choke, ferrite cored
(Henry's Radio)

Semiconductors

TR1 2N3819
TR2 BC109
D1 OA81
Meter
Ml  O-ImA moving-coil, type MR2P
(Eagle) or MR38P (Sew)
Switch
St 4-pole 3-way (or 2-pole 3-way)
miniature rotary
Battery

9-volt battery type PP3 (Ever Ready)

Miscellanceous
Veroboard, 0.2in. matrix, Part No. 3/1003
(Alpha Radio Supply Co., 103 Leeds
Terrace, Wintoun Street, Leeds))
Vernier dial drive type T.502 (Eagle)
2 miniature control knobs
Octal valveholder, low-loss type
Materials for plug-in coils (see text)
| Materials for case
Wire, nuts, bolts, etc.

Since some constructors may experience difficulty
in making up a small scale marked in terms of fre-
quency a vernier reduction drive, scaled 0 to 100
is fitted instead. Later, graphs relating frequency to
scale reading for each coil can be made up and any
errors subsequently corrected without spoiling a
complete scale.

Note that in the layout of Fig. 3 VCI is shown
very close to the coil sockets to which it connects;
this is desirable and many inexperienced construc-
tors of dip oscillators make the grave error of
placing these two components too far from each
other. This does not greatly affect the low frequency
ranges, but it completely prevents effective operation
at v.h.f.
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I
Copper side of board

Fig. 3. Layout of major components inside the
case

Eventually, when the unit is complete the sides
of the skeleton case may be filled in with expanded
metal speaker grille, as can be seen in the photo-
graphs. Alternatively, sheet aluminium sides with
flanges can be fitted, these being secured with self-
tapping screws passing through the case into the
flanges. Control VPl can be adjusted quite easily
through a tin. diameter hole in one side.

VEROBOARD ASSEMBLY

A piece of 0.2in. matrix Veroboard carrying a
total of eleven conductor strips each with thirteen
holes is used as shown in Fig. 4. Note in Fig. 4(b)
the complete cross-strip severance between holes
6 and 7, this being made with the aid of a fine
file or hacksaw blades. The tuning capacitor is
mounted on the conductor side (on the section
including holes 1 to 6) as convenient, its spindle
passing through the large hole cut out for it. The
moving vanes or mounting are later connected to
the negative supply rail at strip H. No tuning capa-
citor is shown in Fig. 4 since a 20 + 20pF twin-gang
component already to hand was used in the author’s
model and the cut-out shown for the shaft may need
to be changed slightly in size or position. Any two-
gang capacitor of up to SOpF per section can be
utilised provided it is small in physical size. In cases
of difficulty a Jackson Bros. split-stator 25 + 25pF
capacitor type C.808 could be used. (When using an
alternative capacitor, first cut the spindle if necessary
so that, when it is fitted to the tuning drive, the
Veroboard will be spaced away from the front panel
by a distance slightly greater than the depth of the
body of S1. Before making up the case and to avoid
wasted work check also that the capacitor, when
finally mounted can be accommodated within its
24in. depth — see Fig. 5(a). If necessary, slightly
increase the 24in. dimension. — Editor.)

Except for the tuning capacitor only two other
items are mounted on the copper strip side, these
being VP1 and RFC2. On the plain side of the board
D1 and R1 should be mounted vertically, other
items being laid flat in the positions indicated. Semi-
conductors should be mounted last, and their leads
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Fig. 5(a) Dimensions and drilling details of
the main section of the case. Unmarked holes
are 6BA clear
(b) Dimensions of the case back

should be held with pliers to act as a heat shunt
during soldering. All leads should be bent over
slightly on the conductor side prior to soldering, as
spot-type joints can give trouble later.

After the Veroboard assembly is completed the
main case section can be prepared on the lines indi-
cated in Fig. 5(a), which gives essential dimensions.
Hole B will take a low-loss international octal valve-
holder whilst the meter will be located at hole A.
The hole for the tuning capacitor shaft may require
slight repositioning depending on the particular item
used. The simple section of Fig. 5(b) is the back
member which is required later.

When the Veroboard assembly is placed in posi-
tion it will be held firm at three points, these being
provided by the mechanical coupling to VCI, by
the connections to the coil socket and by a stiff lead
from VS1 to ‘earthy’ strip H. The coil connections
are at tags 1 and 5 of the valveholder. The final con-
nections to the meter, switch and VSI1 are clearly
seen in Fig. 6; refer also to Fig. 3.

The recommended battery is the Ever Ready type
PP3. There is ample space available for this in the
battery area indicated in Fig. 3. It may be secured
in position by a simple clamp fitted to the back
member or by any other suitable means.
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Fig. 4(a) Connections on the component side of the Veroboard
(b) Several components appear also on the copper side
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Fig. 6. Connections to the meter, switch and
sensitivity control

COILS

Long narrow coils are quite unsuitable, and the
prototype coils were wound on 2in. long plastic
formers of 1%in. outside diameter, as shown in Fig.
7(a). Plastic tubing was used for these, being force-
fitted onto the bases of unwanted glass octal valves
of the 6k7G or 6k7GT type. It is possible, altern-
atively, to obtain octal plugs to which the formers
can be fitted, but these may prove to be more expen-
sive. Hard Paxolin-type tubing with an outside dia-
meter of 14in. is available from Home Radio in
6in. lengths under Cat. No. ZA25. This has an in-
ternal diameter of approximately 13in. and could be
fitted to the valve bases if the latter were packed up
slightly with tape.

To obtain the bases place the valve to be wrecked
in a strong paper bag and, holding the base firmly
in one hand, tap the glass bulb smartly through the

Wire loop

II/|6”

|
- 2" - ‘3/4,',1

(a) (b)

Fig. 7(a). Details of the plug-in coils
(b). The highest frequency coil consists of a
loop only

bag with a hammer. Keep the face and eyes averted
whilst doing this, as there is a very slight risk of
flying glass escaping from the bag. Subsequently
remove all debris, bearing in mind that the broken
glass will have sharp edges, then fit the former to the
base. Coils are wound nearer the free end of the
former, as in Fig. 7(a). The coil wire terminates in
pins 1 and 5, and each wire end may either travel
down the outside of the former for soldering to the
pin at the point where it protrudes from the base
plastic, or it may be taken through a hole in the
former and then passed through the pin to be sol-
dered at its tip. With the first method, it may be
necessary to file a little of the plating away from the
valve pin to enable a good solder joint to be
achieved.

The accompanying Table gives coil details as
encountered with the prototype and its 20 + 20pF
tuning capacitor. These are intended to serve as a
guide since there will be variations due to different
constructions and tuning capacitors. It will be seen
that the Table lists eight coils wound in the manner
just discussed, whilst the ninth consists of a loop of
wire only. This ninth coil employs the base of an
unwanted ‘metal’ octal valve, which has a flat instead
of a tubular shape, and it is shown in Fig. 7(b).

TABLE
Coil Winding Details
(All wires are enamelled copper.)

Coil No. Turns Spacing SW.G. Coverage (MHz)

1 40 Close 24 38-6.0

2 25 Close 24 60-95

3 13 Wire Dia. 24 95-16.0
4 8 Wire Dia. 24 155-200
5 5 Wire Dia. 24 20.0-330
6 3L Wire Dia. 24 31.0-480
7 24 Wire Dia. 20 470-650
8 14 Wire Dia, 20 60.0-90.0
9 Loop 18 100.0 - 145.0

1
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Fewer coils will be required with tuning capacitors
larger in value than 20 + 20pF, and constructors
may prefer to take advantage of this fact. When
making up the coils it is desirable to obtain a degree
of frequency overlap from onc range to the next,
and it is wise (o remember that il is casier to take
off a turn than to add one. Start with the lowest
frequency coil desired and work upwards in logical
fashion. Frequency coverage can be checked with a
receiver.

TESTS AND CALIBRATION

Initially, circuit functioning must be tested. Plug in
the lowest frequency coil (which for test purposes
may be similar to coil No. 1 in the Table) and sct
VS! and VPI to about half-travel, then switch on
the dip-oscillator. Subsequently VP1 should be set
to afford almost full-scale deflection in the meter
when VSI1 is adjusted for maximum sensitivity. If
the coil windings are gripped betwcen forefinger
and thumb the meter pointer should fall back
smartly, and the best position for VSI is soon
found. If, during this test, meter current is seen to
increase rather than fall, VS is incorrectly set.

Some slight readjustment of VS1 is usually neces-
sary when going from range to range but VP1 does not
normally require altering if initially set up on the
lowest frequency range to be used.

Calibration of the test model was carried out
using the station wavemeter, communicalions re-
ceiver and crystal marker.

Scale readings relative to frequency can be made
on graph paper for each range. It may be noted that
precise calibration is hardly possible with simpie
apparatus of this type nor is it entirely essential since
one merely requires to know approximately the
operating frequency of the external circuit. In Fig. 8,
for examiple, circuitry relating to the frequency multi-

+150v
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A
Fig. 8. Using the gate-dip oscillator described
here, the coils in this circuit can be resonated

without even switching it on!
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One of the coils and the high frequency loop
appear here

plier stages of a v.h.f. transmitter is shown. Here
the crystal fundamental frequency may well be
8MHz from which it is hoped to eventually extract

via coil L2 the higher harmonic frequency of
72MHz, coil L1 being pre-tuned to 24MHz. Due to its
core range or to incorrect winding L1 may actually be
tunable to several harmonics of the 8MHz crystal

say 16, 24 or 32MHz. If the wrong one is taken -
say that at [6MHz — V2 may well triple this to
48MHz, which is not wanted. By using the dip-
oscillator beforehand, however, tuned to 24MHz
or thereabours. L1 core can be pre-set to show a ‘dip’
and L2 can similarly be pre-set to 72MHz or there-
abouts without the circuit even being switched on.
When it is switched on later it will already be known
that both Lt and L2 are quite close to their correct
frequency settings and the circuit may then be
peaked for maximum output in the usual way. Later

Looking directly into the side of the dip
oscillator
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still the ‘dipper’ may be set to act in its alternative
role as a wavemeter and, if brought close to either L1
or L2 with the appropriate coil plugged in, will show
an indication when the crystal oscillator stages are
operating. Since the harmonic frequencies are crystal

controlled the wavemeter calibration scale graphs
can be back-checked — and so on,

To finalize the unit apply a coat of lacquer and
add neat legends using wording from Data Publica-
tions Transfer sets. |

Latin American Quest

(6) ARGENTINA CHILE
PARAGUAY URAGUAY

N THE PREVIOUS ARTICLE IN THIS SERIES. PUBLISHED
last month, the countries of Latin America briefly
reviewed were Bolivia, Brazil, Ecuador, F.Guiana

and Peru. This month we deal with the remainder of
the countries on the S.American continent. beginning
with Argentina.

ARGENTINA - AN OUTLINE

With an area of 1,072,745 square miles and an
estimated population of 21,000,000, this country is
the second largest S.American nation, extending from
the sub-tropics some 2,300 miles to Tierra Del Fuego.
Argentina lies between the Andes and the Atlantic
Ocean and has its capital at Buenos Aires.

Bordered by Chile in the West, Bolivia in the
North, Paraguay, Brazil and Uruguay in the N.East
and the Atlantic in the S.East, the country consists
of four regions. In the West are the Andes and
Andean slopes, the prificipal cities of which are
Tucuman and Mendoza; in the North are the plains
of Chaco; in the South is Patagonia and in the centre
is the Pampa where most of the population and
wealth are concentrated. Chief cities are Buenos
Aires at the mouth of the Rio de la Plata, Rosario,
La Plata, Santa Fe, Bahia Blanca, Mar Del Plata
and Cordoba.

Argentina — Short Waves
Argentina is four hours behind GMT from April

to October and three hours behind GMT from Octo-
ber to March, the language is Spanish.

Most short wave broadcast stations in the country
are government controlled, either in the International
Service or commercial.

Most of the Argentine stations operate on the
higher frequency bands, there being both an Inter-
national and a Commercial Service.

In terms of LA reception here in the UK., the
Argentine is not a difficult country to log. The
powerful transmitters of the International Service
present little problems for Dx'ers providing con-
ditions are reasonable at the time. In Table IX are
listed these transmitters, )

The announcement to listen for, in English, is
“This is the Argentine calling”. The English schedule,
at the time of writing, is from 2300 to 2400GMT
on 11710kHz with a newscast at 2302GMT, in
the service beamed to Europe.

The government owned commercial stations are
listed in Table X. All of these stations are located
in Buenos Aires and they are, in the main, more
difficult to receive than those of the International
service.

Argentina is the home of the gaucho, large cattle
herds and the vast pampas, much of its music and
songs deriving from this romantic vision. Like most
of the LA countries, the programmes from Argentina
are colourful and well worth hearing.

TABLE IX
kHz kW Station Schedule GMT
6090 35 LRY! Buenos Aires, ‘Radio Belgrano’ 1600 - 2200
0300 - 0800
9690 100 LRA32 Buenos Aires, ‘Radio Nacional’ 0000 - 0700
0900 - 1000
11710 100 LRA35 Buenos Aires, ‘Radio Nacional’ 1015 -1115
1900 — 2345
11780 75 LRY2 Buenos Aires, ‘Radio Belgrano’ 1900 - 2200
0300 - 0700

104

THE RADIO CONSTRUCTOR

www americanradiohistorv com


www.americanradiohistory.com

TABLE X

kHz kw Station Schedule GMT
945 1 ‘Radio Splendid’ 1200 - 0400
a0u0 35 ‘Radio Belgrano’ 1800 — 1000
6120 10 ‘Radio El Mundo’ 1600 — 2000

0100 - 0500
9710 6 ‘Radio El Mundo’ 0100 - 0400
9740 10 ‘Radio Splendid’ 1200 - 0400
11775 7 ‘Radio El Mundo’ 1800 - 0100
11780 8 ‘Radio Belgrano’ 1800 - 1000
11880 20 ‘Radio Splendid’ 1200 - 0400
15290 10 ‘Radio El Mundo’ 1200 - 2000

CHILE - AN OUTLINE

Chile has an area of 286.396 square miles and a
population of around 8,000,000. The country is
situated on the South West coast of the continent.
It is a long (about 2,600 miles) strip, never more
than 250 miles wide between the Andean range and
the Pacific Ocean. Chile also includes Easter Island
and the Juan Fernandez Isles.

Chile itself has deserts in the North producing
nitrates which are exported through the ports of
Antofagasta and Arica. In the centre is a rich long
valley which is the ‘garden’ of the country, wherein
live the majority of the population (roughly 5%,
Indian, 309, European-descended and 65%, Mestizo —
Spanish/Indian). Located in this valley is the capital
Santiago and other large cities including the port of
Valparaiso and the nearby Vina Del Mar. Where the
Andes approach the sea, a resort area of alpine-like
lakes near Puerto Montt. is a natural playground.
To the South of this areais the city of Punta Arenas.
In the Southern tip of Chile is the frigid tundra of
the Tierra Del Fuego. much featured in the Charles
Darwin story.

The first of the Spanish conquerors was Almagro
with an expedition from Peru in 1536, this being
defeated both by the deserts and the Araucanian

Spanish cities although the resistance of the local
population was not brought to an end until the late
19th century. Jose de San Martin, leading a force
from Argentina through the high Uspallata Pass,
gained a victory at Maipu in 1818 and made Chile
an independent republic.

Chile — Short Waves

The country is four hours behind GMT and the
programme language is mainly Spanish. On the
short waves, Chile operates a station callsign system
which is the frequency minus one cypher. Thus,
CE619 operates on 6190kHz.

The country is not all that easy to log. most of the
stations have powers of either 1 or SkW although
there are a few having a 10kW rating. However,
such loggings are reported in the U.K. short wave
listener press from time to time. The most favourable
time for reception of Chilean stations is from 0300
to 0500GMT during the summer months. Table XI
lists some of those stations likely to be heard here.

Other Chilean stations operate on the higher fre-
quency bands, all with comparatively low powers.
They are not listed here as we are concerned mainly

Indians. After 1540, Valdivia founded several with LA transmitters on the low frequency bands.
TABLE XI

kHz kW Station Schedule GMT
5975 10 CES97 Santiago, ‘R.Presidente

Balmaceda’ 1000 - 0500
6075 5 CE607 Santiago, ‘Soc. Nac. de Mineria’ 1100 - 0530
6120 5 CEG612 Santiago, ‘Soc Nac. de

Agricultura’ ... . 1030 — 0700
6135 10 CE613 Concepcion, ‘R. Universidad de

Concepcion ... 1200 - 0400
6150 5 CE615 Santiago, ‘La Voz de Chile’ 1100 - 0400
6190 10 CE619 Santiago, Corp Chilena de

Broadcasting” . 1100 - 0400
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PARAGUAY - AN OUTLINE

Paraguay has an area of 157,047 square miles and
a population of around 2,000,000. The country is
situated in the South East of the continent being
landlocked, surrounded by Argentina, Bolivia and
Brazil.

The capital city is Ascuncion, other cities of note
being Concepcion, Encarnacion and Villarica. The
most populous part of Paraguay lies between the
Paraguay and Parana rivers in the East.

To the West of the Paraguay river lies the region
known as the Gran Chaco, largely uninhabited and
unexploited. A war with Bolivia over the boundary
of the Chaco (newspapers at the time referred to the
Chaco as the ‘Green Hell) from 1932 to 1935, left
Paraguay victorious but exhausted.

The population of the country is largely a mixture
of Spanish and Guarani strains with most Para-
guayans being bilingual.

The capital city, Ascuncion, was founded in 1536
but it was not until the early 1700°s that a strong
central rule was established under Hernandarias.
Under his rule, virtual independence from the
Spanish administrators in Buenos Aires and Peru was
achieved. In 1811 Paraguay overthew the Spanish
officials and became completely independent.

Paraguay — Short Waves

Paraguay is four hours behind GMT and the
programme languages are, as outlined above, Spanish
and Guarani.

Broadcasting in Paraguay is carried out under a
government administration, all stations except Radio
Nacional being run on a commercial basis. All
stations have the prefix ZP.

As a general rule, Paraguayan stations are not all
that easy to log here in the U.K. With one exception,
the short wave stations have relatively low powers
either | or 3kW — with programmes for internal
consumption. It is not often that stations from this
country are reported in the short wave press of the
UK.

The list of short wave Paraguayan stations is a
short one and for that reason. all are listed on
Table XIlI.

Probably the most notable feature of broadcasts
from Paraguay is the distinctive music of the country,
in which the harp largely features, the instrument
being played with a gusto that is typically Latin
American. The melodies are tuneful, folksy and
rythmic to a high degree, many of the works being
deeply rooted in the people themselves and in the
flora and fauna which surround them.

TABLE XII
kHz kW Station Schedule GMT
5273 100 ZPA1 Ascuncion, ‘Radio Nacional’ 1200 — 1800
2000 - 0300
5975 3 ZPAG6 Villarica, ‘Radio Guaira’ ... 1200 — 1800
2100 - 0300
6015 1 ZPA10 Ascuncion, ‘Radio Paraguay’ 1500 - 1700
2000 - 2400
6025 3 ZPA1 Ascuncion, ‘Radio Nacional’ 1200 - 1800
2000 - 0300
6110 1 ZPA11 Ascuncion. ‘Radio Charitas’ 0930 - 0300
11850 3 ZPA3 Ascuncion, ‘Radio Teleco’ 1400 - 2300
11945 3 ZPAS5 Encarnacion, ‘Radio Encarnacion’ 1500 - 1700
2000 - 0200
15210 3 ZPA7 Ascuncion, ‘Radio Guarani’ 1200 - 1600
1900 - 2400

URUGUAY - AN OUTLINE

Uruguay has an area of 72,152 square miles and
a population of some 2,800,000. The country is
situated in the South East of the continent with a
capital city at Montivedeo on the South Atlantic
coast.

The Rio de la Plata and the Uruguay rivers
separate Uruguay from Argentina; Brazil lying to
the North and the Atlantic Ocean to the East. The
Banda Oriental is a rich alluvial plain on which most
of the population reside, the area producing olives,
wine, tobacco and wheat, To the North are the areas
of grasslands, gauchos and the great estancias which
have played a large part in the life of the country.

Both the Spanish and the Portuguese contended
106

for the ownership of the country throughout the 17th
and 18th century. The Spanish were ruling when the
movement for independence began, Uruguay de-
claring for independence from Argentina in 1810. In
1814, Artigas broke with the military junta of
Buenos Aires and the war for complete independence
began.

In 1820 the Brazilians occupied Montevideo and
in 1825, a group of patriots known as the Thirty-
Three Immortals declared independence, Brazil being
defeated at the battle of Ttuzaingo in 1827. This was
followed by a fratricidal struggle (1828 to 1851)
between two political parties known as Colorados
(reds) and Blancos (whites); this being mixed with
a rising against Argentina resulting in the long siege
of Montivideo. Not until this century has the country
been free from revolutions and counter-revolutions.
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Uruguay — Short Waves

Uruguay is three hours behind GMT and the pro-
gramme language is Spanish, The country does not
have an International Service as such and it is not
all that easy to receive Uruguay mainly because of

the low powers involved and the fact that most of
the transmitters occupy channels used by more
powerful stations. Uruguayan stations do not operate
below 6000kHz and in Table XIII are listed the
more powerful transmissions in the 6MHz band.

\ TABLE XIII
kHz kW Station Schedule GMT
6010 15 CXAS Montevideo, ‘Radio Sarandi’ .. 24 hours
6055 5) CXAS53 Montevideo, ‘La Voz de Melo’ 24 hours
6125 10 CXA4 Montevideo, 1200 - 0300
6155 10 CXA13 Montevideo, ‘Radio Carve’ 1530 - 1900
2300 - 0200
CONCLUSION specialised treatment has been avoided.

In this six-part series, the author has set out to
try and interest more listeners in the subject of Latin
American Dx. Much more could, of course, be
written about the South American continent and the
wealth of stations operating within its confines. A
general approach has been adopted in order to gain
the widest possible audience and therefore a more

~ Only those countries of the South American con-
tinent have been dealt with, publication of this series
coinciding with the LA ‘season’.

It is hoped that readers interested in Broadcast
band reception have found the series of some interest
and have become actively engaged in the Latin
American Quest. |

NEW PRODUCT

ZINC-AIR BATTERY

An entirely new zinc-air primary dry battery which
is stated to be capable of five to eight times the per-
formance of an equivalent Leclanche cell has been
developed by Crompton Parkinson Ltd., a Hawker
Siddeley Electric company. The package is smaller
and lighter than any conventional battery of similar
capacity. Performance, as compared with other bat-
teries, is illustrated by the accompanying graph.

The first battery in production, type 2AS, takes up
the same space as two AA penlight batteries, is
rated at a nominal 2.8 volts in use and has a capa-
city of at least 2.5 ampere-hours. 1t is now available
to manufacturers and designers of equipment for
evaluation and use.

Possible uses are in military transceivers, tele-
communications, motorised toys such as model aero-

planes, and in portable tape recorders, cameras and

camera lighting equipment.

The anode of the battery is contained in a tough
plastic outer case and is prepared from amalgamated
zinc powder. It mcorporates the negative terminal

of the cell and is in contact with the electrolyte g 20
solution of potassium g .

which is a concentrated
hydroxide.

The air cathode structure consists of several layers
held in an external plastic frame:
1. The outer layer, made of micro-porous p.tf.e.
film, which is hydrophobic, i.e. it allows oxygen
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from the atmosphere to diffuse through it into the
cell while at the same time containing the liquid
electrolyte so that the battery can be used in any
position.
2. A layer of catalyst on the inside face of the
p.t.f.e. This, being in contact with electrolyte, con-
verts the oxygen to hydroxyl ions without itself
being consumed in the process.
3. A metal mesh connected to the positive terminal
of the cell which collects the current generated at
the catalyst layer.
4. The final layer, which is a permeable separator.
Although allowing free passage of the conducting
ions. this prevents direct electrical contact between
the anode and cathode.

Further details are available from Crompton Par-
kinson Ltd., Crompton House, Aldwych, London,
W.C.2.

Typical Comparative Discharge Curves

Continuous constant current discharge of
twg ‘A (penlight) cells at 250 mittiamps

Zine Air

12
08
- 04

HOURS
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SIMPLIFIED SEQUENTIAL LATCHING

GIRGUIT

M. G. ASHBY

We have recently published several articles describing on-off latching
arrangements by means of which a circuit can be switched on, and then off,
by sequential closures of a press-button. The circuit described in this
article offers an exceptionally simple approach, and requires only two

relays

to produce a sequential latching switch action.
and Fig. 1 shows a simple symmetrical circuit
that will do this job.

IT IS NOT NECESSARY TO USE MORE THAN TWO RELAYS

RLA}
RLA RLB
5
L
RLB|<—, RLB>
Supply
voltage

Fig. 1. The sequential switching circuit with
single-pole push-button. In this diagram, and
in Fig. 2, relay coils are depicted as rect-
angles and relay contacts, ‘detached’ from
their coils, are shown in the de-energised
position

itely until SI is again depressed, whereupon RLA
coil is short-circuited via its own contacts RLAI,
and RLA falls out. RLB remains latched through its
own contacts until S1 is released, whereupon RLB
also falls out and contacts RLBI and RLB2 return
to the de-energised condition. The next push on S1
starts the cycle over again. An external circuit can
be controlled by additional contacts on RLA.

If the input at Sl is thought of as a pulse, then it
can be said that RLA changes state on the leading
edge, and RLB on the trailing edge, of every pulse.
The circuit can, in fact, be regarded very approp-
riately as an electro-mechanical equivalent of the
steered bistable. Stages such as that of Fig. 1 can
thus be cascaded to form low-speed dividers and
counters, contacts on the RLA of each stage taking
the place of the input switch, SI, in the following
stage.

FURTHER SIMPLIFICATION
Where a double-pole switch is available at the

input, the circuit can be still further simplified, as
shown in Fig. 2. In this arrangement RLB needs

CIRCUIT OPERATION

The circuit operates in the following manner.
When S1 is depressed, RLA is energised via the
normally-closed contacts of RLB, and contacts RLA1
become closed. For the time being RLB cannot
operate, as its coil is short-circuited through SlI.
When S1 is released, RLA remains latched-up
through its own contacts RLLA1, Because this current
is drawn through RLB coil, the two relays are ener-
gised in series and contacts RLB1 and RLB2 change
over. The circuit is stable in this condition indefin-
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RLA[ ]
Supply
RLB voltage

|

RLB[

Fig. 2. With a double-pole push-button the
relay circuit becomes even simpler
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only a single changeover contact. When St is depres-
sed, RLA is energised by the full supply voltage,
since RLB is short-circuited via Sli(a) and its own
normally-closed contact at RLB1. When S1 is re-
leased, the two relays are held up in series via RLAI,
and contacts RLB! change over. The circuit is
stable until SI is again depressed, whereupon RLA
coil is short-circuited and RLA falls out. It is now
the turn of RLB to be held up by the full supply
voltage, until Sl is released and the circuit reverts
to its original state. Again, additional contacts on
RLA can be used to control an external circuit.

SUPPLY VOLTAGE

If relays of identical type are used for RLA and
RLB the supply voltage for the circuit must be ap-
proximately twice the operating voltage of the type
of relay used. For two dissimilar relays, the supply
voltage required is only equal to the sum of their
operating voltages if the coil resistances are in ap-
proximately the same ratio as the respective opera-
ting voltages, which is the same as saying they then
operate in series on the same current.

Where relays are used that do not match in this
way, the supply voltage may (within limits) be raised.
or relays can be padded-up with parallel resistance
which can usefully take the form of indicator lamps
or slave relays. Fig. 3 gives an example. Here two
9V relays, RLA and RLB, of coil resistance 2R and
R respectively, are required to operate in series.

Indicator
lamp
(N
o™
1 o/ 1
[ [
RLp 2R RLg R

< 18V ©

Fig. 3. Padding-up a high-resistance relay coil
to give efficient series operation

On 18V only RLA will operate, as only one-third
of the supply voltage (i.e. 6V) will appear across
RLB. The minimum voltage to operate both relays
without padding is 3 x 9 = 27V. However. by con-
necting in parallel with RLA coil a lamp or extra
relay coil of resistance approximately 2R. both relays
can be made to close on an 18V supply. as the cur-
rent now rises to 18/2R, or 9/R amps, meaning that
9V appears across each relay. Where a lamp is used
for padding, it must be rated to at least the full
supply voltage, since the series resistance offered by
the other relay is short-circuited during part of the
cycle. [ |

CURRENT SCHEDULES

Times = GMT Frequencies = kHz

* JAPAN

Radio Japan, Tokio. is scheduled to the Middle
East and North Africa from 1745 to 1915 in English,
French and Arabic on 11965 (25.07 metres). Heard
signing-on, in English, at 1745,

* CLANDESTINE

South Vietnam Liberation Radio has a newscast
in English from 1030 to 1045 on 7470 (40.18m) with
10009 (29.98m) in parallel.

* CONGO

Pointe Noire is a regional station which relays
Brazzaville from 0500 to 2000 on 4843 (61.95m)
4kW. Logged when signing-off at 2006 with an-
nouncements in French, identification at “La Voix
de la Revolution Congolaise” and anthem.

* SOUTH AFRICA

Radio South Africa, Johannesburg, currently
operates an English schedule to Europe as follows -
from 1800 to 1850 on 15250 (19.67m) and 21480
(13.97m). From 1900 to 1950 on 9525 (31.50m), 7270
(41.27m), 15250 and 21480. From 2215 to 2315 on
5980 (50.17m) and 9525. From 0015 to 0115 on 5980
and 9525. On Sundays only. there is a transmission
from 1000 to 1150 on 21535 (13.93m). All 250kW.

* HOLLAND

Radio Nederland schedule for Europe is as follows
~ from 0930 to 1050 on 6020 (49.83m), also directed
to West Australia and S.E. Asia on 17810 (16.84m)
and 21480 (13.97m). From 1400 to 1520 on 6020,
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also directed to South Asia on 17810 and 21480.
From 2000 to 2120 on 6020 and 6085 (49.30m) for
Europe only. From 0930 to 1050 on Sundays only
to Europe, 6020, 6140 (48.86m) and 7275 (41.24m).
From 1400 to 1520, Sundays only, on 6020, 17810
and 21480, from 2000 to 2150 on 6020 and 6085.
Address — Radio Nederland, P.O. Box 222. Hilver-
suni.

* CAMBODIA

The National Network from Phnom-Penh operates
from 2200 to 1600 on 4907 (61.14m) 15kW. The
International Service is from 2400 to 1600 on 6190
(48.47m). The transmissions in English are from
0435 to 0500, from 0540 to 0600 and from 1245 to
1300. Identification is “This is Radio Phnom-Penh,
the Voice of the Cambodian Republic”. Address —
Radiodiffusion Nationale Khmere,28 Avenue Sandech
Chuon Nath, Phnom-Penh.

* CONGO KINSHASHA

The 100kW outlet of RTV Congolaise on 15245
(19.68m) now has almost a 24 hour service. In addi-
tion to the parallel frequencies of 4880 (61.48m)
I0OkW and 9650 (31.09m), a new channel of 11865
(25.28m) is reported to have been added. The regional
station at Lubumbashi is listed as using 11862
(25.29m) whilst the channels mentioned above are
those of the Kinshasha transmitters.

* GREECE

The Hellenic National Broadcasting Institute,
Athens, may be heard from 2200 to 2230 on 15347
(19.55m) 7.5kW. From 1940 to 1950 short news
bulletins in French, English and German are radiated.

Acknowledgements:— Our Listening Post, SCDX
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6c HY,” ASKED DICK DESPAIR-
W ingly, “‘do they keep doing
TR

Smithy entered a further word in
his after-lunch crossword puzzle.

“Who,” he asked, preoccupied,
“are ‘they’?”

“The transistor manufacturers.”

“And what is it they keep doing?™

“They keep introducing new
letters and symbols into their tran-
sistor data. that's what they keep
doing.”

“Hmm." grunted Smithy. “Well,
1 will agree that the letters and
symbols standing for transistor
characteristics have been swapped
around quite a bit over the years.
What's the one that’s puzzling you?"

THERMAL CHARACTERISTICS

Dick pointed a finger at an entry
in the transistor data shect he had
been studying.

“It’s this symbol here,” he replied.
It consists of a capital “T” followed
by the small letters ‘stg’.”

““Tstg’ 77, repeated Smithy.
“Why, there’s nothing difficult
there. ‘Tstg’ merely stands for stor-
age temperature. The data sheet
should state the maximum and
minimum temperatures at which
the transistor in question may be
safely stored before it is brought
into service.”

“The maximum storage temper-
ature quoted here,” said Dick, “is
75°C.?

“Then,” replied Smithy with
certainty, “the transistor in question
will be a germanium type. Many of
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Life is rarely easy for Smithy the Serviceman. This month,

as he settles down to his crossword puzzle after lunch he is,

as usual, prevented from completing it because of his assis-

tant’s avid thirst for knowledge. In this instance Smithy finds

himself passing on to Dick the basic fundamentals of heat
dissipation in transistors

these, including in particular the
earlier ones, have the low maxi-
mum storage temperature of 75°C.
Metal cased silicon transistors, on
the other hand, usually have maxi-
mum storage temperatures of the
order of 175° to 200°C, whilst plas-
tic encapsulated silicon transistors
normally have a maximum storage
temperature around 125°C.”

“You refer to that 75°C figure as
though it was quite low,” remarked
Dick. “But I would have thought
that 75°C was pretty hot. After all,
it's not much short of 100°C, and
that’s the temperature of boiling
water.”

“A storage temperature of 75°C
is not as high as you seem to think
it is,” returned Smithy. “Apart from
conditions in the Tropics. you can
get surprisingly hot conditions in
this country, too. If, for instance.
the transistors happened to be pos-
itioned close to a radiator in a
badly ventilated store without
proper air convection, they could
get much hotter than you might at
first imagine.”

“I see,” said Dick thoughtfully.
“Well, now, another symbol that’s
puzzling me is the capital letter ‘R’
followed by a small ‘th’ and all
manner of other lctters in brackets.”

“I thought,” snorted Smithy
wrathfully, “you were going to ask
me about one symbol only. Now
you’re trotting out a whole family
of them. Dash it all, Dick, T want
to get on with my crossword.”

“Well,” persisted Dick, “what
does ‘Rth’ mean?”

“An upper case ‘R’ replied
Smithy, “followed by ‘th’ as a

lower case subscript is a recent
symbol for transistors which has re-
placed the old theta.”

With which pronouncement
Smithy retired stonily behind his
newspaper.

“Corluvaduk,” commented Dick

bitterly, addressing himself to the
electric light bulb over his bench.
‘You ask him a question and he
gives you an answer that’s more
confusing even than the question
was! Did I say anything about up-
per and lower cases?”

[rately, Smithy threw his news-
paper to the back of his bench.
pulled his note-pad towards him and
beckoned his assistant over. Elated
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at this sudden and unexpected capit-
ulation on the part of the Service-
man, Dick hurried across with his
stool and made himself comfortable
at Smithy’s side.

“It’s always the same after lunch,”
grumbled Smithy. “Nothing else but
you and your continual questions.
Seeing that I'll never get any peace
until your curiosity is satisfied, 1
suppose I'd better get this business
over and donc with now. I'll deal
with the upper and lower case bit
first. ‘Upper case’ is a printer’s term
for capital letters, and ‘lower case’
is the complementary term for small
letters. The printer’s type for the
capital letters is kept in the ‘upper
case’ and that for the small letters is
kept in the ‘lower case’. You'll
quite {requently encounter the terms
in technical literature dealing with
symbols. Okay?”

“Blimey, vyes,” said Dick, in-
trigued. “That’s something I didn’t
know before.”

“Good,” replied Smithy. “Now,
the symbol ‘Rth’ was your basic
query, so I'll get on to that next.
‘Rth’ stands for ‘thermal resistance’.
It is tending to replace the old
term for thermal resistance, which
was the Greek letter theta.”

“Is that the letter which is like
an ‘O’ with a line across the
middle?”

“That’s right.”

“I’ve seen that letter plenty of
times in transistor data sheets,” said
Dick, “but I never really under-
stood what it meant. It’s got some-
thing to do with the cooling of
power transistors, hasn’t it?”

“It has to do with the cooling
of all transistors,” replied Smithy,
“although in practice you usually
only have to apply it to power tran-
sistors. If you want to find the
maximum power a power transistor
can safely handle, you first of all
look up the maximum junction
temperature, for which the symbol
is ‘Tj’, then work from this and the
thermal resistance which opposes
the dissipation of heat from the
junction to the surrounding air.”

“But,” protested Dick, “the tran-
sistor data sheet tells you the maxi-
mum power dissipation in any case,
so why bother with all this thermal
resistance business?”

“With small transistors,” said
THE RADIO CONSTRUCTOR
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Smithy in reply, “it is normally
quite in order to work from the
maximum power dissipation figure
given in the manufacturer’s data. On
the other hand, you should take
account of thermal resistance if
you're designing a new circuit in
which a large transistor is called
upon to dissipate a lot of power.”

“I  think,” pronounced Dick,
frowning, “that I'll need an example
or two to get the hang of all this.”

“Will you?” satd Smithy. “Well
now, let's get out a few transistor
data sheets and I'll show you what
I mean.”

Smithy reached up and took a
file of Mullard transistor data shects
from the shelf above his bench.
He turned through these at random.

“Hcre’s a nice easy one to start
off with,” he remarked after a
moment. “The transistor concerned
is the BF194, which is a small n.p.n.
silicon planar transistor in an epoxy
resin encapsulation. With this tran-
sistor you could work direct from
the maximum power dissipation
figure quoted but, for the sake of the
exercise, we'll find the maximum
power dissipation by means of the
thermal resistance procedure instead.
The maximum junction tempera-
ture for the BF194 is 125°C. and it
has a thermal resistance from junc-
tion to ambient of 0.45°C per

milliwatt. The thermal resistance
from junction to ambient is re-
ferred to, incidentally. as ‘Rth
(j-amb)’.” :

“What’s ‘ambient’?”

“It’s the temperature of the am-
bient, or surrounding. air. Unless
the transistor is operating in a hot
environment this is usually assumed
to be a room temperature of 25°C.”

Smithy drew out his pen and
commenced to draw a sketch on his
note-pad. (Fig. 1).

“Now,” he went on. “the usual
way of visualising the dissipation of
heat from a transistor is to draw
two or more horizontal lines to stand
for the various temperatures. In our
present very simple example the

transistor dissipates heat directly
Tj =125°C
—.a6°
Rih (j - amp)= O-45°C/mW
Tamp =25°C
Fig. 1. Temperature diagram

illustrating maximum power

dissipation in the BF194 tran-

sistor at an ambient temper-
ature of 25°C
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into the surrounding air with no
heat sink or anything like that, and
so we only need two horizontal
lines. We can now find the maxi-
mum power which a BF194 can
safely dissipate. working from the
maximum junction temperature of
125°C and the Rth (j-amb) of
0.45°C per milliwatt. We say that
the upper horizontal line repre-
sents the maximum junction tem-
peraturc specified for the transistor.
whilst the Jower line represents am-
bient room temperature at 25°C.
Heat dissipation from the upper to
the lower temperature is by way of
the thermal resistance.”

=1 suppose.” suggested Dick hesi-
tantly, “that you have to work to
the difference between the two tem-
peratures?”

THERMAL OHM’S LAW

“You do.” confirmed Smithy.
“And you carry out a calculation
which s similar to that for Ohm's
Law. but with power dissipation
being equivalent to current. tem-
perature difference to voltage and
thermal resistance equivalent to
ohmic resistance.”

=l don’t understand that.” pro-
tested Dick. “How on carth can you
say that temperature difference is
cquivalent to voltage? In electrical
circuits it’'s voltage which causes
current to flow. but you can’'t say
that temperature difference causes
power to appear. It's the other way
round. surely?”

“It is,”” agreed Smithy. “and you
have just put your finger on the
weak point in this Ohm’s faw an-
alogy. We're so used to thinking of
voltage as the actuating quantity in
clectrical work that we are liable to
hump into a mental block when we
come Lo this thermal business. What
we have to do is to change our elec-
trical thinking a bit and look upon
current as the actuating clectrical
quantity. If we do that. everything
in the thermal version snaps necatly
into place. Take a look at this.”

Smithy drew a further sketch on
his pad. (Fig. 2).

Direct
current

=z n
< Load resistor
generator T

Fig. 2. The Ohm’s Law analogy
for the diagram of Fig. 1 be-
comes easier to visualise if
current is assumed to be the
actuating quantity in the equiv-
alent electrical circuit
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“Here,” he continued, “we have a
circuit in which the actuating elec-
trical guant'ly is current, and it is
provided i, a direct current gener-
ator v.hich couples into a resistive
load. . thé ¢ rent provided by this
generator * - reascs, so also does the
voltacz -.ring across the load.
If the ciicrent stays the same and the
resi' .hce of the load ncreases, the
voliace will similarly increase. And
so it is with the thermal version. If
the power dissipated by the transis-
tor increases. it’s the same as if the
current in the electrical version in-
creases, and the temperature differ-
ence across the thermal resistance
increases also, as would the voltage
in the electrical version. If the
power dissipated remains constant.
the temperature difference across
the thermal resistance similarly in-
creases if the valuc of that resist-
ance increases.”

“Blimey!” said Dick. “I can see
it all now. Go on. Smithy.”

“Right.” said Smithy briskly. “We
next,work out the power dissipated
in the transistor from the thermal
equivalent of Ohm’s Law. Instead

. E
of saying I=—R- we say that power

equals temperaturc difference divi-
ded by thermal resistance. With the
BF194 the tempecrature difference
is 125 minus 25. or 100°C. and
thermal resistance is 0.45°C pcr
milliwatt. In consequence, the cor-
responding power dissipation is 100
divided by 0.45 milliwatts.”

Smithy scribbled a hasty calcula-
tion on his note-pad.

“Working to two significant fig-
ures,” he remarked, “that power
dissipation comes out at 220 milli-
watts.”

Dick leaned over and looked at
the data sheet for the BF194.

“Gosh.” he said. supremely im-
pressed. *‘That’s the actual figurc
for total dissipation at 25°C am-
bient which is quoted elsewhere on
the sheet. Blimey. Smithy., you
really are a bit of a genius, you
know!”

“T must confess,” replied Smithy
modestly, ‘that T occasionally have
the odd moment. Anyway, Ilet's
carry this thermal resistance busi-
ness a bit further by finding a dissi-
pation figure for the BF194 which
tsn’t directly shown on the data
sheet. Let’s work out the total per-
missible dissipation if the BF194
happens to be in an ambient tem-
perature of 40°C. This time our
lower line represents 40°C, and the
difference between the two tempera-
tures is 85°C.” (Fig. 3).

“Can T have a go at this one.
Smithy?” asked Dick, as he pulled
the Serviceman’s pad towards him.
“T’d like to get a bit of practice in.
Now, power is temperature differ-
ence divided by thermal resistance
so, in this instance, it will be 85 divi-
ded by 0.45. Which comes out as -
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Tj=125°C

Rth(j- amb) = 0-45°C/mW

Tams = 40°C

Fig. 3. Finding maximum power
dissipation in the BF194 at an
ambient temperature of 40°C

let me sce now — 189 milliwatts. So.
maximum  permissible dissipation
for a BF194 in an ambient tempera-
ture of 40°C is 189 milliwatts.”

“Fair enough,” commented Smithy,
taking back his note-pad. “Let’s
next carry on to the more complex
case which is given when we have
a large power transistor bolted to a
flat heat sink.”

Smithy sketched the transistor
and heat sink. indicating the thcrmal
resistances. (Fig. 4).

Transistor
A

Junction \

the heat sink. Two figures are norm-
ally specified here, one for the in-
stance where the transistor is bolted
directly to the heat sink, and a
second for the instance where the
transistor is insulated from the heat
sink by a mica washer. This second
figure 1s always higher than the first
because the presence of the mica
washer increases the thermal resist-
ance of the coupling between tran-
sistor and heat sink. The final ther-
mal resistance is that between the
heat sink and ambient, which can
be referred to as ‘Rth(h—amb).”

“This,” said Dick slowly, “is get-
ting a bit more complicated.”

“Don’t worry,” Smithy reassured
him, “things don't get any more
difficult from now on. As you can
see, we now have three thermal re-
sistances which are effectively in
series. Let’s draw them up in graphi-
cal manner. I'll also sketch out the
clectrical analogy.”

Smithy drew the temperature dia-
gram (Fig. 5(a)) and 1its electrical
equivalent (Fig. 5(b)).

“Now, the temperature diagram,”
he said, “is the same as the previous

Rth (j-mb)

Rth (mb-h)

Heat sink

Fig. 4. lllustrating the three thermal resistances which appear
between the junction of a power transistor and the ambient air
when the transistor is mounted on a heat sink

“To begin with,” he remarked,
“the manufacturer doesn’t always
bother to quote an Rth figure for
junction to ambient for a power
transistor, since the transistor isn't
intended to be used other than on
a heat sink. So we have a number
of thermal resistance figures inter-
posed between the junction and am-
bient. The first of these is ‘Rth
(j~mb)’ which is the thermal resist-
ance inside the transistor between
the junction and the mounting base.
The mounting base, incidentally, is
the flat surface of the transistor
which is in contact with the flat sur-
face of the heat sink, and it’s the
manufacturer’s job to design the
transistor so that this thermal resist-
ance is as low as possible. Next.
there is ‘Rth(mb-h)’. This is the
thermal resistance in the thermal
coupling between the flat surface of
the transistor and the flat surface of
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one, except that we have four hori-
zontal lines to represcnt the differ-
ent temperatures. The electrical
equivalent has three resistors in
series to represent the three thermal
resistances between junction and
ambient. In the electrical version,
the same value of current must flow
through all three resistances. With
the temperature version the same
amount of heat similarly has to flow
through all three thermal resistances
in its path from junction to am-
bient, and so for purposes of calcu-
lation we can add all the three re-
sistances together, just as though
they were electrical resistances. In
consequence, the total thermal re-
sistance from junction to ambient
is Rth(j-mb) plus Rth(mb-h) plus
Rth(h—-amb).”

“Well,” remarked Dick, “that cer-
tainly seems to simplify things a
bit. Let’s do an example.”

THE RADIO CONSTRUCTOR
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Rth (j-mb)

Y Tmb

Rth (mb-h)

Y Th

Rih(h-amb)

Y Tamb

(@)

YYvY

Direct
current
| Qenerator
! o

AAAAA AMAA

YYYy

AAAAA
YVYY

(b)

Fig. 5(a). Temperature dia-
gram for a power transistor
on a heat sink. The horizontal
lines correspond to junction
temperature, mounting base
temperature, heat sink temper-
ature and ambient temper-
ature respectively

(b). The electrical equivalent
has three resistances in series

NUMERICAL EXAMPLE

“Okey-doke,” said Smithy oblig-
ingly, as he returned to the tran-
sistor data sheets. “I'll choose a
good old faithful with which you
should be familiar, this being the
OC36. The OC36 is a germanium
power transistor fitted in a metal
TO-3 case and has a value of
Rth(j-mb) of 1.5°C per watt. If the
transistor is bolted direct to the heat
sink, Rth(mb-h) is 0.2°C per watt,
and if it is insulated by a mica
washer Rth(mb-h) is 0.5°C per
watt. These two figures assume that
a thin film of silicone grease is
applied to all adjoining surfaces.
The figures are applicable, inci-
dentally, to all TO-3 transistors.”

“What about the thermal resist-
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ance between the heat sink and
ambient?”

“That depends,” replied Smithy,
“on the size and shape of the hecat
sink. A ribbed heat sink measuring
about 5 inches square can be ex.-
pected to have an Rth(h-amb) of
2.5°C per watt in free air, so we
might as well choose that figure as
an example. The maximum junc-
tion temperature for an OC36 is
90°C, and we next make up a ther-
mal resistance diagram with actual
figures. I'll assume the transistor is
bolted direct to the heat sink with-
out the mica washer, so that Rth
(mb-h) is 0.2°C per watt.” (Fig. 6).

“The total thermal resistance,”
broke in Dick whilst Smithy drew
out the thermal resistance diagram,
“when the OC36 is mounted direct
to the heat sink is 1.5 plus 0.2 plus
2.5°C per watt, isn’t it?”

“That’s right,” agreed Smithy,
“and those figures add up to 4.2°C.
I'm now going to do a calculation
which may surprise you a little.
The maximum power dissipation
quoted for the OC36 is 30 watts, so
let’s find the highest ambient tem-
perature at which it can safely work
when it is dissipating that power and
is directly mounted to the heat sink.
Since power is temperature differ-
ence divided by thermal resistance,
a little algebraic changing around
tells us that temperature difference
is power multiplied by thermal re-
sistance. This agrees with the Ohm’s
Law analogy, since E=IR. In the
present case the temperature difler-

T =90°C

- ©
Rth(j—mb) =|-5°C/W

v Tmb

Reh (mb-h) =0-2°C/W

\ Th

©
Rth(h-amb) = 2-5 C/W

L Tamb

Rin(total) = I'5+02+2:5=4-2°C/W

Fig. 6. Temperature diagram

for an OC36 bolted directly to

a heat sink having a represent-

ative thermal resistance to

ambient. The maximum junc-

tion temperature for the OC36
is 90°C
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ence becomes 4.2 multipled by 30,
which is 126°C.”

Dick laughed.

“We'd have to keep that transis-
tor and its heat sink in the ice-box,”
he chuckled. “The highest safe am-
bient temperature at which the tran-
sistor can work is 126°C below
90°C, which is minus 36°C!”

“Exactly,” grinned Smithy. “We’d
obviously need some form of forced
cooling if we tried to run the OC36
at 30 watts. This is an instance
where you can’t work to the quoted
maximum power dissipation figure,
and where you have to take thermal
resistance into account. So, let’s
work the thermal resistance way.
Let’s assume an ambient {empera-
ture of 50°C and find the maximum
power the OC36 can dissipate on
our heat sink. Since the temperature
differcnce is now 40°C only, the
maximum power is equal to 40 divi-
ded by 4.2. This comes out to-
hang on a moment—9.5 watts.
Which is, of coursc, quite a reason-
able figure for transistors in the
OC36 category.”

“So far as I can sce,” said Dick,
“the biggest difficulty with these
thermal resistance calculations lies
in the heat sink. Even if you know
its nominal thermal resistance to
ambient, this resistance could still
be reduced if the sink doesn’t have
enough air circulating around it.”

“That’s true,” agrecd Smithy.
“The best design approach for a
new piece of equipment incorporat-
ing power transistors consists of set-
ting up the circuit to be used in
practical form, and of then measur-
ing the temperature at the transistor
mounting base. In a manufacturcr's
design laboratory this would almost
certainly be done with a thermo-
couple thermometer. Now, there’s a
useful short-cut here. If you multi-
ply the power dissipation of the
transistor by its Rth(j—mb) you get
the corresponding temperature dif-
ference  between junction. and
mounting base. Let’s next say wc
want to run an OC36 at 8 watts. Its
Rth(j-mb) is 1.5°C per watt and
this, multiplied by the 8 watt power
figure, gives you 12°C. The maxi-
mum junction temperaturc is 90°C,
so the maximum mounting base
temperature is 90 minus 12, or
78°C. It would, thercfore, be safe to
dissipate 8 watts in the OC36 pro-
vided that the mounting basc tecm-
peraturc did not risc above 78°C,
and with this approach we don’t
even need to cvaluate the remaining
thermal resistances. If the mounting
base temperaturc becomes higher
than 78°C the circuit would have
to be altered to reduce dissipation
or the heat sink made Ilarger or
more efficient.”

“It seems to me,” remarked Dick.
“that if you were using a particular
type of transistor in a number of
different circuits, it would be worth-
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while making up a graph showing
mounting base temperaturc against
maximum power dissipation.”
“That would be an excellent
idea,” replicd Smithy, taking up his
pen again. “It would be a very
simple graph to draw up, too. The
horizontal axis can be for mount-
ing base temperature and the ver-
tical axis for power dissipation. You
then find the maximum mounting
base temperature at which the
transistor can dissipate its maximum
rated power and plot this point on
the graph. To the left of that point
the graph is a straight horizontal
line. To the right of the point it’s
a straight line going down to maxi-
mum junction temperature at zero
power. This is what the graph
would be like with an OC36.”

Max. rated power

30" - o
. /
/
204
Power  Permissibie
dissipation area of
(watts) operation
104
9%
o JLLLLLLL,

mal resistance, but youwll still find it
expressed in terms of the Greek
letter theta in many of the data
sheets that are knocking around.
Theta means exactly the same thing
as Rth. Sometimes it’s followed by
the letter ‘m’, in which case it’s the
same as Rth(j-mb). If it’s followed
by the letter ‘i’ it’s the same as
Rth(mb-h). It may, again, be fol-
lowed by ‘h’ whereupon it means
the same as Rth(h-amb). Another
point is that youw’ll often find the
word ‘case’ or the small letter
used as a subscript. These both
mean the same as ‘mounting base’
or ‘mb’. Hang on a jifly and Tl
write out these various terms, as
they’re a little difficult to keep in
your head.”

Smithy wrote out the terms on a

Max. Tmp at max. rated power

Tmb °C)

Fig. 7. Graph illustrating maximum power operating conditions
for an OC36. The transistor must not be operated at any power
and mounting base temperature which falls outside the shaded

Smithy indicated the graph he
had becn sketching out whilst he
was talking. (Fig. 7).

“You’ll sce,” hc went on, “that
the original point plotted is given at
30 watts and 45°C. With the Rth
(7=mb) of 1.5°C per watt which
appears in an OC36, 30 watts cor-
responds to a mounting base tem-
perature of 90 minus 45, which is
45°C.”

EARLIER SYMBOLS

“Well,” remarkcd Dick, “you’ve
certainly given me some useful gen
on this thermal resistance business.”

“Good show,” replied Smithy.
“There are a few loosc ends to tidy
up, though. I've been using the
more modern Rth symbols for ther-
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area

fresh sheet of his note-pad (Fig. 8),
tore this out and presented it with
a flourish to his assistant.

Om = O(j-case) = ©(j-mb) =Rth(j-mb)
9 = B (case-h) =9 (mb-h)=Rth (mb-h)

9h = O (h-amb) =Rth(h-amb)

Fig. 8. A number of alterna-

tive symbols are employed

to indicate thermal resistance.

These and their equivalents
are shown here
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“Thanks, Smithy,” said Dick.
“This will come in useful in the
future.”

“After you’'ve worked out a few
problems involving thermal resist-
ance,” pronounced Smithy, “you’ll
find yourself getting quite familiar
with the symbols, in any case.
Another thing I should mention is
that whilst it’s very important to
know the maximum power dissipa-
tion permissible in a transistor it is,
in general, unwise to operate the
transistor very close to, or at, that
figure. It’s better to run the tran-
sistor comfortably below maximum
dissipation, in order to allow a
reasonable safety factor.”

A thought suddenly struck Dick.

“Stap me!” he exclaimed, “we’ve
been talking about transistor power
dissipation all this time, but we
haven’t even said yet what that dis-
sipation actually consists of!”

“It’s emitter-collector volts multi-
plied by collector current,” said
Smithy. “To be precise, the power
dissipated in the base-emitter junc-
tion should be added in as well,
but in practice it’s usually so small
in comparison that it can be ig-
nored. Which now brings me to a
final point. 1If a power transistor
operates as an amplifier and it’s in
series with a load which can be
represented as a resistor, greatest
power is dissipated in the transistor
when, during any cycle that it
amplifies, half the supply voltage
appears across it.”

Smithy drew out the appropriate
circuits. (Figs. 9(a) and (b)).

“So,” he concluded, “when work-
ing out or measuring the power dis-
sipated by a transistor, investigate
the case where half the supply volt-
age appears across it. That's when
it dissipates most heat.”

BACK TO WORK

Smithy looked up at the Work-
shop clock and sighed.

“And now.,” he pronounced
wearily, “it’'s time to get back to
work again. Which means that yet
another of my lunch-breaks has
been wasted nattering away to you
when T could have been having a
nice change from electronics.”

There was no reply from his
assistant. Smithy turned round
sharply.

“Oh no.” he moaned.

But it was too late, and Dick had,

Ve
Load
___—_T
W2 vee
(@)
+Vee
2 Vee
1
Load
(b)

Fig. 9. Assuming a resistive
load, a transistor dissipates
maximum power when half the
supply voltage appears across
it. This applies if the load is
in the collector circuit, as ‘in
(a), or in the emitter circuit,
as in (b).

patently, once again fallen under
the influence of his Muse.

“Here we are, Smithy,” he an-
nounced proudly, “how about this
bit of advice to round off the whole
business of preventing overheating
in transistors?

“Carry out a quick calculation
To assess the heat situation.
For a transistor will fail
And it's life yow'll curtail
If it runs at excess dissipation!”

And even Smithy as, shuddering,
he resumed work had to admit that
this latest offering of Dick’s not
only had acceptable rhymes but
actually scanned. More or less, that
is. Here and there.

HELP FOR R.A.l.B.C.

The Star Short Wave Club of Leeds are organising a Grand
Junk Sale for the funds of the Radio Amateur Invalid Bedfast

Club.

The sale is to be held on Wednesday, 15th September, at the
New Inn Hotel, Bramley Town Street, Leeds 13.

The organisers are prepared to collect junk within a 25-mile
radius of Leeds. To help this worthy cause, contact T. Leeman,
G8BULU, 115 Asket Drive, Leeds, LS14 1HX.
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Prevention is best -
you know it makes sense !

Endorsements are expensive! Our
unique radar spotting device gives
earliest possible warning of radar
speed checks — up to 1/3rd of a
mile on give and take roads (1%
miles on motorways) and helps you
to be a better and safer driver. Self-
contained, only 10} ozs. Clips on
sun visor. DON’T WAIT UNTIL
IT'S TOO LATE - ORDER NOW.

To: Belding & Bennett, 01-668 3255 & I
01.660 2896, (Box 38), 45 Green Lane,
Purley, Surrey. I
Send me Spotters at £13.75p each

Enclosed PO/Cheque £ |
Name.

a
I Address. I

I Phone No. I
l Details only: Send 4p in stamps.

Trade enquiries welcome.

The
RADIO CONSTRUCTOR

ANNUAL
SUBSCRIPTIONS

to this magazine
may be obtained
through your
newsagent
or direct from the
publishers

ONLY £2.70

per year, post free

Please send remittance with name
and address and commencing issue
required to :

DATA PUBLICATIONS LTD
57 Maida Vale London W9 ISN
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Anode:
Diode:
Triode:
Monode:

Dry Joint:
Magnetic Flux:
Dust Core:

Monostable:
Bistable:
Ring Counter:

Watt:
Kilowatt:
Megawatt:

Henry:
Millihenry:
Microhenry:
Wien Bridge:

Thin Film:
Thick Film:

Data Store:

Emitter-Follower:
Grounded Base:
Grounded Emitter:

Grounded Collector:

Bias:

Zener Curve Knee:

Stabilisation:

Long Tail Pair:
Multivibrator:
Unijunction:

Nucleonics:
Punched Tape:

Core Store:

Core Memory:
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'EXTRACTS FROM A
DOTTY DIGTIONARY

by
B. H. BAILY
Poem Thermal Runaway:
Two-verse poem
Three-verse poem Hertz:
Poem by French author Kilohertz:
. . Megahertz:
Boring night-club
Gigahertz:
Iron-cored solder
Centre of fossillised apple LIETEL
Horse box
Large horse box s
Miserly jeweller Kilocycle:
Pardon!
A thousand pardons! Gigacycle:
Granted! .
) Reverberation:
Just a single guy Pot:

Henry and wife
A year later

A monumental discovery

Cause of many TV break-
downs
Documentary for dim viewers

Computerised marriage-bureau

Trailer behind a smoky car
London Airport in fog
Plane on fire

Earthbound Angel of Death

Wife's favourite word during a
day out (“Bias this, Bias
that . . .”)

A complaint caused by too
much stabilisation, often
leading to breakdown (see
also stabilisation)

Result of 746 watts (one horse-
power)

Couple of lizards
A whole lot of shakin’ goin’ on

The joining of one wire . . . to
itself

Updated Oldcleonics

Boxer opening a new motor-
way

Dustbin outside apple-canning
factory
Ditto, but empty

Volume Control:

Transmitter:

LC.:

Semiconductor:
Conductivity:

Laser:
Maser:

Coherent Light:
Incoherent Light:

Photo Cell:

Electrostatic Charge:

Sync Pulse:

Synchromnization:

Colour T.V.:

Resistance:

Ohm:

Parasitic Oscillation:
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Fire-escape

Ow!
As above but 1,000 times worse
Shock from an insulation tester

Shockingly funny

A man with a great capacity
for putting his name on a
million pFd capacitors

Old bike with a million wheels

Old bike with no saddle (see
Hertz)

Funny old bike

A noisy pot

A safeguard against overload-
ing (see Volume Control)

A single-position knob always
set fully-clockwise on pop-
groups’ equipments

Competitor in a hand-shaking
contest

A common phrase generally
meaning “it’s far too com-
plicated for me but hurry
up and get it over with”

Undergraduate fare-collector
Measure of sales of bus-tickets

See Maser
See Laser

B.B.C. Radio 2

B.B.C. Radio 2
pherics

Prison studio

with atmos-

Advance of computerised bat-
talion

Heartbeat of wife when wash-
ing the dishes

The installing of an Ameérican
automatic dishwasher

Programme on race relations

Current  opposition  (hence
O.H.M.S. on tax demand
envelopes)

Where charity should begin

Modern French dance
THE RADIO CONSTRUCTOR
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DIODE POLARITIES

by

N. STEWART

How to avoid polarity errors with surplus diodes

EGINNERS, TOGETHFR  WITH
B some of us who have been at

the electronics game for quite
a few years, tend to get confused
by the very wide range of signal.
rectifier and zener diodes that arc
currently available on the homc-
constructor market. These appear in
all sorts of shapes and sizes and
with many different types of mark-
ing. When confronted with an un-
familiar diode. which may have becn
bought in bulk form as an equiva-
lent to a more well-known type, the
problem of determining its polarity
then arises.

Anode
~ .
~ Conventional

T current flow
Cathode

Fig. 1. The arrow-head integral

with the diode symbol indicates

the direction of conventional

current flow when the diode
conducts

SIGNAL AND RECTIFIER
DIODES

The familiar signal and rectifier
diode symbol appecars in Fig. |I.
This symbol actually consists of an
arrow-head and a straight line, and
the arrow-head points in the direc-
tion in which ‘conventional current’
flows when the diode conducts. Con-
ventional current, which is the
opposite to electron current, is as-
sumed to flow from positive to nega-
tive. The two electrodes of the diode
are called the ‘anode’ and the ‘cath-
ode’, and they correspond to the
anode and cathode of a thermionic
valve diode. In circuit diagrams it is
a_fairly common practice to put a
plus sign alongside the cathode.

Turning to the actual component,
many signal and rectifier diodes have
a distinctive mark, such as a white
or black line, on the case, this mark
being close to the cathode end. How-
ever, the mark cannot be relied on
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with unfamiliar components, and it
is always wise to check polarity be-
fore connecting the diode into a
working circuit. This is cspecially
true with rectifier diodes, where in-
correct polarity could cause the
breakdown of an electrolytic capac-
itor following the diode. Pretty well
the only ‘safe’ marking is a distinc-
tive red at the cathode end of the
diode but, even so, no harm results
in checking a diode marked in this
way if it is a completely unfamiliar
type.

It is possible to find the polarity
of a diode with the aid of a multi-
testmeter switched to an ohms range.
Usually, the meter will indicatc a
low resistance when the positive test
lead is connected to the cathode and
the ncgative test lecad to the anode.
and a high or infinite resistance read-
ing when these connections are trans-
posed. However, the intcrnal cir-
cuitry of some multitestmeters may
be such that these indications arc
reversed. This point can only be
determined for certain by checking
a diode of known polarity with the
testmeter to be used.

Rectifier diodes can always be
checked with complete certainty in
the circuit into which they will be
connected. Fig. 2 shows a diode in-
tended for a half-wave rectifier cir-
cuit. One end only of the diode is
connected to the source of alternat-
ing voltage, the other end being
left free. A d.c. voltmecter is next
connected between the remaining
terminal of the source of alternat-

Diode
being
checked

' kd

) 6%
Secondary t/Q« o)
- \
of mains

transformer

Fig. 2. The polarity of a half-

wave rectifier diode may be

checked with the aid of a multi-

testmeter switched to read d.c.
volts

Conventional current
flow for Zener
operation

Fig. 3. The conventional cur-

rent flow in a zener diode is

opposite to the direction of its
arrow-head

ing voltage and the free end of the
diode. The voltmeter will then indi-
cate the polarity of the rectified out-
put from the diode without any
doubt at all. If the polarity is cor-
rect, as indicated by the meter, then
the free end of the diode may be
connected to the subsequent smooth-
ing circuit. The meter will, of course,
give a lower reading when it is
checking the diode in this manner
than when the subsequent electrolytic
capacitor (or capacitors) is con-
nected. Remember that in a half-
wave rectifier circuit the output from
a cathode is positive (hence the plus
sign in circuit diagrams) and the
output from an anode is negative.
This approach can also be used for
sorting out the diodes for a bridge
rectifier circuit.

The method of Fig. 2 is, incident-
ally, the only practlcable way of
determining polarity with selenium
rectifiers, which are liable to give
confusing readings when checked
with a multitestmeter switched to an
ohms range. The method may be
used for signal diodes as well as
rectifier diodes provided that the

(a)

(b)
Fig. 4. Finding the polarity of
a zener diode. When connected
wrongly, as in (a), the voltage
across it is only 0.6 volt. The
diode is connected correctly
in (b), whereupon the zener
voltage appears across it

www americanradiohistorv com
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alternating voltage is low. A 6.3
volt heater winding on a mains
transformer would be a suitable
source.

ZENER DIODES

A zener diode is a silicon diode
which allows the zener voltage to
appear across it when it is connected

in the non-conducting (as a rectifier)
manner. Its symbol appears in Fig.
3 and its arrow-head indicates the
direction of conventional current
flow when it is acting as a rectifier
diode. When it 1s acting as a zener
diode, conventional current flows in
the opposite direction.

A reliable method of determining
the polarity of an unknown zener
diode is to apply across it a battery,

whose voltage is some 3 to 6 volts
greater than the zener voltage, in
serics with a resistor of around k.
See Figs. 4(a) and (b). If the diode
is connected wrong way round for
zener operation the volage across
it will only be about 0.6 volt. If
the diode is connected right way
round for zener operation, the
voltage across it will be the zener
voltage.

TRADE NEWS
DOLBY ‘B’ NOISE REDUCTION UNIT

A Dolby unit for the home tape recording enthu-
siast is now available from Kellar Electronics Ltd.,
6 Bycullah Avenue, Enfield, Middlesex. Known as
the KDB1 Noise Reduction Unit, it incorporates the
Dolby ‘B’ circuits developed from the Dolby ‘A’
system introduced to major recording studios some
six years ago. Basically, Dolby ‘B’ boosts medium
and high frequency signals when these reduce in level
during recording, and attenuates the same signals
during playback. Thus, all reproduced signals have
the same relative amplitude as they had when origi-
nally recorded, but the tape hiss which would other-
wise be present during quieter passages is reduced. A
reduction of 10db in tape hiss is possible.

The Kellar KDB1 Noise Reduction Unit can, after
a simple calibration for correct matching, be coupled
to any tape recorder. The KDBI1 then takes over the
usual functions of the recorder. Its Dolby circuits,
one per channel, are switched to the ‘recording’

AVOMETER WALL
CHART .-

Avo Limited (Thorn Group)
announce the availability of a new
wall chart featuring the latest Mark |
4 version of its Avometer Model 8. |
The improved design and layout ?
over earlier charts is such that it
will prove of great interest not only
to Avometer users but also to tech-
nical schools and general education
establishments as a teaching aid.

Information is presented in a
clear, logical manner and the
theoretical and practical informa-

tion is both concise and casy to
understand. Magnetic theory is de-
veloped pictorially to outline the
operation of the moving coil move-
ment, whilst a mathematical treat-
ment is used to derive the various
ranges of a multimeter.

AVOMETERS -

The Kellar Electronics KDB1 Noise Reduction Unit.
This incorporates Dolby ‘B’ circuits and can be
coupled to any tape recorder

position for stereo recording, and the same circuits
are then switched to ‘playback’ to replay the ‘Dolby-
ised’ recording.

The KDBI also allows ‘Dolbyised’ pre-recorded
cassettes to be replayed with correct replay charac-
teristics.

The unit is built into a black simulated leather
finish steel cabinet with brushed aluminium fascia
panel and control knobs. Retail price is £49.50.

ASME MULUNETER PRINCIFLRS

'S
%

D " S

Illustrations of the interior of
the instrument include an exploded
view of the movement to simplify
the constructional detail and 2
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circuit diagram provides an intro-
duction to standard symbols and
references.

The Avometer chart (size 20 x
30 in. — 508 x 762 mm.) is ideal

www americanradiohistorv com

for blackboard or wall presentation
and is available from Spares Dept.,
Avo Limited, Avocet House, Dover,
at 75p per copy, including post and
packing.
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- Radio
lopics

By Recorder

One over two pi root LC.
Gives you the resonant frequency!

HAT LITTLE JINGLE SERVED

me and my fellow class-mates
i well in the days when we were
struggling to get to grips with basic
electronics. It defines, of course, the
resonant frequency of a tuned cir-
cuit, and the couplet scans nicely
enough for it to become reliably
lodged in the old memory banks.

MNEMONICS

I wonder how many other expres-
sions in electronics have been re-
membered with the aid of similar
mnemonics. There used to be a
terribly corny one for Ohm’s Law
which ran: ‘Rain is ‘Eavy over
India’. This enables you to remem-
ber that R is E over I, or that
resistance is voltage divided by cur-
rent. Quite a few people I know got
by with that one during their early
days and, so far as I know, this
particular aide-memoire may still be
used by students.

Another horror from the past,
which T record with some trepida-
tion, runs: ‘Billy Brown Read Out
Yellow Gardening Books, Violet
Grew White’. This bit of nonsense
which, by its very incongruity, tends
to stick in the mind, provides a re-
minder for the resistance colour
code: Black, Brown, Red, Orange,
Yellow, Green, Blue, Violet, Grey,
White. It has, at least, the merit that
many of the words in the sentence
are the same as, or very similar to,
the colours they represent.

Some memory aids are built-in.
The most obvious of these is the
arrow-head which appears in recti-
fier and transistor symbols, and
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which indicates the direction of flow
of conventional current.

Conventional current is assumed
to flow from positive to negative. It
is interesting to note that the con-
cept of conventional current is by
no means as indigestible in our
present semiconductor days as it was
during the Valve Age. The mind
tended to boggle at the idea of a
current flowing, inside a valve, from
anode to cathode. Talking of valves
reminds me of another fortuitous
circumstance which helps to keep
a set of otherwise unconnected fac-
tors in mind. That useful trio of
double-triodes, the ECC81, ECC82
and ECCS83, are direct equivalents
of the 12AT7, 12AU7 and 12AX7
respectively. The first set of type-
numbers is in numerical order and
the second set is in alphabetical
order. Whoever dreamed up these
three valves, incidentally, certainly
did a favour for the experimenter.
They all have the same pin connec-
tions, with the result that all three
types could be tried out in a new
circuit without any need for rewir-
ing the valveholder.

Are there any other mnemonics
in general use? One that is fairly
helpful concerns the new colour
code for mains leads. Green-and-
Yellow for ‘earth’ is reasonably easy
to remember because of the assoc-
iation with green grass, and Blue
and the first syllable of ‘neutral’
both have the same vowel sound.
This leaves Brown and ‘live’, be-
tween which it seems difficult to
create an association.

A final little tip brings us back to
Ohm’s Law again. This one doesn't,
perhaps, quite fall into the mnem-
onic category, but it can certainly
prove helpful in making quick
mental caluculations with transistor
circuits. What is committed to mind
is that ‘one milliamp in one kilohm
equals one volt’. It is surprising how
useful this fact can be in practice.
If, for instance, 2 volts are dropped
across a 1kQ resistor, then the cur-
rent in that resistor, working from
the 1mA-1kQ-1V relationship, is
2mA. Similarly, a current of ImA
in a 4.7kQ resistor results in a volt-
age of 4.7 volts across that resistor.
A voltage of 4.7 volts is also given
by a current of 10mA in a 4700
resistor. All that the tip does is to
restate Ohm’s Law in terms of milli-
amps and kilohms, whereupon it be-
comes possible to carry out transis-
tor calculations with figures that are
easy to handle, and don’t involve
long string of noughts.

SERIES

Here’s a little mathematical prob-
lem which is, really, an updated
version of one I posed several years
ago. What are the next two figures
iI(l) the ser;es: 05, 1, 2, 2.5, 5, 10,
5
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I'll be giving the answer at the
end.

OCCUPATIONAL HAZARDS

I read that members of pop
groups tend to suffer from mild
deafness due to prolonged exposure
to the heavily amplified sound pro-
duced by their own instruments. In
these technological times there are,
of course, other occupational ail-
ments which were not evident in
earlier and less complex days and,
donning my general practitioner’s
hat, I shall now Iist those which I
have recently encountered myself.

Monochrome malady. This is a
state of combined fury and frustra-
tion, and is caused when the owner
of an expensive colour television
receiver finds that, on showing it off
to acquaintances, all channels are
putting out black-and-white signals.

Recognition Tic. This is an invol-
untary facial spasm induced in ser-
vice engineers on discovering that
the first set to be fixed for the day
is the one they devoted the first half
of the previous week to repairing.

Bed-Rolling Cramps. An ailment
which appears only in B.B.C. pro-
perty men. It is caused by the con-
tinual trundling of the double-bed

onto the set for B.B.C. television
plays.
Space-Flight Hysteria. Another

mental condition, this is induced by
B.B.C. commentators breaking in on
American Apollo transmissions.

Constructor’'s Choler. A vexation
state, brought on by the bland state-
ment by a radio shop assistant that
an OC36 is an exact equivalent for
an ADI62.

Shopkeeper's Twitch. Complemen-
tary to the last ailment, this is caused
by the customer who refuses to take
a 10k2 57 resistor, because the de-
?log‘; he’s working to says 10kQ

Solder Spleen. Another construc-
tor’s affliction, this consists of an
attack of intense anger on finding
that a length of what is supposedly
solder is actually tinned copper
wire. There are frequent secondary
effects, such as the uncontrolled
throwing of the wire to the back of
the bench where it lodges in equip-
ment and shorts out the mains.

JUNK

One of the perverse laws of life is
that if you throw out a pile of junk
which has been cluttering up the
place for years you will find, as
soon as the Corporation rubbish
lorry has disappeared round the
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corner, that those old items are just
exactly what you want for the next
job.
Junk is a problem and it is always
difficult to know what to dispose of
and what to keep. So far as nuts,
bolts, small brackets and similar
hardware are concerned, the best
solution consists of keeping the lot.
Indeed, a good collection of nuts
and bolts is a definite asset, and I
add to my own whenever possible.
If, for instance, I replace a faulty
or broken mains plug or bayonet
lamp holder I always remove the
screws from it before throwing it
away. The screws in these fittings
aren’t the B.A. types we normally
use in radio and a source of re-
placements here is very useful.

Old burnt-out iron-cored trans-
formers are best ditched. If you are
keen on winding your own trans-
former it might be worth-while re-
moving and keeping the laminations,
as these are difficult to come by
through home - constructor retail
channels. In most cases, though, it
just isn’t worth the bother of trying
to salvage the wire on the trans-
former, particularly if it has been
varnish-impregnated instead of wax-
impregnated. On the other hand,
it’s usually to advantage to keep old
r.f. coils and chokes even when these
are quite antedeluvian, if only be-
cause it’s much easier to salvage the
wire from these components.

The components most likely to
actually deteriorate with age whilst
being stored are paper capacitors,
particularly suspect being the older-

fashioned ones that are encapsulated
in wax or plastic. These are liable
to become leaky due to the ingress
of moisture. Mere physical mishand-
ling is sufficient to break the seal
at the lead-outs with the wax-
covered types, and the plastic used
with the earlier plastic encapsulated
capacitors wasn’t too stable dimen-
sionally and tended to shrink. A
good way of checking a paper tub-
ular capacitor above 0.0024F or so
for leakage is to temporarily connect
it to a d.c. supply of about 200 volts,
disconnect it for several seconds,
then apply the two lead-outs to a
shiny metal surface. If there is an
evident spark when the leads touch
the surface the capacitor has re-
tained its charge and can be con-
sidered good. It is worth initially
trying out this idea with a few
capacitors known to be serviceable
in order to get the ‘feel’ of it. Nat-
urally, the working voltage of the
capacitor being checked should be
equal to or greater than the test
voltage. Also, don’t forget to keep
your fingers away from the capacitor
lead-outs!

A neat and inexpensive method of
storing components is to keep them
in glass jars with screw-on lids. Each
jar can contain a specific variety of
component, such as resistors within
a certain range of values, and so on.
The larger pickle and honey jars
are quite useful for this purpose
after they have been emptied,
washed and dried out. The contents
of each jar can be seen through the
glass at a glance. Large 30-tablet

Alka-Seltzer glass tubes with the
labels soaked off are useful for
tubular ceramic capacitors, signal
diodes and the like, but the supply
of these tubes depends upon the
frequency of headaches within the
family. They are usually quite plenti-
ful on December 26th and January
Ist.

It isn’t, of course. the home-con-
structor only who has problems with
junk. Our local Post Office tele-
phone exchange must have been
having a clear-out recently because,
when T went by the exchange build-
ing one morning, I saw that some-
body had put out on the pavement
an open bin which was almost com-
pletely full of 1-yard lengths of
cable harness. I don’t often drool
in public but the sight of all that
lovely connecting wire just sitting
there was exceptionally tempting,
and it was only the necessity of
maintaining my public image in our
local community plus the presence
of a policeman on a nearby corner
that prevented me from having a
dig into that bin and getting away
with a good few armfuls of the loot
it contained

PROBLEM

The answer to the series problem
is one hundred and five hundred
(expressed in werds instead of fig-
ures so that there is less risk of
their accidentally catching your eye).
The series represents units in new
pence.

NEW PANORAMIC DISPLAY HAS UNIQUELY WIDE SWEEP

A completely new panoramic display unit which provides a simple visual display of all the signals in a radio

frequency band, and can operate anywhere in the radio frequency spectrum from zero to 60MHz, was recently
announced by Eddystone Radio. A world selling price of less than £500 makes this the lowest cost panoramic dis-
play on the market. Prototype models of this equipment were demonstrated last year, and have already aroused
considerable interest. The equipment is in full production at the Eddystone plant in Birmingham.

Wide Sweep Range

The new panoramic display shows all the signals in a selected radio frequency range in the form of spikes
along a horizontal frequency scale on a cathode ray tube. The sweep width is variable, with a uniquely wide
maximum sweep of 10MHz available at higher frequencies.

Typical Applications

In conjunction with a suitable communications receiver, the display provides visual monitoring of an entire
tuning range, thereby revealing intermittent signals and interference sources. In this way, a single panoramic
display can monitor calls simultaneously on many channels in a multi-channel communications network, such
as a taxi, police or ambulance service. It will also show transmitter faults such as reduced efficiency or
frequency drift on any channel.

The unit has a very fine frequency resolution which allows inspection of the frequency structure of a signal.
This has a variety of applications in the field of education where it can be used, for example, to demonstrate
the sidebands of different types of radio transmission, or the performance of filters. Similarly, in the laboratory,
the panoramic display with its very wide sweep range can provide economical frequency-spectrum analysis. An
output for driving a chart recorder is also provided. The unit can also check a transmitter and aerial for correct
bandwidth and lack of spurious radiation.

Fully Solid-State .

The new Eddystone panoramic display is completely solid-state, apart from the cathode ray tube, and is
available in versions for use from zero frequency to 60MHz by choice of plug-in r.f. units. Rugged modular
construction is used throughout the unit, with provision for standard 18in. rack mounting and for camera
attachment. The large 10 x 6 cm display screen gives excellent clarity, and there is a choice of image
persistence times. : .

The new Eddystone panoramic display, model EP361, may be added to Eddystone or other makes of high-
grade communications receivers, and can be operated from mains or 12V battery,
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LATE NEWS

Times = GMT

* AMATEUR BANDS

@® FAROE ISLANDS

Heard on several occasions around 2000 on CW,
OYI1R busily working through a'log jam’of calls, on
14020.
@® ANGOLA

A regular CW addict is CR6AL, often to be heard
around 2030 on, or near, 14060.
@® SPITZBERGEN

Active recently has been JW7UH, using CW on
14006 around 2030.
@® PUERTO RICO

Another CW regular on 14MHz is KP4AZJ who
appears to favour early morning sessions, around
0530, at the lower end of the band on 14010.
® ECUADOR

Using the SSB mode, HC2EPL is active during
the early mornings (0500) on, or near, 14035.
® COLOMBIA

For those who are looking for a Zone 9 station,
listen for SSB signals from HK35BWX around 0600
on 14140.
@® TASMANIA

Several stations are currently very active from
this location. Listen for VK7AR on 14120, VK7RX
on 14140 and VK7GK on 14140, all around 0530 or
so, using SSB.
@ ALBANIA

For this country, try 14215 around 2030 for the
SSB signals of ZATAB.

Frequencies = kHz

* BROADCAST BANDS

@ ETHIOPIA

Radio Ethiopia, Addis Ababa, can now be heard
on the new frequency of 9650 with the Home Ser-
vice in English and Amharic. English programme is
from 1630 to 1700, followed by Amharic until 1900.

@ ISRAEL

Already mentioned in QSX, Kol-Yisrael has
vacated the experimental 7225 frequency and is -
currently trying the 6000 channel. Thanks are due to
B. Walsh of Romford for putting us on to this one.

@ NETHERLANDS ANTILLES

Trans-World Radio, Bonaire, has changed the
11705 channel to that of 11785 for the service to
Europe at 2115.

@ CLANDESTINE

Radio Liberation, Hanoi, now operates on 10010
until 1430 in French and then in English. Also,
Radio Liberation can be heard in French at 2000 on
14990 and 15050 until 2030.

La Voix du FUNK (Front Union Nationale
Kamche) can be heard from 1430 to 1530, 2300 to
2400, 1130 to 1230 on 7020, 9085, 10085 and 12006.
Also from 2400 to 0100, from 0400 to 0500 and from
1430 to 1530 on 5000, 9985, 10085 and on 12006.

@® LIBYA

The Libyan Home Service may be heard around
1915 on the ‘out of band’ channel of 8630.
® TRUCIAL COAST

Sawt es Sahil can be heard around
Arabic programming on 6040.

1800 with

Acknowledgements:=BADX, SCDX, Our Listening
Post. |

MORE NEWS

CEYLON

The External Service of the
Ceylon Broadcasting Corporation
has an English language test trans-
mission from 0100 to 0230 on 6075,
9570 and 15120.
INDONESIA

Radio Ankatan Udara (Air Force
Radio) has been heard signing-off
at 1400 on a new channel of 3408,
this being in parallel with 2475 and
11321.
NEPAL

Radio Nepal has been heard
using the unannounced frequency of
9590 from 0720 to 0920 and from
1320 to 1650, this channel replacing
the old 7165 outlet. The External
Service in English is from 1350 to
1420 on Tuesdays and Saturdays.
Alternative channels sometimes used
are 9605 and 11970.
PAPUA & NEW GUINEA

A new station, Radio Madamg,
has been heard on 3260 (2kW),
schedule is from 0700 to 1100.

Radio Marobe, also a new sta-
tion, is on 3220 (2kW) from 0700
to 1200.

Radio Wewak now uses 6140 as
an additional channel.

SEPTEMBER 1971

work.

LAST LL&AK ROUND

1971 WORLD RADIO-TV HANDBOOK
(SUMMER SUPPLEMENT)

The 1971 World Radio-TV Handbook (Summer Supplement) is a
publication that should occupy a place at the operating position of all
who tune over the shortwave broadcast bands with any serious intent.
Published annually in June, the Summer Supplement brings up to date
much of the information contained in the Handbook itself, which is
released for distribution in December each year.

Updated information is of paramount importance for those actively
engaged, whether as hobbyist or professionals, in shortwave broadcast

The latest Summer Supplement is of 144 pages, with the important
station/frequency list consisting of 22 pages. A veritable mine of in-
formation, the Supplement is available direct from the Modern Book
Co., 19 Praed Street, London. W.2., at £1.10 post paid (£1.00 net).
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Fak ’”£ S. w. ‘l e« @ @
Simple Shorit-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 ‘Saxorn’,
‘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

Y% 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.l'ing from construction to operating -
both Broadcast andAmateur bands. It explains how thc 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

380p

140 Pages (5% x 83in.) Postage 6p

TO DATA PUBLICATIONS LTD 57 Maida Vale London W9 1SN

Please supply...........ooo.....cOpy(ies) of ‘Simple Short Wave Receivers’, Data Book No. 19
1 enclose cheque/crossed postal order for......
ADDRESS. .t e T
BLOCK LETTERS PLEASE
122 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 (1925-1971) for Televisions, Radios,
Transistors, Tape Recorders, Record Players, etc., by
return post, with free Fault-Finding Guide. Prices
from 5p. Over 8,000 models available. Catalogue 13p.
Please send S.A.E. with all orders/enquiries. Hamilton
Radio, 54 London Road, Bexhill, Sussex. Telephone:
Bexhill 7097.

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, 5 inch, 5% x 31 inch
elliptical. P. & P. 18p. Box No. G142.

VHF KIT, 80-178MHz. Receiver, tuner, converter.
World Wide Sales. £4.13 or S.A.E. for literature.
Johnsons (Radio C), Worcester, WR1 2DT.

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: Rudio Constructor 1954 - 1960 complete,
90p per volume. 1949 — 1953, 10 issues missing,
£3.50 o.n.0. Also Practical Television, 1966-7, 6p per
issue. Usher, Beechwood, Weston Park, Bath, Somer-
set. Telephone: Bath 21290.

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

200 MIXED RESISTORS, } - { — 1 watt. All preferred
values. No uncommon types. Brand new, only 60p
post paid. Manley, 13 Randisbourne Gardens, Bromley
Road, London S.E.6.

SERVICES FOR CONSTRUCTORS:- Etched alu-
minium fascia panels to specification. Plain aluminium
panels to individual sizes. Labels, dials, nameplates.
Instrument scales. Drafting tapes for printed circuit
layouts. S.A.E. for details. R. A. Marsh, 29 Shel-
bourne Road, Stratford on Avon, Warwicks.

RESISTORS, CAPACITORS, POT’S, Electrolytics, Tran-
sistors, Diodes, Valves at very reasonable prices.
Beginners specially catered for. S.A.E. for list. Hope,
Pentalardd, Maesycrugiau, Pencadar, Carms.

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’ kitchen, automatic washing machines, baby
listening service. Licensed lounge. Ample free parking.

{Continued on page 125)
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enclosed for reply.

BENTLEY ACOUSTIC CORPORATION LTD.,

38 Chalcot Road, Chalk Farm The Old Police Station
LONDON, N.W.I. Gloucester Road

01-722-9690 LITTLEHAMPTON Sussex
Please forward all mail orders to Littlehampton PHONE 6743
184 .22| DL96 .35| EF91 .17{PD500 1.44| UCHS1 .30| BF173 .38

524G .35|DY87/6 .25| EF183 .27/ PEN45 .35| UCLS82 .33| BF180 .30
6AQS .221DY802 .37/ EF184 .29/ PEN45SDD {UCL83 .48 BY100 .1
6AT6 .18|ERSCC .60 EH90 .38 75| UF41 .50 BY105 .1
6BA6 .20 E92CC .40[EL34 .46(PFL200.53| UF80 .35|BYlla .1
6BJ6 .39 EABCS80 a0 EL41 .53|PL36 .47/UF85 .34/BY126 .1
5 o . 1

2

6F1 .59| EBC81 .33| EM87 .35/PL500 .63/ UY4l .38/ 0A70 .15
6F23 68| EBF80 .30/ EYS! .33|PL508 .90|UY85 :25/0A79 .09
6F28 70! EBF83 38 EY87/6 .30| PL509 1.30| AA119 .15{0A81 .09
. 3 7| EZ40  .40|PX4  1.16} AC113 .25(0A9 (13
6L6GT .39| EC92 .35 EZ80 .21|PX25 1.16| AC127 .17|0A91 (09
[3 q EZ81 .22|PY33/2 .50/ AC128 .20/ 0A95 .09
O|HVR2 .S3|PY81 .25|AC154 .25/0A200 .09
KTW62 .63/ PY82 .25/ AC156 .20{0QA202 .10
R 501 KT66 .80/ PY83 .26/ AC157 .25(0C23 .3%
i12BH7 27| ECC81 .16| PC86 .48(PYS88 .33{ AD140 .36/0C24 .38
30C15 .60 | ECC82 .19/ PC88 .48| PY500 .95 AD149 .50/ 0C25 .38
30C¥7 .77/ ECC83 .22|pC97 .36/ PYB0OO .33/ AD161 .45|0C26 .24
30C18 60| ECC84 .28/ pCc9o0 .34|PY801 .33/ AD162 .45[0C28 .60
30FS .70| ECC85 .25/ PCC84 .29/ QQVO3/ . .
30FL1 .60 ECC86 .40(PCC85 .28/ 10 1.20| AF115 .15/0C36 .43
30FL2 .60 | ECC88 .35/pCC88 .43| R19 .30 AF119 .23/ 0C38 .43
30FL14 .68 | ECF80 .27/ PCC89 .45|U19 1.73| AF121 .30{0Ca4 .10
30LiS .58| ECF82 .27| pCC189.48| U25 .65| AF126 .18/ 0C45 .
30L17 .69| ECF86 .65(PCF80 .28\ U26
30P19/4 .58 | ECH42 .61| PCF82 .30| U191
30PAMR g d . d
95| ECH83 .39/ PCF86 .44/ U301 .40| AF239 .38/ 0C72
30P12 .69 | ECH84 .34| PCF200.67| U801 .93 BA102 .45/0C74
30PL1 .59/ ECL80 .30| PCF801.31| U
30PL13 .75 | ECL82 .30! PCF802 .40
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UCF80 .34 BCZ11 .38/ O0CI123 .23
. . .41| UCH21 .60| BF159 25| OC139 .23
DL94 .32|EF89 .23\ PCL86 .39| UCH42 .60| BF163 .20/ 0C140 .95

All goods are unused and boxed, and subiect to the standard 90-day
guarantee. Terms of business: Cash ar cheque with order only. No
C.0.D. orders accepted. Post/packing charge 0.03 per item, subject to a
minimum of 0.09. Orders over 5.00 post free. All orders despatched
same day by first class mail. Complete catalogue with conditions of
sale 0.07 post paid. Any parcel insured against damage in transit for only
0.03 extra per order. Business hours 9 a.m.-5.30 p.m. Sats. 9 a.m.-1 p.m.
Litllehampton closed Sats. No enquiries answered unless S.A.E.

TECHNICAL TRAINING
in Radio, Television and
Electronic Engineering

First class opportunities in Radio and Electronics
await the ICS trained man. Let ICS train YOU for
a well-paid post in this expanding field.

ICS courses offer the keen, ambitious man the
opportunity to acquire, quickly and easily, the
specialized training so essential to success. I
Diploma Courses in Radio, TV Engineering and
Servicing, Colour TV Servicing, Electronics, Com-
puters, etc. Expert coaching for:

* C.&G. TELECOMMUNICATION TECHNICIANS CERTS
* RADIO AMATEURS EXAMINATION
* RADIO OPERATOR CERTIFICATES

Examination Students Coached until Successful.
NEW SELF-BUILT RADIO COURSES
Build your own 5-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 CORRESPONDEMCE SCHOOLS
I Dept. 248, Intertext House, Stewarts Road, London, SW8 4UJ

EST. 1891

Name. Age I
I BLOCK CAPITALS PLEASE
Address. '
I 9.71
Ry o s v oy e e e ey s o — — w— S
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RADIO
OPERATORS

Do you Hold
PMG IT OR PMG 1 OR
New General Certificate
OR had Two Years’ Radio

—Operating 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
becoming 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, under 35
years of age (40 for exceptionally well
qualified candidates,) write NOW for
full details and an application form
from:

Government Communications
Headquarters,

Recruitment Officer

Qakley,

Priors Road,

CHELTENHAM,

Glos., GL52 SAJ.

Tel: Cheltenham 21491. Ext. 2270.

124

One year’s
electronics
experience

+
ONG
or C&G?

Then become a Radio Technician with
the National Air Traffic Services.
You would work on the installation and
maintenance of a wide range of sophisticated
electronic systems and specialised
equipment throughout the U.K. You would
beinvolved with RT, Radar, Data
Transmission Links, Navigation Aids,
Landing Systems, Closed Circuit T.V. and
Computer Installations. You could also work
on the development of new systems.

T qualify for entry to our training
course you must be aged 19 or over, have
at least one year’s experience in electronics
and preferably O.N.C. or C. & G. (Telecoms}).
Your starting salary would be £1,143 (at 19)
to £1,503 (at 25 or over), scale max. £1,741
—shift duty allowances. Good career
prospects.

Send NOW for full details of how you
can become a Radio Technician. Complete
the coupon and returnto A. J. Edwards,
C.Eng., MIEE, Room 705, The Adelphi,
John Adam Street, London WC2N 6BQ,
marking your envelope ‘Recruitment’.

I meet the requirements, please tell me more about
I the work of a Radio Technician.

NAME

(AJRC/18)

I ADDRESS

Not applicable to residents outside the
United Kingdom
AN RSN EEEEE DI U MEENS SENG B S

INATS

National Air Traffic Services

P
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SMALL ADVERTISEMENTS

(Continued from page 123)

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 League
particulars. Membership including monthly magazines,
etc., £1.75 per annum. Secretary ISWL, 1 Grove Road,
Lydney, Glos., GL15 SJE.

5 TRANSISTOR 1 WATT AUDIO AMPLIFIERS, for
74-15V supply. Standard 3 ohm output. Only £1 each.
Manley, 13 Randisbourne Gardens, Bromley Road,
London S.E.6.

WANTED: Marconi AD 8882B receiver manual circuit
diagram, p.s.u. details, etc.,, for loan or purchase. Post-
age refunded on all corespondence. Pring. 89A High
Street, Chard, Somerset.

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

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.

RELAYS. Sigma type 72A0Z, octal base, £1.50; Carpen-
ter polarised, £1; D164816, £1.50. Box No. G155.

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.

FREE GIFT when you request our quality stamps,
supplied on approval. Generous discounts. Details
from: Watson’s Philatelic Service, 6 Beech Avenue,
Brentwood, Essex.

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 5ER.

STAMPS. 100 different Europe 25p, plus 100 different
free. Hope, Pentalardd, Maesycrugiau, Pencader,
Carms.

MAGAZINES FOR SALE: “The Radio Constructor’” -
all 1968 issues £1; all 1969 issues £1; all 1970 issues £1:
or the lot £2.75 to clear. “Wireless World” — February
July, August, October and November 1970, 75p.
“Practical Electronics” —~ January to September inc.
plus December, 1970. 90p. Prices include postage. All
in good condition. Box No. G162,

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

(Continued on page 127)
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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-speeking countries. in 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. e
PR 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)

F R E E TO AMBITIOUS ENGINEERS

—THE LATEST EMITEON OF DWGIMEERING  OPPORTUNITIES

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 for a recognised engineering qualification
and outlines a wonderful range of modern Home Study Courses in
all branches of Engineering. This unique book also gives full detaiis
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 to
qualify for five years promotion in one year.
‘SATISFACTION OR REFUND OF FEE’ TERMS
We 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.I.E.T. NOW offers you a
real laboratory training at home with all the practical equipment
you need, plus Basic Practice and Theoretical Courses for beginners in
Radio, TV, Electronics, etc.

BRITISH INSTITUTE OF ENGINEERING TECHNOLOGY

Dept. (B10), Aldermaston Court, Reading RG7 4PF

= — SEND OFF THIS COUPON TO-DAY!-— =

Tick subjects that interest you:
AMSE (Elec) [J City & Guilds Certificate [] RTEB Certificate [] I
Radio Amateurs’ Exam [] DMG Certificate [] Colour TV [J I
Electronic Engineering [] Computer Electronics [] Radio and TV

Servicing [J Practical Electronics [] Practical TV & Radio [J I
Please send booklets & full information without cost or obligation. I

NAME..... .. AGE [
ADDRESS

B I ET OCCUPATION

Tos BIET Dept. B10, Aldermaston Court, Reading RG7 4PF

|
i
) |
|
{
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NEW STYLE
SELF-BINDER

for “The Radio Constructor”

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

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

PRICE 75 p Postage 10p

Available only from:-

Data Publications Ltd.
57 Maida Vale London W9 1SN

INTERNATIONAL

Ly
Membership £1.75 (35s. 0d.) per annum
(U.S.A. $5.00) including 12 monthly issues
of Monitor — the League journal. Includ-
ing free use of all Services, QSL Bureau
etc.

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

For full details write to:

The Secretary,
LS.W.L.,
1, GROVE ROAD, LYDNEY,
GLOS. GL15 SJE.

To All Users of Industrial
Electronics

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 AGHIA PARASKEVI
ATHENS, GREECE

126

THE RADIO CONSTRUCTOR

www americanradiohistorv com


www.americanradiohistory.com

SMALL ADVERTISEMENTS

Continued from page 125)

ENGRAVING. Easy constructed device gives profes-
sional results. Suitable for perspex organ, tabs etc.
Large drawings and instructions 80p, post paid.
S. Smyth, 234 Dumbarton Road, Partick, Glasgow
Ww.1.

' VALVES TO CLEAR: 801-A, VTI136, VT62, DK9I,
T20, UX865S, HP4106, 41MP, 6B4G, 10LD, N142,
U142, 10F9, THI41, 3ML, UY41, 171DDP, 384,
VRI1. All at 13p each postage paid. Box No. G165.

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.

FOR SALE: Creed Teletax transceiver type TR 105, £15.
Ex-R.A.F. tuning fork drive unit type 114, £12. Box
No. G167.

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.

FOR SALE: CR 150 receiver. 2/60 MHz with p.s.u. Good
condition, new valves, £20. BC221, mains operated, £10.
Box No. G.168.

FOR SALE: Old Scott-Taggart hand-made radio, in old
radiogram cabinet. In good order. Offers invited.
Owen, 62 Minstead Road, East Howe, Bournemouth,
Hants. Telephone: Northbourne 274S.

WANTED: 9.5mm cine equipment. Cameras, projectors,
editors, splicers, film reels, etc. Details to: Box No.
G

WANTED: Books, P.E. back numbers, etc., on elec-
tronic organs. Also components, instruments, AVO 8,
etc. Hemming, 78 Oxford Street, Bristol 3. Telephone:
77524.

FOR SALE: Electronic Devices (Cheltenham) Itd.
electric “bug” morse key. £10. Box No. G170.

MAGAZINES FOR SALE/EXCHANGE. Radio Con-
structor, Practical Electronics, Practical Television.
Single issues. Reasonable prices. All enquiries an-
swered. Wanted: Practical Wireless. Charnley, 18
Nether Street, Finchley, London N12 7NL.

FOR SALE: Small stamp collection £5. Box No. G.171.

FOR SALE: Raven radio control Tx & Rx. Multichannel
reed. £25. S.A.E. for details. Box No. G172.

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 3p. Data Publications Ltd.,
57 Maida Vale, London W9 1SN.

JOHN SAYS...

RING MODULATOR by Dewtron is Frofenional, 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 RH M from Dewtron
modules. Simple unit for waltz, foxtrot, etc. costs £16.55 in
modules. SYNTHESISER MODULES and other miracles.
Send 15p for illust. list. D.E.W. LTD., 254 Ringwood Road,
FERNDOWN, Dorset,

s

SEPTEMBER 1971

PLAIN-BACKED
NEW STYLE

SELF-BINDERS

-~ for your other magazines

(max. format 7}” 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.
57 Maida Vale London W9 1SN
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CHASSIS , H. L.SMITH &C0.LTD. BLANK CHASSIS
and 5"‘;,(/‘1 287/9 Edgware Road FOUR.SIDED 16 SWG ALUMINIUM
ASES EDGWM‘(’E ere London W2 IBE iiz: o Parice Bla;e ?:)zea e Psrslce Bliaose
_ C by TEL: 01-723 5891 2O S
CASES AtUMINIUM, SILVER Ao - H T o4t T (S 14

HAMMERED FINISH
Type Size Price Type Size Price
8x6x2" £1.00 W 12x7x7" £2.00
6x6x3" £1.05 15x9x8" £3.15

8ix5ix2"” 44p 21p  14x7x3” 80p 36p
9xTx2" S0p 26p 14x10x2% 47p
10x4x23” S0p 21p 15x10x2}” 9 S0p
12x4x2i” S5p 22p 17x10x3" £1.1 SSp
12x5x3" 66p  26p  Plus post and packing

TO FIT OUR CASES

7x53x14”  38p 21p 12x64x2"” 60p 33p

Tx54x2" 43p 21p 14x8ix2” T74p 44p

Hx6ixl}" 48p 30p 154x 3)(2}" 94p S2p

11x64x2” §S5p 30p 174x94x2}" £1.05 S%
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

SYNTHESISER
MODULES

Send s.a.e. for details of voltage-controlled modules for syn-
thesiser construction to D.E.W. Ltd., 254 Ringwood Road,
Ferndown, Dorset.

z

Y
Y .
Y 13x7x9” £3.15
Y 15x9x7" £3.35
9ix7ix34” £l 55 Z 17x10x9" £4.15

15x9x9”  £3.00 Z 19x10x81” £4.50

8x6x6" £1.90 *Height
Type N has removable bottem, Type U re-
movable bottom or back, Type W removable
front, Type Y all screwed construction, Type
Z removable back and front. Plusp. & p.

sccccczzz
-]
*
o
x
o

YUKAW <0 PROFESSIONAL e X

' YUKAN AEROSOL Wiy - |
'Ef:; Fs;;?:u}f f::; GREY HAMMER |

BLACK WRINKLE
NOW. i/ OR 7 (CRACKLE) Fimishes

Yukan Aerosal spraykit contains 453g. fine quahty, durable easy instant Othar Yukan Alr

p——————
spray. No stove baking required. Hammers available in grey snd biue, Drying Asrosols,
90p carr. pd. Modern Eggshell Black Wrinkle {Crackle) producing & 3D 453g. 8t S0p SEPT 1 3[h-1 ﬂ[h

textured tinish, 90p carr pd.. all at 85p per push-bution seif-spray can at L
our counter. Also durable, heat and water resistant Black Matt finish I’:;:C.hwm o

(339g. self-spray cans only) 75p carr. pd. Clesr Lacquar

|
|
SPECIAL OFFER: One can plus optionsl transferable snap-on trigger M,,,//,,,_ Grey,
handle {valus 25p) for 96p carr_pd. Choice of 13 salf-spray plain colours £ ‘
and primer (motor car quality) also availabla, >
|

Please anclose cheque or crossed P.0. for total amount direct to?

15 YUK a ;
\ &E::p w':-n YUKAN, 3o7 EDGWARE ROAD, LONDON wz1au| | 7”0 ;[ Wa‘(

Institutes and Leading Induslnal Organisations—We can supply you t00. Now British—
pen afl day Saturdsy. Closed Thursdey sfternoons aven better

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.

1 enclose Postal Order/Cheque for.............................. in payment fOr................cinn

(Please use Block Capitals for both name and address)
Postal Orders should be crossed and made payable to Data Publications Ltd.
Overseas customers please pay by International Money Order.
All publications are obtainable from your local bookseller.
Data Publications. Ltd., 57 Maida Vale, London W9 1SN

Please mention THE RADIO CONSTRUCTOR when writing to advertisers
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HENRY’S RADIO LIMITED
ENGLAND'S LEADING ELECTRONIC CENTRES

Hi-Fl - COMPONENTS - TEST - PA - DISCOTHEQUE - ELECTRONIC ORGANS - MAIL ORDER

COMPLETELY NEW -
10th EDITION TRANSISTOR AMPLIFIERS HI-FI TO sg'ITERY

CATALOGUE 350

pages fully
detailed and
Wlustrated
cavering every
aspect of
Efecironics

(Leatlets Ref. No. 6 and 8)

4-300 4TR 9V 300mw
104 4TR 9V 1W
304 4TR 9V 3w
555 6TR 12V 3W

Post, etc., 20p

£1.75' PA7 6TR 16V 7W
£2.12 608 6TR 24V 10W £4.12
£2.47 410 4TR 28V 10W £4.97
£2.75 MPA12/3 6TR 18V 12w £4.50
MPA12/15 6TR 36V 12W £5.25

£3.62
TELETON 206, Garrard SP25 Mk NI,
Goidring GBOO Serles Cart. Plinth/Cover,
10 watt 3 way bookshelf Speaker

Systems. All leads, efc {Rec. Price £81)
SAVE
£21.55 £59.45

(or with UK. made HLSA 707 (same
performance) £36.95)

OPTIONAL POWER SUPPLIES Posl, etc., 20p

P500 (1 or 2) for 104, 304

PS20 (1 or 2) for PA7

MU24/40 (1 or 2) for MPA12/3 or MPA12/15
P11 for 608 £2.87 P15 for 410

SINCLAIR PROJECT 60
PACKAGE DEALS
SAVE POUNDS !

2xZ30 amplilier, stereo 60 pre-amp. P25 power supply, £18.75.
Carr. 40p. Or with PZ6 power supply £18.25. Carr. 40p. 2xZ50 ampli-
fier, stereo 60 pre-amp, PZ8 power supply, £20.25. Carr. 40p. Trans-
former for P28 £2.45 extra Any of the above with Aclive Filter unit
add £4.75 or with pair Q16 speakers add £16. Also new FM Tuner
£21. 2000 Amplilier £24.50, p.p. 50p. 3000 Amplifier £31.50, p.p. S0p.
Also 1C12 £2.50.

LOW COST HI-FI SPEAKERS

E M.l Size 134" by 8}"
TYPE 150 6 watt, 3. 8 or 15 ohms £2.12. Post 22p
TYPE 150TC Twin cone version £2.75. Post 22p
" TYPE 450 10 watt with twin lweeters
and crossover. 3, 8 or 15 ohms.
| £3.50. Post 25p
TYPE 350 20 watt with tweeter and
crossover. 8 and 15 ohms. £7.50.
Post 28p
POLISHED CABINETS
FOR 150, 150TC and 450 £4.50, Post 30p
TERRIFIC RANGE OF SPEAKERS, KITS AND
CABINETS IN STOCK - SEE CATALOGUE OR
YOUR ENQUIRIES INVITED.

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 leaflet Nos. 3 & 7

at Special
Low Prices and
Fully Guaranteed

Care
£2

Plus tree pair Stereo hewdphones

TELETON F2000 Mad. Wave, Stereo FM
Amptifier, Garrard 2025 TC.
STAHC Diam. Plinth/Cover. 10° watt
Speaker Systems as above. all leads.
slc. {Rec. Price £91)

e £64.50

Plus free palr Sterec hesdphones

Send to this address — Henry's Radio Ltd..
(Dept. RC}. 3 Albemarle Way, London, E.C.1
- for catalogue only.
{All other mail to 303" as befow}.
A NEW HENRY’S CATALOGUE IS
A MUST FOR ELECTRONICS TODAY!

Tuner

Carr.
£2

TEST EQUIPMENT
For Every Purpose

THE TWO MOST POPULAR SYSTEMS
EVER PLUS FULL 12 MONTHS
GUARANTEE AS WITH ALL “HENRY §
AF105 50k/V multimeler (illus.). Price f—

£8.50, p.p. 20p. Leather case £1.42
200H 20k/V. Price £3.87. p.p 20p.
Case 62p

500 30k/V multimeter. Price £8.87,

p p 20p. Leather case £1.50

THL33 2k/V. Price £4.12,p p 15p.
Leather case £1.15

TE65 Valve voltmeter (illus.). Price
£17.50, p.p. 40p

SE250B Pocket pencil signal injector.
Price £1.75, p.p. 15p

FREE 12 page Audio

and Sierec Systems Discounts Lists.

M1 Fi Stock

Save up lo 40%! Demonstrations and

Crest Terms {lo callers) Pus 12

months guacsntee

MONO. STEREO AND MIXING
EQUIPMENT. HIGH QUALITY WITH
LOW PRICES

SES500 Pocket pencil signal tracer. Price
£1.50, p.p. 15p

TE20D RF generator. Price £15. p.p. 40p
TE22D Matching audio generator. Price
£17, p.p. 40p

TE15 Grid dip meter. Price £12.50,

Dg 40p )
TO3 Scope 3in. wube. Price £37.50.

p.p 50p
TE22 Audip Generator Price £17, SELF-POWERED SILICON-FET

p-p. 40p
C1-5 Pulse Scope £39.00 p.g. 50p

CONTROL UNITS/PREAMPLIFIERS

TOTAL £6.97
Cabinet £1.00. Decoder Klt 25 97 Tun-
ing Meter £1.75. Mains unit (op\:onal) Model PS900 £2.47

FEY 9/4 Mono or single channei, Adjust-
able levels All facilities plus micro-
phone. Mixing Price £12.50

Mains unit for Tuner and Decoder PS1200 £2.62

BUILD YOURSELF A QUALITY RADIO

Excellent printed circuit design with full
power output. Fully tuneable on both
MW/LW bands. 7 Mullard transistors.
Fitted Sin. speaker. Room-filling power.
Easy to build with terrific results. Two-
colour leathercloth cabinet with silvered
tront. All local and continental stations.
Complete detailed instructions. Ask for
Leafiet No. 1. Total cost £6.98 p.p. 35p
All parts soid separately.

PANEL METERS

Complete range in stock. 38, 65 and 85 types plus
large range Edge types also 240°-250" types.

{Get a copy of our latest catalogue for fuil specifica-
tions and further ranges.)

MORE OF EVERYTHING AT LOW
PRICESALWAYSFROM HENRY’S

4 COMPONENTS IN STOCK FOR ALMOST ALL
PUBLISHED DESIGNS. YOUR ENQUIRIES INVITED
SEND LARGE S.AE. (WITH LIST) FOR PARTS
QUOTE FOR ALL CIRCUITS.

TRANSISTORS - I.C.'s

The largest range available Send tor free list No. 36.

HENRY'S SUPPLY ALL YOUR
AUDIO - ELECTRONIC NEEDS!

FET 154 Stereo with all lsclllhes mag-
netic cart, input. atc £16.50

ICON POWER AMPLIFERS

FOR USE WITH ABOVE
PA25 25 walts mto 8 ohms £7.50
PAS50 50 watia into 4 ohms £9.50
MU442 Power Supply for 1 or 2 PA25's
or 1 only PASO £6.00. Post 20p

FREE BROCHURE No. 25 on REQUEST

NO SOLDERING — ALL UNITS
INTERCONNECTING
N DEMONSTRATION AT "356"

PUBLIC ADDRESS AND DISCOTHEQUE EQUIPMENT

The largest and most versatile range available — all your requirements for outdoos. indoor, mobile.
and permanent installations. Sound and lighting supplied. Brochure No. 18 on request or call into
“309" and see for yourself. Also Electronic Organs in Kit form — ask.for Brochuse No. 9.

High Fidelity Sales &
Demonstrations Centre

354 EDGWARE ROAD,

Electronic Organs.

P.A. & Discotheque Centre
303 EDGWARE ROAD,
LONDON, W.2. LONDON, W.2. LONDON, W.2.

Tel: 01-402 5854 Tel: 01-723 6963 Tel: 01-723 1008/9
356 OPEN SIX FULL DAYS A WEEK 3am to 6 pm MONDAY TO SATURD AY

Electronic Components,
Audio and Test Gear Centre
356 EDGWARE ROAD,
LONDON, W.2.
Tel: 01-402 4736
354

Mail Orders. Special Bargain
Shop. Industrial Sales
303 EDGWARE ROAD,

&
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